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The labor market is undoubtedly the closest and most intimate aspect of the economy

that the individuals face. The type of employment has also evolved over time alongside the

labor market. While much study has been focused on the labor market, not enough light

has been shed on self-employment, which is unique in that it is a form of employment at the

borderline of workers and firms. Relating the motivation for starting one’s own business to

the possibility of finding wage-paying jobs is even rarer, as much of previous literature see

self-employment from the perspective of credit constraints or avoiding costly labor and tax

regulations. As the share of self-employment is non-negligible (which is especially true in

developing, small open economies), a proper understanding of self-employment is crucial in

successfully carrying out structural reforms as well.

With this agenda in mind, this dissertation seeks to understand two main issues. First is

exploring how individuals’ decisions towards choosing into self-employment can be tied to the

state of the labor market (i.e. the probability of finding wage-paying work). This additional

source of employment eventually affects the composition of the labor market and thus the

business cycle dynamics. The second topic of the dissertation is studying the consequences

of such self-employment on the macroeconomic efficiency and the outcomes of structural

reforms on the product and labor markets.



Chapter 11 focuses on the consequences of different decisions regarding the international

financial market integration and exchange rate policy in a small open economy, Korea. The

chapter is targeted towards a deeper understanding of a combination of policies under two

important ingredients in a Dynamic Stochastic General Equilibrium (DSGE) model: pro-

ducer entry into domestic and export markets and labor market frictions. Results show that

under flexible exchange rates, access to international financial markets increases the volatility

of both business creation and the number of exporting plants, with the effects on employment

volatility being more modest. The exchange rate peg can have unfavorable consequences for

the effects of terms of trade appreciation, and more financial integration is not necessarily

beneficial under a peg. The combination of a floating exchange rate and internationally

complete markets would be the best scenario for Korea among those the chapter focuses on.

Chapter 2 introduces workers’ endogenous transition in and out of self-employment in

the traditional Diamond-Mortensen-Pissarides (DMP) framework, while keeping the crucial

ingredients in a closed economy DSGE framework as explored in Chapter 1. Under such

settings, labor market composition becomes more volatile, leading to greater fluctuations and

higher welfare costs from business cycles. A comparison with a centrally planned economy

shows that self-employment becomes an additional source of inefficiency in the economy. The

lack of job creation by the self-employed implies reforms being less effective when targeted

towards them.

Chapter 3 brings together the first two chapters by allowing self-employment in a small

open economy, calibrated for Korea. Specifically, the hiring firms produce tradable goods and

engage in exporting, while the self-employed produce nontradable goods and only serve the

domestic market. The model displays a much higher rate of self-employment (around 36% of

employment) compared to the closed economy calibrated for the U.S. in Chapter 2. It also

shows the real exchange rate appreciating and terms of trade depreciating under financial

1This chapter is based on the co-authored work with Fabio Ghironi and Matteo Cacciatore.



autarky after a productivity shock, where the size of the fluctuations depends on the firm

creation in both tradable and nontradable sectors. Allowing international borrowing leads

to more consumption smoothing but relatively less entry in both hiring and self-employed

firms, with unemployment becoming less volatile and terms of trade initially appreciating.
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Chapter 1

FINANCIAL MARKET INTEGRATION, EXCHANGE RATE
POLICY, AND THE DYNAMICS OF BUSINESS AND

EMPLOYMENT IN KOREA1

1.1 Introduction

Korea transitioned from limited exchange rate flexibility and low integration in international

financial markets in the 1980s to the current environment of a floating won and high capital

market integration. In the process, it experienced a severe currency and banking crisis in

1997-98, which precipitated the advent of increased exchange rate flexibility. Much has been

written on the crisis that engulfed Korea and other Asian countries, and on the interaction

of policy choices with respect to capital account opening and exchange rate policy in ex-

posing countries to such events.2 Even abstracting from the topic of crises, the effects of

international financial market integration and exchange rate policies are classic subjects of

study in international macroeconomics.3 Importantly, these studies typically abstract from

features of economic dynamics that are becoming increasingly accepted as necessary ingre-

dients for empirically relevant positive analysis and for policy conversation: producer entry

into domestic and export markets, and labor market frictions that result in unemployment.4

The purpose of this paper is to use a medium-scale, dynamic, stochastic, general equilib-

rium (DSGE) model that features these ingredients—in addition to the standard ingredients

1This chapter is based on the co-authored work with Fabio Ghironi and Matteo Cacciatore.
2Eichengreen (2004a, 2008) summarizes events and explanations and provides references to much litera-
ture.
3See Heathcote and Perri (2014) for a survey of literature on international financial market integration
and risk sharing and Corsetti et al. (2010) for a survey on monetary policy in open economies.
4References to much recent literature that introduces one or both of these ingredients in analyses of
macroeconomic fluctuations and/or policy problems can be found in Cacciatore and Ghironi (2012).
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of New Keynesian open economy macroeconomics—to shed light on the consequences of dif-

ferent decisions with respect to international financial market integration and exchange rate

policy for Korea. The exercise allows us to highlight the importance for results of chan-

nels hitherto unexplored in the literature and that suggest interesting avenues for further

theoretical and empirical exploration.

The model we use is a small open economy version of the benchmark framework for anal-

ysis of macro interdependence and monetary policy with micro-level dynamics developed by

Cacciatore and Ghironi (2012). In the model, monopolistically competitive producers decide

endogenously on the number of plants (or product lines) they operate subject to sunk costs

of new product creation. Plants are heterogeneous in their productivities and face fixed ex-

port costs as in Melitz (2003). Therefore, only the products of sufficiently productive plants

are exported abroad. These micro-level producer dynamics, which have become the bench-

mark for international trade analysis, are combined with search-and-matching labor market

frictions as in Diamond (1982a, b) and Mortensen and Pissarides (1994). Hiring workers

requires firms to post vacancies and incur costs of vacancy posting. A standard matching

technology translates the number of aggregate vacancies and the aggregate unemployment

rate into new job matches in each period. Wages are determined by Nash bargaining between

workers and firms. These ingredients are combined with the standard assumptions of wage

and price stickiness of a vast New Keynesian literature to complete the setup for our exer-

cises. We consider three scenarios for international financial integration and two possibilities

for monetary policy: financial autarky, internationally incomplete markets with asset trade

restricted to nominal bonds, and complete markets, under an exchange rate peg or a float.

In the latter case for exchange rate policy, we assume that monetary policy sets the interest

rate according to an empirically plausible interest rate rule as a function of inflation and the

output gap.

We take the case of incomplete markets under flexible exchange rates as benchmark for

comparison of the model’s properties to those of the data on Korea’s business cycle in the

period 1998–2007. Even if it fails to generate a countercyclical trade balance, the model
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does well on several dimensions. We then tackle the following question: Suppose Korea

operates under the floating won regime, but it does it under financial autarky or complete

markets. How would its macroeconomic dynamics differ and what would be the consequences

for welfare?

We find that access to international financial markets increases the volatility of both

business creation (producer entry) and the number of exporting plants, but the effects on

employment volatility are more modest. Financial integration implies better consumption

risk sharing, with lower consumption volatility and higher correlation of consumption with

the rest of the world. As a consequence, welfare costs of business cycles for Korea become

significantly lower.

The next exercise that we perform studies how financial integration and the exchange

rate regime interact to shape macroeconomic dynamics in response to shocks and the welfare

implications of different scenarios. We find that an exchange rate peg can have unfavorable

consequences especially for the effects of shocks that cause terms of trade appreciation. At

the same time, more financial integration is not necessarily beneficial under a peg, because

of unfavorable employment and business creation consequences. On welfare grounds, the

combination of a floating exchange rate and full insurance in internationally complete markets

is the best scenario for Korea among those we considered.

To the best of our knowledge, our paper makes a novel contribution to the literature

by highlighting the role of producer-level dynamics and labor market frictions in shaping

the consequences of different scenarios for international financial market integration and the

exchange rate regime. However, there is much that the paper does not do: While it suggests

mechanisms that can make an exchange rate peg undesirable, the paper does not include

any modeling of the 1997–98 crisis, and it should not be interpreted as a theory of the crisis.

This is so also because the model abstracts from financial market frictions other than in the

menu of internationally traded assets, and it is well known that the banking sector played a

crucial role in the crisis.

The model departs from the benchmark New Keynesian small open economy framework
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(as developed, for instance, by Galí and Monacelli, 2005) only by introducing richer micro-

level producer dynamics and search-and-matching frictions in labor markets. By doing so, we

are abstracting from many model features of potential relevance to the specific case of Korea.

We are making this choice intentionally: A vast literature has applied the off-the-shelf Galí-

Monacelli-type model to a large number of vastly heterogeneous countries. Our interest here

is in performing a similar exercise and applying what we view as a benchmark New Keynesian

small open economy model with producer dynamics and labor market frictions to the case

of Korea. Restricting the extension of the basic framework to the ingredients we focus on

allows us to hone in most transparently on the novel results we can learn from the joint

introduction of these model features. The development of model versions that incorporate

more Korea-specific features is an obvious extension of our analysis that we leave for future

research.

Finally, the paper also does not provide an empirical assessment of the importance for

Korea of the producer-level dynamics we highlight. Borrowing the terminology of Prescott

(1986), we present “theory ahead of business cycle measurement,” which will require longer

time series of extensive margin data for rigorous testing than those currently available. We

view the construction of such data and its use in empirical analysis of the mechanisms we

explore as a major task for future research.5

The rest of the paper is organized as follows. Section 2 presents the model. Section

3 discusses the properties of the model by presenting impulse responses to a productivity

shock and comparing model-generated business cycle moments to those of the data. Section

4 studies the consequences of different degrees of international financial market integration

under flexible exchange rates. Section 5 focuses on the consequences of terms of trade

shocks. Section 6 analyzes the combined effects of different exchange rate and financial

market integration scenarios. Section 7 summarizes sensitivity analysis exercises. Section 8

concludes. An Appendix presents technical details.

5See Bilbiie et al. (2012) and Cacciatore and Ghironi (2012) for references to literature that supports the
relevance for economic dynamics of the mechanisms we highlight in countries other than Korea.
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1.2 The Model

The model we employ is an application of the framework developed by Cacciatore and

Ghironi (2012). The difference is that Korea is a prototype small open economy. As is

now standard practice in the literature, we model the small open economy as a limiting

case of a two-country dynamic general equilibrium model in which one country (the small

open economy, also referred to as Home) is of measure zero relative to the rest of the world

(Foreign henceforth). As a consequence, the policy decisions and macroeconomic dynamics of

the small open economy have no impact on Foreign. Next we describe in detail the behavior

of households and firms in the small open economy.6

1.2.1 Household Preferences

The small open economy is populated by a unit mass of atomistic households, where each

household is viewed as an extended family with a continuum of members along the unit

interval. In equilibrium, some family members are employed, while others are unemployed.

As is common in the literature, we assume that family members insure each other perfectly

against variations in labor income due to changes in employment status, so that there is no

ex post heterogeneity across individuals in the household (see Andolfatto, 1996, and Merz,

1995).7

The representative household in the Home economy maximizes the expected intertempo-

ral utility function E0

∑∞
t=0 β

t[u(Ct)− ltν(ht)], where β ∈ (0, 1) is the discount factor, Ct is

a consumption basket that aggregates domestic and imported goods as described below, lt

is the number of employed workers, and ht denotes hours worked by each employed worker.

6Cacciatore et al. (2015) use the model presented here to study the consequences of structural reforms
and trade integration for New Zealand.
7Nakajima (2012) and Obiols-Homs (2012) explore the consequences of market incompleteness in the
search-and-matching models of labor market frictions. We retain the standard assumption of market com-
pleteness to preserve the representative household framework of benchmark New Keynesian modeling and
focus most transparently on the consequences of extending the framework to include producer dynamics
and search-and-matching frictions.
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Period utility from consumption, u(.), and disutility of effort, ν(.), satisfy the standard

assumptions.

The consumption basket Ct aggregates Home and Foreign sectoral consumption outputs,

Ct(n), in Dixit and Stiglitz (1977) form:

Ct =

[∫ 1

0

Ct(n)
φ−1
φ dn

] φ
φ−1

(1.1)

where φ > 1 is the symmetric elasticity of substitution across goods. The corresponding

consumption-based price index is given by:

Pt =

[∫ 1

0

Pt(n)1−φdn

] 1
1−φ

, (1.2)

where Pt(n) is the price index for sector n, expressed in Home currency.

1.2.2 Production

There are two vertically integrated production sectors. In the upstream sector, perfectly com-

petitive firms use labor to produce a non-tradable intermediate input. In the downstream

sector, each consumption-producing sector n is populated by a representative monopolisti-

cally competitive multi-product firm that purchases the intermediate input and produces

differentiated varieties of its sectoral output. In equilibrium, some of these varieties are

exported while the others are sold only domestically.8

Intermediate Goods Production

There is a unit mass of intermediate producers. Each of them employs a continuum of work-

ers. Labor markets are characterized by search and matching frictions as in the Diamond-

8This production structure greatly simplifies the introduction of labor market frictions and sticky prices
in the model.
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Mortensen-Pissarides (DMP) framework.9 To hire new workers, firms need to post vacancies,

incurring a cost of κ units of consumption per vacancy posted. The probability of finding a

worker depends on a constant-return-to-scale matching technology, which converts aggregate

unemployed workers, Ut, and aggregate vacancies, Vt, into aggregate matches,Mt = χU1−ε
t V ε

t

where χ > 0 and 0 < ε < 1. Each firm meets unemployed workers at a rate qt ≡ Mt/Vt.

As in Krause and Lubik (2007) and other studies, we assume that newly created matches

become productive only in the next period. For an individual firm, the inflow of new hires

in period t + 1 is therefore qtvt, where vt is the number of vacancies posted by the firm in

period t.10

Firms and workers can separate exogenously with probability λ ∈ (0, 1). Separation

occurs only between firms and workers who were active in production in the previous period.

As a result, the law of motion of employment, lt (those who are working at time t), in a

given firm is given by lt = (1− λ)lt−1 + qt−1vt−1.

The representative intermediate firm produces output yIt = Ztltht, where Zt is exogenous

aggregate productivity.11 We normalize steady-state productivity, Z, to 1 and assume that

Zt follows an AR(1) process in logarithms, logZt = φZ logZt−1 + εt, where εt represents i.i.d.

draws from a normal distribution with zero mean and standard deviation σε.

As in Arseneau and Chugh (2008), firms face a quadratic cost of adjusting the hourly

nominal wage rate, wt. For each worker, the real cost of changing the nominal wage between

period t−1 and t is ϑπ2
w,t/2, where ϑ ≤ 0 is in units of consumption, and πw,t ≡ (wt/wt−1)−1

is the net wage inflation rate. If ϑ = 0, there is no cost of wage adjustment.

Intermediate goods producers sell their output to final producers at a real price ϕt,

expressed in units of consumption. Intermediate producers choose the number of vacancies,

vt, and employment, lt, to maximize the expected present discounted value of their profit

9See Diamond (1982a, b) and Mortensen and Pissarides (1994).
10In equilibrium, vt = Vt
11Note that the assumption of a unit mass of intermediate producers ensures that yIt is also the total
output of the intermediate sector.
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stream:

E0

∞∑
t=0

βt
uC,t
uC,0

(
ϕtZtltht −

wt
Pt
ltht −

ϑ

2
π2
w,tlt − κvt

)
, (1.3)

subject to the dynamics of employment, where uC,t denotes the marginal utility of consump-

tion in period t. Profit in any period consists of output sales less labor costs inclusive of

wage adjustment costs plus vacancy costs. Future profits are discounted at the stochastic

discount factor of domestic households, who are assumed to own Home firms.

Combining the first-order conditions for vacancies and employment yields the following

job creation equation:

κ

qt
= Et

{
βt,t+1

[
(1− λ)

κ

qt+1

+ ϕt+1Zt+1ht+1 −
wt+1

Pt+1

ht+1 −
ϑ

2
π2
w,t+1

]}
, (1.4)

where βt,t+1 ≡ βuC,t+1/uC,t is the one-period-ahead stochastic discount factor. The job

creation condition states that, at the optimum, the vacancy creation cost incurred by the

firm per current match is equal to the expected discounted value of the vacancy creation

cost per future match, further discounted by the probability of current match survival 1−λ,

plus the profits from the time-t match. Profits from the match take into account the future

marginal revenue product from the match and its wage cost, including future nominal wage

adjustment costs.

Wage and Hours The nominal wage is the solution to an individual Nash bargaining

process, and the wage payment divides the match surplus between workers and firms. Due to

the presence of nominal rigidities, we depart from the standard Nash bargaining convention

by assuming that bargaining occurs over the nominal wage payment rather than the real

wage payment.12 With zero costs of nominal wage adjustment (ϑ = 0), the real wage that

emerges would be identical to the one obtained from bargaining directly over the real wage.

This is no longer the case in the presence of adjustment costs.

12The same assumption is made by Arseneau and Chugh (2008), Gertler et al. (2008), and Thomas (2008).
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The details of wage determination are set out in the Appendix. There we show that

the equilibrium sharing rule can be written as ηw,tHt = (1 − ηw,t)Jt, where ηw,t is the bar-

gaining share of firms, Ht is worker surplus, and Jt is firm surplus (see Appendix A for the

expressions). As in Gertler and Trigari (2009), the equilibrium bargaining share is time-

varying due to the presence of wage adjustment costs. Without these costs, we would have

a time-invariant bargaining share ηw,t = η, where η is the weight of firm surplus in the Nash

bargaining problem. (The steady-state value of ηw,t, ηw, differs from η if wages are sticky

and there is non-zero steady-state wage inflation.)

The bargained wage satisfies:

wt
Pt
ht = ηw,t

(
ν(ht)

uC,t
+ b

)
+ (1− ηw,t)

(
ϕtZtht −

ϑ

2
π2
w,t

)
+ Et

{
βt,t+1Jt+1

[
(1− λ)(1− ηw,t)− (1− λ− ιt)(1− ηw,t+1)

ηw,t
ηw,t+1

]}
, (1.5)

where ν(ht)/uC,t + b is the worker’s outside option (the utility value of leisure plus an un-

employment benefit b), and ιt is the probability of becoming employed at time t, defined

by ιt ≡ Mt/Ut. With flexible wages, the third term on the right-hand side of this equation

reduces to (1 − η)ιt Et(βt,t+1Jt+1), or, in equilibrium, κ(1 − η)ιt/qt. In this case, the real

wage bill per worker is a linear combination – determined by the constant bargaining param-

eter η – of the worker’s outside option and the marginal revenue product generated by the

worker (net of wage adjustment costs) plus the expected discounted continuation value of

the match to the firm (adjusted for the probability of worker’s employment). The stronger

the bargaining power of firms (the higher η), the smaller the portion of the net marginal rev-

enue product and continuation value to the firm appropriated by workers as wage payments,

while the outside option becomes more relevant. When wages are sticky, bargaining shares

are endogenous, and so is the distribution of surplus between workers and firms. Moreover,

the current wage bill reflects also expected changes in bargaining shares.

As is common practice in the literature, we assume that hours per worker are determined
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by firms and workers in a privately efficient way, i.e., so as to maximize the joint surplus

of their employment relation.13 The joint surplus is the sum of the firm’s surplus and the

worker’s surplus, i.e., Jt + Ht, as defined in A.1 and A.4. The maximization yields a stan-

dard intratemporal optimality condition for hours worked that equates the marginal revenue

product of hours per worker to the marginal rate of substitution between consumption and

leisure: νh,t/uC,t = ϕtZt, where νh,t is the marginal disutility of effort.

Final Goods Production

A contribution of Cacciatore and Ghironi (2012) is to show how price stickiness can be intro-

duced in a tractable way in the Ghironi and Melitz (2005) model of trade and macroeconomic

dynamics, while preserving the aggregation properties of Melitz’s (2003) heterogeneous firms

model. This is done by introducing price stickiness at the level of sectoral product bundles

for domestic sale and export that aggregate individual product varieties produced by plants

with heterogeneous productivity. In this sub-section we describe final goods creation and

production, the export decision, and price setting.

In each consumption sector, n, the representative, monopolistically competitive firm n

produces the sectoral output bundle, Yt(n), sold to consumers in Home and Foreign. Producer

n is a multi-product firm that produces a set of differentiated product varieties, indexed by

ω and defined over a continuum Ω:

Yt(n) =

(∫ ∞
ω∈Ω

yt(ω, n)
θ−1
θ dω

) θ
θ−1

, (1.6)

where θ > 1 is the symmetric elasticity of substitution across product varieties.14

Each product variety y(ω, n) is created and developed by the representative final producer

n. Since consumption-producing sectors are symmetric in the economy, henceforth we omit

13See, among others, Thomas (2008) and Trigari (2009).
14Sectors (and sector-representative firms) are of measure zero relative to the aggregate size of the economy.
Notice that Yt(n) can also be interpreted as a bundle of product features characterizing product n.
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the index n to simplify notation. The cost of the product bundle Yt, denoted by P y
t , is:

P y
t =

(∫ ∞
ω∈Ω

pyt (ω)1−θdω

) 1
1−θ

, (1.7)

where pyt (ω) is the nominal marginal cost of producing variety ω.

The number of products created and commercialized by each final producer is endoge-

nously determined. At each point in time, only a subset of varieties Ωt ⊂ Ω is actually

available to consumers. To create a new product, the final producer needs to undertake a

sunk investment, fe,t, in units of intermediate input. Product creation requires each final

producer to create a new plant that will produce the new variety.15 Plants employ different

technologies indexed by relative productivity z. To save notation, we identify a variety with

the corresponding plant productivity z, omitting ω. Upon product creation, the productivity

level of the new plant z is drawn from a common distribution G(z) defined over [zmin,∞).

This relative productivity level remains fixed thereafter. Each plant uses intermediate input

to produce its differentiated product variety, with real marginal cost:

ϕz,t ≡
pyt (z)

Pt
=
ϕt
z
. (1.8)

At time t, each final Home producer commercializes Nd,t varieties and creates Ne,t new

products that will be available for sale at time t+ 1. New and incumbent plants can be hit

by a “death” shock with probability δ ∈ (0, 1) at the end of each period. The law of motion

for the stock of producing plants is:

Nd,t+1 = (1− δ)(Nd,t +Ne,t). (1.9)

When serving the Foreign market, each final producer faces per-unit iceberg trade costs,

15Alternatively, we could model product creation by assuming that monopolistically competitive firms
produce product varieties (or features) that are sold to final producers, in this case interpreted as retailers.
The two models are equivalent. Details are available upon request.
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τt > 1, and fixed export costs, fx,t.16 Fixed export costs are denominated in units of the

intermediate input and are paid for each exported product. Thus, the total fixed cost is

Fx,t = Nx,tfx,t, where Nx,t denotes the number of product varieties (or features) exported

to Foreign. Without fixed export costs, each producer would find it optimal to sell all its

product varieties in Home and Foreign. Fixed export costs imply that only varieties produced

by plants with sufficiently high productivity (above a cut-off level zx,t, determined below)

are exported.17

To proceed further, we define two special average productivity levels (weighted by relative

output shares): (i) an average z̃d for all producing plants, and (ii) an average z̃x,t for all plants

that export:

z̃d =

[∫ ∞
zmin

zθ−1dG(z)

] 1
θ−1

, z̃x,t =

[
1

1−G(zx,t)

∫ ∞
zx,t

zθ−1dG(z)

] 1
θ−1

. (1.10)

We assume that G(·) is a Pareto distribution with shape parameter, kt > θ− 1. As a result,

z̃d = α
1
θ−1 zmin and z̃x,t = α

1
θ−1 zx,t, where α ≡ kp/[kp− (θ− 1)]. Thus, the share of exporting

plants is given by:

Nx,t ≡ [1−G(zx,t)]Nd,t =

(
zmin
z̃x,t

)kp
α

kp
θ−1Nd,t. (1.11)

The output bundles for domestic and export sale, and associated unit costs, are defined

16Empirical micro-level studies have documented the relevance of plant-level fixed export costs—see, for
instance, Bernard and Jensen (2004). Although a substantial portion of fixed export costs are probably
sunk upon market entry, we follow Ghironi and Melitz (2005) and do not model the sunk nature of
these costs explicitly. We conjecture that introducing these costs would further enhance the persistence
properties of the model by inducing hysteresis in the extensive margin of export decisions. Alessandria and
Choi (2007) develop a model with heterogeneous firms, sunk export costs, and Walrasian labor markets
(but no entry in domestic markets). Comin et al. (2009) show that a model with sunk export entry costs and
endogenous technology adoption and diffusion makes it possible to replicate lower-frequency fluctuations
referred to as medium-term business cycles (see also Comin and Gertler, 2006). Their extended framework
thus provides a microfoundation for results in Aguiar and Gopinath (2007).
17Notice that zx,t is the lowest level of plant productivity such that the profit from exporting is positive.
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as follows:

Yd,t =

[∫ ∞
zmin

yd,t(z)
θ−1
θ dG(z)

] θ
θ−1

, Yx,t =

[∫ ∞
zx,t

yx,t(z)
θ−1
θ dG(z)

] θ
θ−1

, (1.12)

P y
d,t =

[∫ ∞
zmin

pyt (z)1−θdG(z)

] 1
1−θ

, P y
x,t =

[∫ ∞
zx,t

pyt (z)1−θdG(z)

] 1
1−θ

. (1.13)

Using equations (1.8) and (1.13), the real costs of producing the bundles Yd,t and Yx,t can

then be expressed as:

P y
d,t

Pt
= N

1
1−θ
d,t

ϕt
z̃d
,

P y
x,t

Pt
= N

1
1−θ
x,t

ϕt
z̃x,t

. (1.14)

The present discounted cost facing the final producer in the determination of product

creation and the export bundle is thus:

Et

{
∞∑
s=t

βt,s

[
P y
d,s

Ps
Yd,s + τs

P y
x,s

Ps
Yx,s +

(
Ns+1

1− δ
−Ns

)
fe,sϕs +Nx,sfx,sϕs

]}
. (1.15)

The producer chooses Nd,t+1 and the productivity cutoff zx,t to minimize this expression

subject to (1.11), (1.14), and z̃x,t = α
1
θ−1 zx,t.18

The first-order condition with respect to zs,t yields:

P y
x,t

Pt
Yx,tτt =

(θ − 1)kp
[kp − (θ − 1)]

fx,tNx,tϕt. (1.16)

The above condition states that, at the optimum, marginal revenue from adding a variety

with productivity zx,t to the export bundle has to be equal to the fixed cost. Thus, varieties

produced by plants with productivity below zx,t are distributed only in the domestic market.

The composition of the traded bundle is endogenous, and the set of exported products

fluctuates over time with changes in the profitability of export.

18Equation (1.11) implies that, by choosing zx,t, the producer also determines Nx,t.
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The first-order condition with respect to Nd,t+1 determines product creation:

ϕtfe,t = (1− δ)Et

{
βt,t+1

[
ϕt+1

(
fe,t+1 −

Nx,t+1

Nd,t+1

fx,t+1

)

+
1

θ − 1

(
P y
d,t+1Yd,t+1

Pt+1Nd,t+1

+
P y
x,t+1Yx,t+1

Pt+1Nx,t+1

Nx,t+1

Nd,t+1

τt+1

)]}
. (1.17)

In equilibrium, the cost of producing an additional variety, ϕtfe,t, must equal its expected

benefit (expected savings on future sunk investment costs augmented by the marginal revenue

from commercializing the variety, net of fixed export costs, if it is exported).

We are now left with the determination of domestic and export prices. We denote by Pd,t

the price (in Home currency) of the product bundle Yd,t and let Px,t be the price (in Foreign

currency) of the exported bundle Yx,t. Each final producer faces the following domestic and

foreign demand for its product bundles:

Yd,t =

(
Pd,t
Pt

)−φ
Y C
t , Yx,t =

(
Px,t
P ∗t

)−φ
Y C∗
t (1.18)

where Y C
t and Y C∗

t are aggregate demands of the consumption basket in Home and Foreign.

Aggregate demand in each country includes sources other than household consumption, but it

takes the same form as the consumption basket, with the same elasticity of substitution φ > 1

across sectoral bundles. This ensures that the consumption price index for the consumption

aggregator is also the price index for the aggregate demand of the basket.

Prices in the final sector are sticky. We follow Rotemberg (1982) and assume that final

producers must pay quadratic price adjustment costs when changing domestic and export

bundle prices, which we assume are set in accordance with producer currency pricing (PCP):

Each final producer sets Pd,t and the domestic currency price of the export bundle, P d
x,t,

letting the price in the foreign market be Px,t = τtP
d
x,t/St, where St is the nominal exchange

rate (units of Home currency per unit of Foreign). The nominal costs of adjusting domestic

and export price are, respectively, Γd,t ≡ νπ2
d,tPd,tYd,t/2, and Γdx,t ≡ ν(πdx,t)

2P d
x,tYx,t/2, where
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ν ≥ 0 determines the size of the adjustment costs (domestic and export prices are flexible if

ν = 0), φd,t ≡ (Pd,t/Pd,t−1)− 1 and φdx,t ≡ (P d
x,t/P

d
x,t−1)− 1.

In the absence of fixed export costs, the producer would set a single price Pd,t and the law

of one price (adjusted for the presence of trade costs) would determine the export price as

Px,t = τtPx,t = τtPd,t/St. With fixed export costs, however, the composition of domestic and

export bundles is different, and the marginal costs of producing these bundles are not equal.

Therefore, final producers choose two different prices for the Home and Foreign markets even

under PCP.

We relegate the details of optimal price setting to Appendix B. We show there that the

(real) price of Home output for domestic sales is given by:

Pd,t
Pt

=
φ

(φ− 1)Ξd,t

(
P y
d,t

Pt

)
, (1.19)

where:

Ξd,t ≡ 1− ν

2
π2
d,t +

ν

θ − 1

{
πd,t(1 + πd,t)− Et

[
βt,t+1πd,t+1

(1 + πd,t+1)2

1 + πCt+1

Yd,t+1

Yd,t

]}
(1.20)

and πC,t ≡ (Pt/Pt−1) − 1. As expected, price stickiness introduces endogenous markup

variations: The cost of adjusting prices gives firms an incentive to change their markups

over time in order to smooth price changes across periods. When prices are flexible (ν = 0),

the markup is constant and equal to φ/(φ− 1).

The (real) price of Home output for export sales is equal to:

Px,t
P ∗t

=
φ

(φ− 1)Ξd
x,t

(
τtP

y
x,t

QtPt

)
, (1.21)

where Qt ≡ StP
∗
t /Pt is the consumption-based real exchange rate (units of Home consump-
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tion per units of Foreign), and:

Ξd
x,t ≡ 1− ν

2
(πdx,t)

2 +
ν

(φ− 1)

{
(1 + πdx,t)π

d
x,t − Et

[
βt,t+1π

d
x,t+1

(
1 + πdx,t+1

)2

1 + πCt+1

Yx,t+1

Yx,t

]}
.

(1.22)

Absent fixed export costs zx,t = zmin and Ξd
x,t = Ξd,t. Plant heterogeneity and fixed export

costs, instead, imply that the law of one price does not hold for the exported bundles.

For future purposes, define the average real price of a domestic variety, ρ̃d,t ≡ N
1
θ−1

d,t (Pd,t/Pt)

and the average real price of an exported variety, ρ̃x,t ≡ N
1
θ−1

x,t (Px,t/P
∗
t ). Combining equations

(1.14), (1.19), and (1.21), we have:

ρ̃d,t = µd,t
ϕt
z̃d
, ρ̃x,t = µx,t

τt
Qt

ϕt
z̃x,t

, (1.23)

where µd,t ≡ φ/[(φ − 1)Ξd,t] and µx,t ≡ φ/[(φ − 1)Ξd
x,t]. Finally, letting ỹd,t and ỹx,t denote

the average output of, respectively, a domestic and exported variety, we have

ỹd,t ≡ ρ̃−φd,tN
θ−φ
1−θ
d,t Y C

t , ỹx,t ≡ ρ̃−φx,tN
θ−φ
1−θ
x,t Y C∗

t . (1.24)

1.2.3 Household Budget Constraint and Intertemporal Decisions

In our benchmark scenario, we assume that international assets markets are incomplete,

as the representative household can invest only in nominal riskless bonds denominated in

Home and Foreign currency. Home-currency bonds are traded only domestically. Let At+1

and A∗,t+1 denote, respectively, nominal holdings of Home and Foreign bonds at Home.19 To

ensure a determinate steady-state equilibrium and stationary responses to temporary shocks

in the model, we follow Turnovsky (1985), and, more recently, Benigno (2009), and assume a

19Foreign nominal holdings of Foreign bonds are denoted by A∗
∗,t+1
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quadratic cost of adjusting Foreign bond holding, ψ (A∗,t+1/P
∗
t )2 /2.20 These costs are paid

to financial intermediaries whose only function is to collect these transaction fees and to

rebate the revenue to households in lump-sum fashion in equilibrium.

The Home household’s period budget constraint is:

At+1+StA∗,t+1 +
ψ

2
StP

∗
t

(
A∗,t+1

P ∗t

)2

+ PtCt

= (1 + it)At + (1 + i∗t )A∗,tSt + wtLt + Ptb(1− lt) + TGt + TAt + T It + T Ft , (1.25)

where it and i∗t are, respectively, the nominal interest rates on Home and Foreign bond

holdings between t− 1 and t, known with certainty as of t− 1. Moreover, TGt is a lump-sum

transfer (or tax) from the government, TAt is a lump-sum rebate of the cost of adjusting bond

holdings from the intermediaries to which it is paid, and T It and T Ft are lump-sum rebates

of profits from intermediate and final goods producers.21

Let at+1 ≡ At+1/Pt denote real holdings of Home bonds (in units of Home consump-

tion) and let a∗,t+1 ≡ A∗,t+1/P
∗
t denote real holdings of Foreign bonds (in units of Foreign

consumption). The Euler equations for bond holdings are:

1 + ψat+1 = (1 + it+1)Et
(

βt,t+1

1 + πC,t+1

)
, (1.26)

1 + ψa∗,t+1 = (1 + i∗t+1)Et

[
βt,t+1

Qt+1

Qt(1 + π∗C,t+1)

]
, (1.27)

where π∗C,t ≡ (P ∗t /P
∗
t−1)− 1.

20Given that idiosyncratic risk is pooled among domestic households, and foreign households only trade
foreign currency-denominated bonds, domestic-currency-denominated bonds are in zero net supply. That
is, in reality only foreign-currency-denominated bonds are traded in equilibrium. As a result, defining the
intermediation costs over the foreign currency bond only is sufficient to pin down the overall steady-state
net foreign asset position.
21In equilibrium, TGt = −Ptb(1 − lt), TAt = StPt(ψ/2)(A∗,t+1/P

∗
t )2, T It = Pt(ϕtZtlt − (wt/Pt)lt −

(ϑ/2)π2
w,tlt − λVt), TFt =

(
µd,t−1
µd,t

− µ
2 (πd,t)

2
)
ρ̃d,tNd,tỹd,t + Qt

(
µx,t−1
µx,t

− µ
2 (πx,t)

2
)
ρ̃x,tNx,tỹx,t −

ϕt(Nx,tfx,t +Ne,tfe,t).
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We present below the law of motion for net foreign assets that follows from imposing

equilibrium conditions in the household’s budget constraint. Other details on the equilibrium

can be found in Appendix C.

1.2.4 Net Foreign Assets and the Trade Balance

Bonds are in zero net supply, which implies that the equilibrium for the domestic bonds,

being nontraded, is at = 0 in all periods. Home net foreign assets are determined by:

Qta∗,t+1 = qt
1 + i∗t

1 + π∗C,t
a∗,t +QtNx,tρ̃x,tỹx,t −N∗x,tρ̃∗x,tỹ∗x,t. (1.28)

Defining 1 + r∗t ≡ (1 + i∗t )/(1 + π∗C,t), the change in net foreign assets between t and t+ 1 is

determined by the current account:

Qt(a∗,t+1 − a∗,t) = CAt ≡ Qtr
∗
t a∗,t + TBt, (1.29)

where TBt is the trade balance:

TBt ≡ QtNx,tρ̃x,tỹx,t −N∗x,tρ̃∗x,tỹ∗x,t. (1.30)

1.2.5 Monetary Policy and Data-Consistent Variables

Before describing monetary policy in the small open economy, we must address an issue that

concerns the data that are actually available to the central bank, i.e. we need to determine the

empirically-relevant variables that should enter the theoretical representation of monetary

policy (as well as be used for comparison of model properties to the data in our exercises

below).

As pointed out by Ghironi and Melitz (2005), in the presence of endogenous product

creation and “love for variety” in the production of final consumption-varieties, variables

measured in units of consumption do not have a direct counterpart in the data, i.e., they
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are not data-consistent. As the economy experiences entry of Home and Foreign firms,

the welfare-consistent aggregate price index Pt can fluctuate even if product prices remain

constant. In the data, however, aggregate price indexes do not take these variety effects

into account.22 To resolve this issue, we follow Ghironi and Melitz (2005), and we construct

an average price index P̃t ≡ (Nd,t + N∗x,t)
1/(θ−1)Pt. The average price index P̃t is closer

to the actual CPI data constructed by statistical agencies than is the welfare-based index

Pt, and, therefore, it is the data-consistent CPI implied by the model. In turn, given any

variable Xt in units of consumption, its data-consistent counterpart is XR,t ≡ XtPt/P̃t. The

data-consistent CPI inflation rate is π̃Ct ≡ (P̃t/P̃t−1)− 1.

We now specify monetary policy for the small open economy. As shown by Kim (2013),

a standard interest rate rule in the spirit of Taylor (1993) describes Korean monetary policy

quite well. We begin by assuming that the central bank of the small open economy sets the

contemporaneous policy interest rate according to a rule that can be taken as an operational

description of a flexible inflation targeting policy:

1 + it+1 = (1 + it)
%i
[
(1 + i)(πCR,t)

%π
(
Ŷ g
R,t

)%Y g ]1−%i
, (1.31)

where Ŷ g
R,t ≡ YR,t/Y

flex
R,t denotes the output gap – deviations of real output, YR,t, from

real output under flexible prices and wages, Y flex
R,t – and πCR,t denotes data-consistent CPI

inflation.23

Table 1.1 summarizes the key equilibrium conditions of the model-small open economy.

The table contains 13 equations that determine 13 endogenous variables of interest: Ct, ρ̃d,t,

lt, ht, Vt, Nd,t, wt/Pt, z̃x,t, πw,t, πC,t, it+1, a∗,t+1, and Qt. (Other variables that appear in the

table are determined as described above.)

22There is much empirical evidence that gains from variety are mostly unmeasured in CPI data, as docu-
mented most recently by Broda and Weinstein (2010).
23The sensitivity analysis of Section 1.7 summarizes the implications of replacing the policy rule (1.31)—our
representation of inflation targeting under a flexible exchange rate—with a rule that allows for a response
of the policy rate to exchange rate dynamics, capturing features of a managed exchange rate regime that
arguably describes important features of Bank of Korea policymaking since the Asian crisis of 1997-98.
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1.2.6 Foreign Aggregates

As summarized in Table 1.1, six Foreign variables directly affect the macroeconomic dynamics

in the small open economy: Y C∗
t , i∗t , π∗C,t, N∗x,t, ỹ∗x,t, ρ̃∗x,t. Aggregate demand, Y C∗

t , the nominal

interest rate, i∗t , and inflation, π∗C,t, are determined by treating the rest of the world (Foreign)

as a closed economy that features the same production structure, technology and frictions

that characterize the small open economy.24 Here we focus on the determination of the

number of Foreign exporters, N∗x,t, the average output of Foreign exported varieties, ỹ∗x,t,

and their average relative price, ρ̃∗x,t. Since the small open economy is infinitesimally small

relative to the rest of the world, these variables affect macroeconomic dynamics in the small

open economy without having any effect on Y C∗
t , i∗t , and π∗C,t.

We assume that Foreign producers solve a profit maximization problem that is equivalent

to that faced by Home producers, including the assumption that export prices are denomi-

nated in producer currency. The number of Foreign exporters is a time-varying fraction of

the number of Foreign producers that serve their domestic market:

N∗x,t ≡
[
1−G

(
z∗x,t
)]
N∗d,t =

(
zmin
z̃∗x,t

)kp
α

kp
θ−1N∗d,t, (1.32)

where z̃∗x,t is determined by imposing a zero export-profit condition that is the Foreign coun-

terpart to equation (1.16):

(ρ̃∗x,t)
−θ(N∗x,t)

θ−φ
1−θ Y C

t =
(θ − 1)

kp − (θ − 1)

z̃∗x,t
τ ∗t
f ∗x,t. (1.33)

In the above expression, τ ∗t and f ∗x,t denote, respectively, iceberg trade costs and fixed export

costs for Foreign firms (both costs are exogenous). The average output of a variety exported

24We do not report the details of the foreign economy. They are discussed in depth by Cacciatore and
Ghironi (2012).
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by Foreign to Home is:

ỹ∗x,t =
(
ρ̃∗x,t
)−φ (

N∗x,t
) θ−φ

1−φ Y C
t , (1.34)

where the average relative price ρ̃∗x,t is given by:

ρ̃∗x,t = Qtµ
∗
x,tτ

∗
t

ϕ∗t
z̃∗x,t

. (1.35)

In the above expression, ϕ∗t denotes the marginal costs of production of an individual variety

in the rest of the world; the term µ∗x,t denotes the export markup:

µ∗x,t ≡ ξt
φ

(φ− 1)Ξ∗dx,t
, (1.36)

where:

Ξ∗dx,t ≡ 1− ν

2

(
π∗dx,t
)2

+ ν(1 + π∗dx,t)π
∗d
x,t −

ν

(φ− 1)
Et
[
β∗t,t+1

(
1 + π∗dx,t+1

)
π∗dx,t+1

Y ∗x,t+1

Y ∗x,t

]
,

Y ∗x,t =
(
N∗x,t

) θ
θ−1 ỹ∗x,t, 1+π∗dx,t ≡

(
1 + π∗C,t

)
(Qt−1/Qt)

(
ρ̃∗x,t/ρ̃

∗
x,t−1

)
denotes Foreign export price

inflation, and ξt is a Foreign export markup shock that we will use below to introduce shocks

to the terms of trade.

1.3 Calibration and Model Properties

1.3.1 Calibration

We interpret periods as quarters and calibrate the rest-of-the-world parameters to match

standard post-war U.S. macroeconomic data. We choose the United States to represent the

“rest-of-the-world” economy for our model Korea because Korea stabilized the exchange rate

of the won against the U.S. dollar for much of the post-Bretton Woods period, and we will

discuss the consequences of different exchange rate policies vis-á-vis the dollar below.
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With the exception of the monetary policy coefficients in the interest rate rule, and the

process of exogenous shocks, we assume that the parameters that characterize the small open

economy are symmetric to the rest of the world. Given that Korea is an advanced economy,

we view this as a plausible assumption.25 Table 1.2 summarizes the calibration. (In the table

and below, variables without time indexes denote steady-state levels; parameters denoted

with a star are specific to the rest of the world, i.e., the calibration of those parameters is

not symmetric across countries.)

Rest of the World

We set the discount factor β to 0.99, implying an annual real interest rate of 4 percent. The

period utility function is given by ut = C1−γC
t /(1− γC)− lth1+γh

t /(1 + γh). The risk aversion

coefficient γC is equal to 2, while the Frisch elasticity of labor supply 1/γh is set to 0.4,

a mid-point between empirical micro and macro estimates.26 The elasticity of substitution

across product varieties, θ is set to 3.8 following Bernard et al. (2003), who find that this

value fits U.S. plant and macro trade data. Following Ghironi and Melitz (2005), we set the

elasticity of substitution across Home and Foreign goods, φ, equal to θ. Also as in Ghironi

and Melitz (2005), we set kp = 3.4, and normalize zmin to 1.

To ensure steady-state determinacy and stationarity of net foreign assets, we set the bond

adjustment cost parameter ψ to 0.0025 as in Ghironi and Melitz (2005). The scale parameter

for the cost of adjusting prices, ν, is equal to 80, as in Bilbiie et al. (2007). We choose ϑ,

the scale parameter of nominal wage adjustment costs, so that the model reproduces the

25Concerning market regulation parameters, OECD indexes for barriers to producer entry and employment
protection legislation for Korea and the U.S. are very similar (Online OECD Employment Database,
OECD). The same is true for the unemployment benefit replacement rate (Benefits and Wages: Statistics,
OECD).
26The value of this elasticity has been a source of controversy in the literature. Students of the business
cycle tend to work with elasticities that are higher than microeconomic estimates, typically unity and
above. Most microeconomic studies, however, estimate this elasticity to be much smaller, between 0.1 and
0.6. For a survey of the literature, see Card (1991). Keane and Rogerson (2012) offer a reconciliation that
credibly supports the range of estimates typically adopted in macroeconomic simulations. Our results are
not affected significantly if we hold hours constant at the optimally determined steady-state level.
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volatility of unemployment relative to GDP observed in the data. This implies ϑ = 260. To

calibrate the entry costs, we follow Ebell and Haefke (2009a) and set fe so that regulation

costs imply a loss of 5.2 months of per capita output.

Unemployment benefits, b, are equal to 54 percent of the steady-state wage, the average

value for the U.S. reported by OECD (2004). The steady-state, flexible-wage bargaining

share of workers, 1 − η, is equal to 0.4, as estimated by Flinn (2006) for the U.S. The

unemployment elasticity of the matching function, 1 − ε, is also equal to 0.4, within the

range of estimates reported by Petrongolo and Pissarides (2006) and such that the standard

Hosios condition for efficiency in the absence of other distortions holds in steady state. The

exogenous separation rate between firms and workers, λ, is 10 percent, as reported by Shimer

(2005). To pin down exogenous plant exit, δ, we target the portion of worker separation due

to plant exit equal to 40 percent reported by Haltiwanger et al. (2006).

Two labor market parameters are left for calibration: the scale parameter for the cost of

vacancy posting, κ, and the matching efficiency parameter, χ. We set these parameters to

match the steady-state probability of finding a job and the probability of filling a vacancy.

The former is 60 percent, while the latter is 70 percent, in line with Shimer (2005).

For the productivity process, we follow King and Rebelo (1999) and set persistence equal

to 0.979 and standard deviation of innovations to 0.0072. In our benchmark scenario, we

assume that there are no shocks to the Foreign export markup, i.e., we set ξt = 1 in all

periods. Finally, the parameter values in the policy rule for the Federal Reserve’s interest

rate setting are those estimated by Clarida et al. (2000). The inflation and GDP gap weights

are 1.65 and 0.34, respectively, while the smoothing parameter is 0.71. These are commonly

used values for parameters characterizing Federal Reserve interest rate setting under normal

economic conditions since the early 1980s.

Small Open Economy

As discussed above, parameters are assumed to be symmetric across countries, with the

exception of the coefficients appearing in the interest rate rule (1.31), the persistence of
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productivity shocks, and the standard deviation of productivity innovations. Moreover, three

exogenous variables are specific to the small open economy: the fixed export cost fx,t; iceberg

trade costs related to imports, τ ∗t ; and iceberg trade costs related to exports, τt. We assume

that these costs are constant. Thus, we drop the time index for simplicity. Moreover, we

assume that iceberg trade costs related to imports (exports) are the sum of tariffs, τT∗(τT ),

and non-tariff barriers, τNT∗(τNT ), i.e., τ ∗ = 1 + τT∗ + τNT∗ (τ = 1 + τT + τNT ). Finally,

we let both tariff and non-tariff components of trade costs be equal across costs related to

exports and imports, so that τ = τ ∗ and trade costs associated with exports and imports

are fully symmetric.

We calibrate trade costs and parameters specific to the small open economy to match

features of Korean macroeconomic data for the period 1998-2007, which corresponds to the

financial integration era, prior to the global crisis of 2008-09.

We set τT∗ = 0.07 and calibrate non-tariff barriers τNT∗ so that total trade (imports plus

exports) over GDP is equal to 66 percent, the average value for Korea over the calibration

period. We choose fx so that the share of exporting plants is equal to 21 percent, consistent

with the evidence in Aw et al. (2000).

Finally, we set the parameter values in the historical rule for Korean interest rate setting

consistent with the estimates in Kim (2013). The inflation and GDP gap weights are %π =

1.87 and %Y g = 0.19, respectively, while the smoothing parameter is %i = 0.84. We set the

persistence of productivity φZ to 0.999, consistent with the evidence of a unit root in Korean

productivity (Kim et al., 2009). We calibrate the volatility of productivity innovations to

match the volatility of Korea’s GDP. This requires setting σε = 0.02.

1.3.2 Model Properties

We now discuss the propagation of aggregate shocks in the model, and compare business cycle

dynamics to the data. We focus on the scenario of internationally incomplete asset markets

and endogenous interest rate setting under flexible exchange rates described in Section 1.2

as the benchmark to explain the model’s properties and compare them to data.
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Figure 1.1 shows the impulse responses of our model-Korea to a one-percent innovation in

domestic productivity. Unemployment (Ut) declines in the periods immediately following the

shock. On impact, the higher expected return of a match induces domestic intermediate input

producers to post more vacancies, which results in higher employment the following period.

Firms and workers renegotiate nominal wages because of the higher surpluses generated

by existing matches, and wage inflation (πw,t) increases. Wage adjustment costs make the

effective firm’s bargaining power procyclical, i.e., ηw,t rises.27 Other things equal, the increase

in ηw,t dampens the response of the renegotiated equilibrium wage, amplifying the response

of job creation to the shock.

Higher productivity causes entry of domestic product lines to increase and the export

cutoff, zs,t to fall. Accordingly, a larger number of Korean goods are available to domestic

and foreign consumers. Korea runs a current account deficit in response to the productivity

increase (CAt falls), as it is optimal to borrow from abroad to finance increasing producer

entry. Korea’s terms of trade (defined as TOTt ≡ Qtρ̃x,t/ρ̃
∗
x,t) depreciate—the relative price

of Korean exports in terms of Korean imports falls—so that Korean goods become relatively

cheaper. However, the terms of trade depreciation is mild compared to standard international

business cycle models. Producer entry and the countercyclical response of zx,t counteract

the effects of higher productivity on marginal costs, and domestic export prices fall by less

than in a model that abstracts from entry and heterogeneity.

Table 1.3 compares the second moments for key macroeconomic aggregates to those

implied by Korean data for the period 1998:Q1-2007:Q4. Korea was hit by a combined

currency-and-banking crisis in late 1997. Therefore, we take 1998 as the beginning of a

floating exchange rate regime for the won. Except for the trade balance, all the data used

to compute the moments in Table 1.3 were transformed by taking logarithms; all series were

then HP-filtered with smoothing parameter 1,600. In the table, Model I refers to the bench-

mark case in which the only stochastic shocks are productivity shocks in the intermediate

27Intuitively, ηw,t increases to ensure optimal sharing of the cost of adjusting wages between firms and
workers.
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goods sector. In that case, the model matches the moments for real GDP, consumption, and

unemployment fairly well, but it overstates the volatility of investment (which, in our model,

is given by investment in new product creation: It ≡ ϕtfe,tNe,t, and IR,t ≡ PtIt/P̃t.). The

model correctly captures the fact that imports are more volatile than exports, although their

absolute volatility is smaller than in the data. The model also performs reasonably well at

reproducing the observed correlations of macroeconomic variables with GDP and successfully

generates cross-country GDP correlation that is higher than consumption correlation. This

result is a challenge for standard international business cycle models. Costly producer entry

and labor market frictions dampen the resource shifting effect that often leads to counterfac-

tually low GDP correlation across model-countries.28 Model II augments the productivity

shocks with an exogenous stochastic component in terms of trade dynamics (discussed in

more detail in Section 1.7 below), a result of which is that the model matches trade-related

volatilities more closely, even if it fails to replicate the countercyclicality of the trade balance

observed in the data.29

1.4 The Macroeconomic Consequences of Financial Integration

1.4.1 Business Cycles Dynamics

We now study how international financial market integration affects business cycle fluctua-

tions and the dynamics of producer entry and employment in our model-Korea. To address

this issue, we compare the properties of the model under internationally incomplete markets

28This result does not depend on the fact that the Home economy is of negligible size relative to Foreign—in
other words, on the fact that Foreign output is not affected by resource shifting toward Home. The result
arises also in Cacciatore and Ghironi (2012) original version of the model with symmetric country size.
29In contrast to Cacciatore and Ghironi’s (2012) model with symmetric country size, investment in product
creation is not sufficient to generate a countercyclical trade balance for our calibration of the small open
economy framework. The most straightforward way to match this feature of the data would be to include
physical capital in the production function, and investment in capital accumulation. We refrain from doing
that to restrict the departures from the benchmark New Keynesian small open economy model of Galí
and Monacelli (2005) to labor market frictions and the dynamics of market entry—the model features we
want to focus on. (By assuming that output is only a function of labor and exogenous productivity, the
standard New Keynesian model cannot generate countercyclical trade balances.)
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to two extreme cases: financial autarky or complete markets. Taking the scenario of in-

tegration in incomplete markets as the most empirically plausible representation of Korea’s

situation in 1998-2007, the question we address in this section is how would Korea’s dynamics

in the same period have differed if Korea had operated its exchange rate float under financial

autarky or in an environment of full international insurance.

Under financial autarky, equation (1.28) is replaced by the condition that trade is bal-

anced in every period, TBt = 0, together with the requirement that holdings of foreign

bonds are zero in every period, a∗,t+1 = 0, for any t. By contrast, under complete markets,

equation (1.28) is replaced by the condition uC∗,t/uC,t = Qt, which represents the optimal

risk sharing agreement between agents in the small economy and agents in the rest of the

world. Risk sharing requires that the marginal benefit of an extra unit of domestic con-

sumption obtained from Foreign via insurance be equal to the marginal compensation that

Foreign agents receive for this insurance provision, given by the marginal utility of foreign

consumption multiplied by the relative price of Ct in terms of C∗t (the inverse of the domestic

real exchange rate, Qt). When a complete set of state-contingent securities is available, the

risk-sharing condition holds in a decentralized equilibrium independently of other nominal

and real frictions.

Figure 1.2 compares the impulse responses to a one-percent innovation in Home produc-

tivity under financial autarky (dashed lines) and complete markets (dash-dotted lines), as

well as the intermediate case of incomplete markets (solid lines).

Under financial autarky, households in the small open economy cannot borrow from

abroad to finance increased producer entry. As a result, a smaller number of producers

enter the domestic market relative to the benchmark scenario with incomplete markets.

Meanwhile, consumption responds by more, as lack of international borrowing reduces the

ability to smooth its dynamics. Notice that the persistence of the productivity process

plays an important role here: the more persistent the productivity shock, the stronger the

response of consumption. The reason is that highly persistent shocks have a larger impact

on the household’s permanent income.
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The dynamics of unemployment reflect two opposing forces. While smaller producer en-

try reduces the demand for intermediate inputs (and thus vacancy posting and employment),

higher consumption of final goods has an opposite effect. As a result, unemployment dy-

namics are not significantly affected. Since a smaller number of producers enters the export

market, the marginal cost of production for the export bundle, P y
x,t/Pt = N

1
1−θ
x,t ϕt/z̃x,t, falls

by less under financial autarky. This leads to terms of trade depreciating by less.

By contrast, complete markets result in strong production shifting toward the relatively

more productive economy. Intuitively, risk sharing induces stronger positive cross-country

consumption correlation. Since Foreign consumption is not affected by the Home productiv-

ity shock, the response of consumption is lower relative to the incomplete market scenario.

In turn, increased borrowing from abroad finances higher investment in product creation in

the more productive country. This higher product creation also leads to a larger number of

domestic products sold abroad.

As before, the dynamics of unemployment are not significantly different relative to the

case of incomplete markets. However, the terms of trade depreciate by more under complete

markets, reflecting the larger number of Home firms exporting to Foreign.

Table 1.4 summarizes the business cycle implications of the extent to which Korea is

integrated in international financial markets. Consistent with the impulse responses discussed

above, financial integration reduces the volatility of consumption and increases the volatility

of investment and product creation. The effect is stronger for higher levels of international

risk sharing.

Interestingly, GDP and unemployment volatility does not display a monotonic relation-

ship with the degree of financial market integration: For both GDP and unemployment,

volatility is minimized under incomplete markets. Once again, this reflects the composi-

tional effects of consumption and investment dynamics under the alternative international

asset market structures that we consider. Instead, the volatility of the terms of trade in-

creases with financial integration. This result is in contrast with Heathcote and Perri (2002),

who find that terms of trade volatility is higher under financial autarky relative to com-
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plete markets. The reason is that in our model, fluctuations in the number of exported

products affect terms of trade. In turn, since complete markets result in stronger extensive

margin fluctuations, terms of trade volatility increases. Finally, not surprisingly, the pattern

of international correlations reflects the consequences of increased risk sharing. Relative to

the incomplete markets scenario, the correlation between Home and Foreign consumption

increases with full risk sharing, while the cross-country correlation of output falls.

1.4.2 Implications for Welfare and Efficiency

Similar to Cacciatore and Ghironi (2012), the model features several distortions: price and

wage stickiness, firm monopoly power in the presence of endogenous output, positive unem-

ployment benefits, and non-technological, non-optimized trade barriers. In addition, under

financial autarky or incomplete markets, risk-sharing is inefficient (and costs of adjusting

bond holdings imply a resource loss under incomplete markets). Since we abstract from

optimal fiscal and monetary policy, both the model’s steady state and business cycle fluc-

tuations are not efficient. Alternative degrees of financial integration affect the welfare con-

sequences of business cycles by directly determining the importance of the financial market

distortion (the lack of risk sharing) and by contributing to shape the implications of the

other distortions.

Table 1.5 computes the welfare cost of business cycles associated to the three alternative

international asset markets we consider. We compute the percentage ∆BC of steady-state

consumption that would make Home households indifferent between living in a world with

uncertainty under a given asset structure m (m = financial autarky, incomplete markets, or

complete markets) and living in a deterministic world:

E0

∞∑
t=0

u (Ca
t , l

a
t , h

a
t ) =

1

1− β
u

[(
1 +

∆BC

100

)
C, l, h

]
. (1.37)

First-order approximation methods are inappropriate to compute the welfare associated with

each financial market arrangement. This is because the solution of the model implies that the
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expected value of each variable coincides with its non-stochastic steady state. However, in an

economy with a distorted steady state, volatility affects both the first and second moments

of the variables that determine welfare. Hence we compute welfare by taking a second-order

approximation to the policy functions. Thus, a lower value of ∆BC implies that the welfare

costs of business cycles computed are reduced.

Table 1.5 shows that financial integration leads to a substantial reduction in the wel-

fare cost of our model-Korea’s business cycle. In particular, ∆BC falls from 2.06 percent of

steady-state consumption under financial autarky to 0.25 percent under complete markets.

To understand this result, notice first that in the presence of steady-state distortions induced

by monopoly power and positive unemployment benefits, the welfare cost of business cycles

(up to second order) depends endogenously on both the mean and volatility of consumption

and employment (in contrast, household welfare does not depend on first-order endogenous

terms if the steady state is undistorted). In turn, the endogenous connection between macroe-

conomic volatility and the average level of consumption and employment around which the

economy fluctuates explains why financial integration induces sizable effects on the cost of

business cycles. Since the level of financial integration does not significantly affect employ-

ment fluctuations, consumption dynamics have a first-order effect on the welfare cost of

business cycles. In particular, when the ability of households to insure against idiosyncratic

shocks increases, consumption volatility falls, and average welfare rises.

1.5 The Role of Terms Trade Shocks

In the benchmark version of our model, Home’s terms of trade fluctuate only endogenously

in response to Home and Foreign productivity shocks due to the presence of firm monopoly

power in both countries. However, the model understates the volatility of the terms of trade

relative to GDP, suggesting that un-modeled forces affect Korea’s terms of trade fluctuations.

Indeed, existing evidence suggests that terms of trade shocks are an important driver of

Korea’s business cycles (Broda, 2004).

To address this issue, we consider the case of exogenous terms of trade shocks, in the
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form of exogenous shocks ξt to the Foreign export markup, µ∗x,t.30 Normalizing the steady-

state value of ξt to 1, we assume that ξt follows an AR(1) process in logarithms, logξt =

φξlogξt−1 + ωt, where ωt represents i.i.d. draws from a normal distribution with zero mean

and standard deviation σω. We calibrate the persistence of the shock φξ and the standard

deviation of innovations to match the observed autocorrelation and standard deviation of

Korea’s terms of trade. This requires setting φξ = −0.25 and σω = 0.45.31 As shown in

Table 1.3, when business cycles are driven by both productivity and terms of trade shocks,

the model reproduces the observed volatility of imports and exports relative to GDP more

closely. The correlation of TOTt with output is also closer the data, though the model

continues to miss the countercyclicality of the trade balance and implies countercyclical

imports in contrast with data.

Figure 1.3 shows the impulse responses to a one-standard deviation decrease in the Foreign

export markup. The reduction in the Foreign markup appreciates Korea’s terms of trade.

In turn, cheaper imports cause the demand for Foreign goods to rise. At the same time, the

appreciation of the terms of trade generates a positive wealth effect that sustains aggregate

demand for domestic output. Thus, expenditure switching toward Foreign goods does not

increase unemployment in the aftermath of the shock. Korea’s consumption increases by 0.5

percent at the peak. By contrast, GDP slightly falls, reflecting the initial decline of the trade

balance. During the transition, the number of foreign exporters increases, while the terms

of trade revert back to the steady-state level.

Figure 1.3 also presents the adjustment to the same Foreign markup shock under financial

autarky (dotted line) and complete markets (dashed line). In contrast to what was observed

with productivity shocks, the response of consumption is smaller under financial autarky,

30On the supply side, ξt captures international, commodity-market specific shocks. On the demand side,
it can be interpreted as reflecting changes in world demand (preferences). We obtain similar result if we
model terms of trade shocks as exogenous shocks to the time-varying markup of Home exporters.
31Notice that this does not imply that terms of trade dynamics become fully exogenous in the model. It is
only these two moments that are determined exogenously by calibration. The exogenous shock ξt and the
endogenous nature of the terms of trade in our model then jointly affect the equilibrium path of TOTt.
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whereas the dynamics under complete markets essentially mirror those under incomplete

markets. To understand this result, first notice that financial autarky implies that Home

households cannot finance a trade deficit in response to terms of trade appreciation. In

turn, since productivity is constant, less resources are available for domestic consumption

and investment, and both variables increase by less.

Table 1.4 studies the business cycle implications of financial integration when the small

open economy is subject to both terms of trade and productivity shocks. The implications

of financial integration for the volatility of consumption and product creation are same as

described in the previous section.

Table 1.5 computes the welfare cost of business cycles. While the presence of terms of

trade shocks does not change the main message, inefficient terms of trade fluctuations in-

crease the welfare cost of business cycles for a given international asset market structure.

Moreover, the gains from financial integration are somewhat smaller compared to the sce-

nario in which only productivity shocks drive the Korean business cycle. The reason is

that inefficient Foreign markup shocks induce inefficient fluctuations in the real exchange

rate, which, through the risk-sharing condition, ultimately result in more volatile, and thus

suboptimal, consumption.

1.6 The Role of Exchange Rate Policy

The exercises that we performed so far allowed us to discuss how Korea’s dynamics in the

period since the won was allowed to float may have been different if Korea, instead of being

financially integrated under the empirically most plausible scenario of incomplete markets,

had pursued a policy of financial autarky (akin to the pre-1992 situation) or if integration

had accomplished the outcome of full insurance in complete financial markets. However, the

model also allows us to consider a different exercise, which is to address the consequences

of different combinations of exchange rate and financial market integration environments.

For instance, a combination of fixed exchange rate and financial autarky can be taken to

represent Korea’s mix of exchange rate and international financial market policy between
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the 1980s and the beginning of the 1990s. Continuation of the fixed exchange rate regime,

but now in an environment of international integration in incomplete financial markets can

represent the period between 1992 and the crisis of late 1997.32 And it is interesting to

consider whether internationally complete markets can be a better representation of Korea’s

integration with global financial markets than incomplete markets for the period between

1998 and 2007.

We perform this exercise in Figure 1.4 and Figure 1.5, which present impulse responses to

productivity and terms of trade shocks under these different combinations of exchange rate

policy and financial market integration, and in Tables 1.6, 1.7 and 1.8, where model-generate

business cycle moments under these scenarios are compared to the properties of the data in

the relevant periods. Table 1.9 presents the welfare implications of the different scenarios.

We limit ourselves to highlighting below what we view as the most important features of the

results.

The impulse responses under complete markets are intuitively identical across Figures 1.2

and 1.4 and Figures 1.3 and 1.5, as they are computed under the same assumption of flexible

exchange rates. In the case of a productivity shock, the exchange rate regime does not

have a significant qualitative impact. Responses are similar across Figures 1.2 and 1.4,

and even quantitative differences are small. With respect to the responses to productivity

shocks, our model suggests that the interest rate rule followed by the Bank of Korea under

a floating won has been generating responses that are not very different from those under

a peg. Instead, responses to the terms of trade shock show striking differences. In contrast

to the environment of floating exchange rates, a decrease in the Foreign export markup that

causes the terms of trade of our model-Korea to appreciate under financial autarky causes

significant declines in consumption, GDP, and employment in the early part of the dynamics

if the exchange rate is fixed. The number of new product lines also falls for a few quarters

32The exchange rate of the won was not exactly fixed against the dollar after 1980. A managed peg with
target bands around a “crawling” parity is a better description of reality, but we take the fixed exchange rate
scenario as a rough approximation to reality better to highlight possible differences with the post-Asian
crisis period.
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after an initial upward movement. Integration under incomplete markets makes it possible

to benefit from employment gains if the exchange rate is flexible, but unemployment rises if

the exchange rate is fixed, and expansion in the number of new entrants is shorter-lived, with

product creation actually falling below the steady state for part of the subsequent dynamics.

The comparison of model-generated business cycle moments to the properties of the data

yields a familiar mixed picture. Replicating the cyclicality of the trade balance remains

a challenge for the model also when we consider different exchange rate regimes and time

periods. Importantly, however, the results in Table 1.8 support our choice of incomplete

markets as benchmark representation of Korea’s situation under flexible exchange rate: On

balance, the model’s performance relative to the data is better in Table 1.3 than in Table 1.8.

Table 1.9 shows that the costs of business cycles increase somewhat by moving from

financial autarky to incomplete financial markets under a peg if only productivity shocks

are considered, but they decrease more significantly if both productivity and terms of trade

shocks are accounted for. This is consistent with the observations above on unfavorable

employment and business creation effects of pegging the exchange rate under incomplete

markets when terms of trade shocks happen. From a welfare perspective, full insurance

under a float remains the best scenario implied by our model for Korea.33

1.7 Sensitivity Analysis

To verify the robustness of our results, we performed sensitivity analysis along three dimen-

sions.

First, we investigated whether our results are robust to the presence of forward-looking

targets in the policy rule considered above. Specifically, we re-ran all the simulations assum-

ing response to expected next-period inflation in (1.31) under flexible exchange rates.

Second, we considered alternative values for the parameters whose calibration is relatively

33In the environment of multiple distortions of our model, it is not automatic that increasing financial
market integration should always be welfare-improving. See Auray and Eyquem (2014) and Leblebicioğlu
(2009) for other examples of situations where financial integration can lower welfare in second-best envi-
ronments.
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controversial in the literature. For household preferences, we considered a higher Frisch

elasticity of labor supply (1/γh = 4, as typically assumed in the business cycle literature).

We evaluated the importance of nominal rigidity by considering smaller values for the scale

parameters of price and wage adjustment costs (ν = ϑ = 20). Finally, we considered an

alternative value for the elasticity of the matching function (ε = 0.4, the lower bound of the

estimates reported by Petrongolo and Pissarides, 2006). We studied the effects of changing

one parameter value at a time relative to the benchmark calibration. The main results are

very robust to the alternative parameter values we considered. (Details are available upon

request.)

Third, we studied the consequences of replacing the policy rule (1.31) – and thus the

assumption of a flexible exchange rate – with a rule that captures policymaking in the form

of a managed exchange rate regime as described by Benigno and Benigno (2008). Several

studies have found that the behavior of the Bank of Korea at various points in time (including

after the crisis of 1997) is appropriately described by a policy rule that includes a response

to exchange rate dynamics.34 Thus, we re-computed all figures and tables replacing the

assumption of a flexible exchange rate and rule (1.31) with the policy rule:

1 + it+1 = (1 + it)
%i
[
(1 + i) (πCR,t)

%π
(
Ŷ g
R,t

)%Y g
(St/St−1)%S

]1−%i
. (1.38)

We followed Milani and Park (2015) and calibrated the response coefficients as follows:

%π = 1.63, %Y g = 0.11, %S = 0.13, and %i = 0.83. Figures and tables for this scenario can

be found in Appendix D. Consistent with the fact that Milani and Park (2015) do not find

a large response to exchange rate depreciation in their empirical results, the results of our

simulations show very little or no difference between the managed exchange rate rule and the

flexible exchange rate results discussed above. Second moments change slightly, but most

changes are in the second decimal digit. Impulse responses also look very similar, and welfare

34For instance, Chung et al. (2007), Eichengreen (2004b), Milani and Park (2015), Ortiz et al. (2009), and
Ortiz and Sturzenegger (2007).
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costs are almost identical to flexible exchange rates. Flexible exchange rates under complete

markets remain the best policy regime for our model-Korea on welfare grounds.35

1.8 Conclusions

We studied the consequences of financial integration and exchange rate policy in a medium-

scale, calibrated model of the Korean economy that features endogenous producer entry and

labor market frictions. Under a flexible exchange rate and an empirically plausible represen-

tation of Korea’s monetary policy since the 1997-98 crisis, access to international financial

markets increases the volatility of both business creation and the number of exporting plants,

but the effects on employment volatility are more modest. Financial integration results in

better consumption risk sharing, with lower consumption volatility and higher correlation

with the rest of the world. The result is a substantial reduction in the welfare cost of business

cycles for Korea.

Financial integration and the exchange rate regime interact to shape macroeconomic dy-

namics in response to shocks and the welfare implications of different scenarios. An exchange

rate peg can have unfavorable consequences for the effects of terms of trade appreciation.

At the same time, more financial integration is not necessarily beneficial under a peg. Over-

all, our results show that the combination of a floating exchange rate and full insurance

in internationally complete markets would be the best scenario for Korea among those we

considered.

As better and longer time series of extensive margin data become available, it will be

possible to assess rigorously the quantitative relevance for Korea of the endogenous producer

dynamics that our model features. We view this and the extension of the model to incorporate

more features of empirical relevance to the Korean economy – including financial market

35Korea’s GDP fluctuations in the years since the Asian crisis were not dissimilar from those of Hong
Kong’s GDP, with the difference that Hong Kong successfully defended its exchange rate peg. It is an
open question whether this suggests irrelevance of the exchange rate regime for short-term fluctuations of
Korea and Hong Kong since 1998 or whether the similarity between the dynamics of GDP in Korea and
Hong Kong is the result of the patterns of shocks that affected these economies since 1998.
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frictions other than in the menu of internationally traded assets – as very important areas

for future research.
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Table 1.1. Model summary

Equilibrium Price Index: 1 = ρ̃
1−θ
d,t N

1−φ
1−θ
d,t + ρ̃∗

1−θ
x,t N∗

1−φ
1−θ

x,t

Equilibrium Exports: ρ̃−θx,tN
θ−φ
1−θ
x,t Y C∗

t = (θ−1)
kp−(θ−1)

z̃x,t
τt
fx,t

Labor Market Clearing: ltht = Nd,t
ỹd,t
Ztz̃d

+Nx,t
ỹx,t
Ztz̃x,t

τt +Ne,t
fe,t
Zt

+Nx,t

Employment Dynamics: lt = (1− λ)lt−1 + qt−1Vt−1

Product Creation: 1 = Et

βt,t+1
ρ̃d,t+1

ρ̃d,t

 µd,t
µd,t+1

(
fe,t+1

fe,t
− Nx,t+1

Nd,t+1

fx,t+1

fe,t

)
+

1
(θ−1)fe,t

(
µd,t
µd,t+1

ỹd,t+1 + Nx,t+1

Nd,t+1

Qt+1ρ̃x,t+1z̃x,t+1

ρ̃d,t+1z̃d

µd,t+1

µx,t+1
ỹx,t+1

) 
Job Creation: 1 = Et

{
βt,t+1

[
(1− λ) qt

qt+1
+ qt

κ

(
ϕt+1Zt+1ht+1 − wt+1

Pt+1
ht+1 − ϑ

2
π2
w,t+1

)]}
Determination of Hours: vh,t/uC,t = ϕtZt
Wage Inflation: 1 + πw,t = wt/Pt

wt−1/Pt−1
(1 + πC,t)

Equilibrium Wage Bargain:
wt
Pt
ht = ηw,t

(
v(ht)
uC,t

+ b
)

+ (1− ηw,t)
(
ϕtZtht − ϑ

2
π2
w,t

)
+Et

{
βt,t+1Jt+1

[
(1− λ)(1− ηw,t)− (1− λ− ιt)(1− ηw,t+1) ηw,t

ηw,t+1

]}
Monetary Policy Rule: 1 + it+1 = (1 + it)

%i

{
(1 + i)

[
Et
(

P̂t+k

P̂
IP
t+k−1

)1−IỸ (
EtŶ

N
t+k

)IỸ ]% [(
Ŷ g
R,t

)%Y g ]}1−%i

Euler Equation for Domestic Bonds: 1 = (1 + it+1)Et βt,t+1

(
1

1+πC,t+1

)
Euler Equation for Foreign Bonds: 1 + ψa∗t+1 =

(
1 + i∗t+1

)
Et

{
βt,t+1

Qt+1

Qt(1+π∗
C,t+1)

}
Foreign Asset Accumulation: Qt (a∗,t+1 − a∗,t) = Qt

(1+i∗t )

(1+π∗
C,t)

a∗,t +QtNx,tρ̃x,tỹx,t −N∗x,tρ̃∗x,tỹ∗x,t
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Table 1.2. Calibration

Parameter
Risk Aversion γC = 2
Frisch Elasticity 1/γh = 0.28
Discount Factor β = 0.99
Elasticity Matching Function ε = 0.4
Firm Bargaining Power η = 0.6
Unemployment Replacement Rate b/w = 0.54
Exogenous separation λ = 0.1
Vacancy Cost κ = 0.56
Matching Efficiency χ = 0.74
Elasticity of Substitution θ = 3.8
Plant Exit δ = 0.05
Pareto Shape kp = 3.4
Pareto Support zmin = 1
Sunk Entry Cost fe = 0.40
Fixed Export Costs fx = 0.008
Iceberg Trade Costs τ = 1.26
Rotemberg Wage Adj. Cost ϑ = 290
Rotemberg Price Adj. Cost ν = 80
Policy Rule - Interest Rate Smoothing %i = 0.84
Policy Rule - Inflation Parameter %π = 1.87
Policy Rule - Output Gap Parameter %Y g = 0.19
Bond Adjustment Cost ψ = 0.0025
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Table 1.3. Business cycle statistics, benchmark scenario

σX σX/σYR corr(Xt, YR,t)
Variable Data Model I Model II Data Model I Model II Data Model I Model II
YR 1.51 1.51 1.75 1 1 1 1 1 1
CR 1.98 1.89 1.90 1.31 1.22 1.08 0.74 0.73 0.61
IR 4.15 10.45 11.18 2.74 6.71 6.38 0.78 0.47 0.23
U 13.18 12.88 12.90 8.71 8.27 7.37 -0.57 -0.58 -0.51
XR 4.43 2.23 3.46 2.93 1.43 1.98 0.37 0.74 0.14
IMR 5.03 2.72 5.87 3.33 1.75 3.35 0.67 0.41 -0.22
TBR/YR 1.13 0.55 0.68 0.75 0.35 0.39 -0.47 0.13 0.36
TOT 2.19 0.59 2.49 1.45 0.38 1.45 -0.50 -0.64 -0.57

corr(YR,t, Y
∗
R,t) 0.34 0.29 0.26

corr(CR,t, C
∗
R,t) 0.08 0.02 0.02

Note: Data moments refer to the period 1998:Q1-2007:Q4;
σX ≡ standard deviation of variable X (percentage points);
corr(Xt, YR,t) ≡ contemporaneous correlation of variable X with data-consistent, real GDP;
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.
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Table 1.4. Business cycle moments under different asset markets

Financial Autarky Incomplete Markets Complete Markets
Variable Model I Model II Model I Model II Model I Model II
YR 2.00 1 1 2.00 1 1 1.56 1 1 1.75 1 1 2.08 1 1 2.19 1 1
CR 2.00 1 1 2.00 1 1 1.89 1.22 0.73 1.90 1.08 0.61 0.70 0.34 -0.05 0.72 0.33 -0.12
IR 8.61 4.31 0.68 8.66 4.34 0.68 10.45 6.71 0.47 11.18 6.38 0.23 13.77 6.62 0.40 14.24 6.49 -0.53
U 13.86 6.95 -0.70 13.87 6.95 -0.70 12.88 8.27 -0.58 12.90 7.37 -0.51 13.55 6.51 -0.56 13.57 6.18 -0.53
NE 8.70 4.36 0.69 8.72 4.37 0.69 10.67 6.85 0.48 11.26 6.43 0.26 14.07 6.77 0.42 14.44 6.58 0.32
XR 1.73 0.86 0.97 4.49 2.25 0.40 2.23 1.43 0.74 3.46 1.98 0.14 4.42 2.12 0.99 4.94 2.25 0.71
IMR 1.73 0.86 0.97 4.49 2.25 0.40 2.72 1.75 0.41 5.87 3.35 -0.22 2.57 1.24 -0.79 6.13 2.79 -0.59
TBR/YR 0 0 0.73 0 0 0.73 0.55 0.35 0.13 0.68 0.39 0.36 0.88 0.42 0.95 0.94 0.43 0.95
TOT 0.47 0.24 -0.94 1.99 0.99 -0.19 0.59 0.38 -0.64 2.49 1.45 -0.57 1.47 0.71 -0.95 2.92 1.33 -0.72

corr(YR,t, Y
∗
R,t) 0.01 0.01 0.29 0.26 0.21 0.20

corr(CR,t, C
∗
R,t) 0.01 0.01 0.02 0.02 0.69 0.67

Note: For every Model, the first column reports absolute standard deviations (σX , percentage points),
the second column reports standard deviations relative to real, data-consistent GDP (σX/σYR),
and the third column reports contemporaneous correlations with real, data-consistent GDP (corr(Xt, YR,t));
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.
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Table 1.5. Welfare cost of business cycles under different asset markets

∆Welfare
Financial Autarky Incomplete Markets Complete Markets

Model I 2.06 1.91 0.25
Model II 4.30 4.05 3.16
∆Welfare ≡ change in welfare cost of business cycles (percentage of steady-state consumption);
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.

Table 1.6. Financial autarky under fixed exchange rates

σX σX/σYR corr(Xt, YR,t)
Variable Data Model I Model II Data Model I Model II Data Model I Model II
YR 1.71 1.78 2.57 1 1 1 1 1 1
CR 0.74 1.78 2.57 0.43 1 1 0.30 1 1
IR 5.61 6.62 9.37 3.28 3.72 3.65 0.64 0.91 0.09
U 18.52 11.04 13.61 10.83 6.20 5.30 -0.16 -0.87 -0.56
XR 6.83 1.54 3.47 3.99 0.87 1.35 0.42 0.98 -0.10
IMR 5.23 1.54 3.47 3.06 0.87 1.35 0.30 0.98 -0.10
TBR/YR 0.91 0 0 0.53 0 0 0.29 -0.06 -0.04
TOT 3.17 0.41 2.33 1.85 0.23 0.91 -0.05 -0.93 -0.75

corr(YR,t, Y
∗
R,t) 0.17 0.06 0.04

corr(CR,t, C
∗
R,t) 0.31 0.06 0.04

Note: Data moments refer to the period 1980:Q1-1991:Q4;
σX ≡ standard deviation of variable X (percentage points);
corr(Xt, YR,t) ≡ contemporaneous correlation of variable Xt with data-consistent, real GDP;
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.
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Table 1.7. Incomplete markets under fixed exchange rates

σX σX/σYR corr(Xt, YR,t)
Variable Data Model I Model II Data Model I Model II Data Model I Model II
YR 1.06 1.56 2.16 1 1 1 1 1 1
CR 1.02 1.99 1.99 0.97 1.27 0.92 0.71 0.85 0.62
IR 4.13 10.62 12.20 3.91 6.80 5.64 0.85 0.63 0.06
U 14.93 14.57 14.65 14.10 9.33 6.77 -0.39 -0.63 -0.49
XR 3.25 1.77 2.57 3.07 1.13 1.19 0.56 0.71 0.08
IMR 4.95 2.60 6.18 4.67 1.67 2.86 0.89 0.64 -0.42
TBR/YR 1.25 0.44 0.76 1.18 0.28 0.35 -0.67 -0.13 0.51
TOT 2.06 0.47 2.80 1.95 0.30 1.29 0.00 -0.61 -0.74

corr(YR,t, Y
∗
R,t) -0.30 0.13 0.09

corr(CR,t, C
∗
R,t) -0.41 -0.03 -0.03

Note: Data moments refer to the period 1992:Q1-1997:Q4;
σX ≡ standard deviation of variable X (percentage points);
corr(Xt, YR,t) ≡ contemporaneous correlation of variable X with data-consistent, real GDP;
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.
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Table 1.8. Complete markets under flexible exchange rates

σX σX/σYR corr(Xt, YR,t)
Variable Data Model I Model II Data Model I Model II Data Model I Model II
YR 1.51 2.08 2.19 1 1 1 1 1 1
CR 1.98 0.70 0.72 1.31 0.34 0.33 0.74 -0.05 -0.12
IR 4.15 13.77 14.24 2.74 6.62 6.49 0.78 0.40 0.29
U 13.18 13.55 13.57 8.71 6.51 6.18 -0.57 -0.56 -0.53
XR 4.43 4.42 4.94 2.93 2.12 2.25 0.37 0.99 0.71
IMR 5.03 2.57 6.13 3.33 1.24 2.79 0.67 -0.79 -0.59
TBR/YR 1.13 0.88 0.94 0.75 0.42 0.43 -0.47 0.95 0.95
TOT 2.19 1.47 2.92 1.45 0.71 1.33 -0.50 -0.95 -0.72

corr(YR,t, Y
∗
R,t) 0.34 0.21 0.20

corr(CR,t, C
∗
R,t) 0.08 0.69 0.67

Note: Data moments refer to the period 1998:Q1-2007:Q4;
σX ≡ standard deviation of variable X (percentage points);
corr(Xt, YR,t) ≡ contemporaneous correlation of variable X with data-consistent, real GDP;
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.

Table 1.9. Welfare cost of business cycles under different asset markets and monetary
policies

∆Welfare
Financial Autarky Incomplete Markets Complete Markets

Fixed Exchange Rates Fixed Exchange Rates Flexible Exchange Rates
Model I 1.97 2.15 0.25
Model II 4.72 4.29 3.16
∆Welfare ≡ change in welfare cost of business cycles (percentage of steady-state consumption);
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.
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Figure 1.1. Home productivity shock, incomplete markets with flexible exchange rates. Re-
sponses show percentage deviations from steady state. Unemployment and current account
are in deviations from steady state.
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Figure 1.2. Home productivity shock, flexible exchange rates, incomplete markets (solid
lines), financial autarky (dash-dotted lines), complete markets (dashed lines). Responses
show percentage deviations from steady state. Unemployment and trade balance are in
deviations from steady state.
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financial autarky (dash-dotted lines), complete markets (dashed lines). Responses show
percentage deviations from steady state. Unemployment and trade balance are in deviations
from steady state.
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Figure 1.4. Productivity shock under different asset market and exchange rate policy as-
sumptions: financial autarky and fixed exchange rate (dash-dotted lines), incomplete markets
and fixed exchange rate (solid lines), complete markets and flexible exchange rates (dashed
lines). Responses show percentage deviations from steady state. Unemployment and trade
balance are in deviations from steady state.
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Figure 1.5. Terms of trade shock under different asset market and exchange rate pol-
icy assumptions: financial autarky and fixed exchange rate (dash-dotted lines), incomplete
markets and fixed exchange rate (solid lines), complete markets and flexible exchange rates
(dashed lines). Responses show percentage deviations from steady state. Unemployment
and trade balance are in deviations from steady state.
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Chapter 2

EXCESSIVE FIRM TURNOVER IN THE SHADOW OF
UNEMPLOYMENT

2.1 Introduction

Although the role of large firms as drivers of aggregate fluctuations and potential source of

market distortions has been receiving increasing attention in academic and policy literature

(Azar et al., 2017; Di Giovanni and Levchenko, 2012; Gabaix, 2011), very small firms still

represent a significant portion of the economy’s labor market and employ a large total number

of workers in many countries (Figure 2.1). While small in terms of output, these small

businesses play an important role in labor market dynamics.1 This is becoming more relevant

thanks to the recent rise of a “gig economy” in which technology allows individuals to become

“solopreneurs” quite easily. In the United States, “a mix of technology, economic necessity

and adventure is leading more Americans to found companies that plan to stay very small”

(Wall Street Journal, 2016).

Self-employment includes both startups (the successful ones that grow into large entities

not being my focus) and small mom-and-pop businesses. The latter type of firms, which are

more focused on monetary benefits and less on job creation or growth, exist in large numbers

in both advanced and developing economies (Figure 2.2a). In the US, around a third of

business owners report having no better choice of work2 or maintaining income as their main

1Nonemployer firms take up 81% of all firms and yet they contribute slightly over 3% of overall receipts
and sales (US Census, 2016) A nonemployer business is defined as a firm that has no paid employees,
has annual receipts of over $1,000 ($1 for construction), and is subject to federal income taxes. Most of
nonemployer businesses are self-employed individuals running very small and unincorporated businesses
(US Census Nonemployer Statistics, 2019).
2The Global Entrepreneurship Monitor Adult Population Survey (GEM APS, 2019) defines them as
necessity-driven businesses.
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motive, and more than half respond that they view entrepreneurship as a source of income

(Table 2.1). These firms operate in industries with relatively low profits and high shutdown

rates. They remain small and hire no other employees; hence they do not participate in the

labor market. Moreover, their number fluctuates over the cycle as conflicting forces interact:

Economic expansions create more incentive to start a business due to higher demand by

consumers (entrepreneurial effect) but, at the same time, expansions dampen the need of

self-employment since it is easier to find work (refugee effect; Thurik et al., 2008). In the

US, the entrepreneurial effect is stronger, and self-employment rises in periods of expansion

(Table 2.2).

Motivated by this evidence, the goal of this paper is to study the role of solopreneurship

(or self-employment) for macroeconomic dynamics, efficiency, and the outcomes of structural

reforms intended to facilitate producer entry in the economy. The central concept on which

I rely to accomplish my goal is that of self-employment as an occupational choice. I explore

why workers have an incentive to start small businesses—despite entry costs and the risk

of low profit and high chance of shutting down—and how these individual decisions can

contribute to inefficient resource allocations.

I introduce self-employment as an occupational choice in a two-sector, dynamic general

equilibrium model of the economy: One sector (the “hiring sector”) is populated by monop-

olistically competitive firms that hire workers subject to search-and-matching frictions in

the labor market to produce output as in Diamond (1982b) and Mortensen and Pissarides

(1994). The other sector (the solopreneurs sector) consists of self-employment (one-person)

firms that use the output of the first sector as input to produce their own output (think of

it as services). Different from the conventional search-and-matching setup where workers al-

ways look for a job until hired, an unemployed worker can either choose to stay in the labor

market and keep searching for a job or pay an entry cost and become a new solopreneur
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firm.3 Solopreneurs have lower monopoly power than firms in the hiring sector, they are

characterized by a different (plausibly, lower) level of average productivity, and they fail at a

higher rate. New firms can be created endogenously in both sectors subject to sunk costs of

business creation. These costs are a combination of technological requirements for producer

entry, which a planner would take as given, and regulatory barriers to entry.

I calibrate the model to match U.S. macroeconomic and labor market, and I show that the

theoretical framework results in an empirically-consistent 7.4% of employment coming from

self-employment. As in U.S. data, self-employment is procyclical: Even though an economic

boom implies a higher job finding probability for the unemployed, the potential profit from

entrepreneurship also rises. Consequently, we observe a shift in the composition of total

employment toward self-employment. For hiring firms, it becomes harder to fill vacancies

since much labor has exited the unemployment pool and joined the market as enterprises,

while hired workers benefit from a further increase in wages. Total household income rises

as wages are higher and more family members are employed in one or the other sector.4

Consumption and output increase by more when the economy features self-employment than

without, and unemployment falls by more as some household members escape unemployment

by becoming business owners. However, this results in increased volatility of the economy

as the size of the self-employment sector rises, and a larger welfare cost of business cycles.

By comparing the outcome of the decentralized economy to that chosen by a benevolent

social planner, I show that additional inefficiency wedges emerge along the margins of job

creation and product creation in both sectors relative to a model without self-employment.

Decentralized occupational choice introduces additional sources of inefficiency because the

self-employed do not take into account the impact they have on labor market tightness when

3Only the unemployed’s choice of self-employment is mentioned here because under reasonable calibration,
the model endogenously shows that the employed would not want to give up their current job and switch
to self-employment.
4As in Andolfatto (1996) and Merz (1995), I assume that there is a representative household with members
employed by hiring firms, self-employed members, and unemployed members. Household members pool
their incomes so they all have the same consumption.
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entering nor the effect they have on consumption when using hiring sector goods as input.

Moreover, the hiring firms, when posting vacancies, do not consider the present discounted

value of self-employment. In other words, self-employment as a decentralized occupational

choice becomes an additional source of distortions and inefficiency.

Incorporating the concepts of regulatory barriers and solopreneurship as occupational

choice in my model also allows me to study the role of self-employment for the outcomes

of structural reforms intended to facilitate business creation. Among others, calls for such

reforms to boost feeble economic growth especially after the 08-09 global financial crisis

have been made in multiple occasions by former ECB President Mario Draghi or by the

IMF—for instance, in its April 2016 and October 2019 World Economic Outlook. The

standard argument is that lowering barriers to entry in product markets should improve

economic performance by leading to more competition and lower prices, along with more

demand for labor and a fall in structural unemployment. Abundant literature has studied the

topic5, but—to the best of my knowledge—no one yet has studied the dynamic consequences

and welfare effects of facilitating entry in the “gig economy,” or how the consequences of this

reform would compare to those of reforms of the hiring sector. The final part of this paper

shows that success of product market reforms depends on whether the targeted firms hire

actively and produce differentiated enough goods.

Specifically, I show that cutting red tape that interferes with entry by hiring firms is more

effective than facilitating entry by soloprenuers, as creation of hiring firms has a larger impact

on total job creation and employment. Deregulation of the solopreneur sector is more effective

when its productivity is relatively lower, because the associated increase in demand of hiring

sector output to produce a given amount of solopreneur output is larger. Deregulation of both

sectors is more effective when solopreneurs are able to produce more distinctive outputs and

therefore have sufficiently high monopoly power. Finally, labor market reforms that facilitate

job creation in the hiring sector are more beneficial than solopreneurship deregulation.

5See Section 2.2 for more details.
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The rest of the paper is organized as follows. Section 2.2 reviews related previous research.

Section 2.3 presents the model. Section 2.4 analyzes the sources of inefficiency in the model by

comparing its decentralized outcome to the solution of the social planner problem. Section 2.5

discusses the calibration. Section 2.6 studies the implied business cycle dynamics. Section 2.7

discusses the implications of various structural reforms. Section 2.8 concludes.

2.2 Related Literature

My paper relates to the recent literature on occupational choice with entrepreneurship as a

selection. I expand on a dynamic stochastic general equilibrium model with endogenous entry

and search and matching frictions to explore its impact on the business cycle dynamics. To

my knowledge, incorporating firm creation as an occupational choice in a dynamic framework

and focusing on its macroeconomic impact has been scarce, which is where my contribution

lies in. This paper also adds to the discussion on structural reforms by accounting for the

existence of self-employment and how it influences the effectiveness of the relevant policies.

One of the popular theoretical models for explaining entrepreneurship is that of occupa-

tional choice. The workforce becomes divided into two groups as some “choose” to become

business owners, whether it is to make use of their entrepreneurial abilities (Lucas, 1978),

exploit business opportunities (Holmes and Schmitz, 1990), or to trade off risk and returns

(Kihlstrom and Laffont, 1979, following Knight, 1921). Instead of focusing on the business

owner’s personal characteristics as done by Schumpeter (1911), Knight (1921), and Oxen-

feldt (1943), in my paper the choice is based on comparing wage earned as paid employee

and the future expected profit as a business owner (Creedy and Johnson, 1983; Acs and

Audretsch, 1989; Geroski, 1995). However, due to the existence of search and matching

frictions, the choice is dependent on the endogenous probability of being matched as a paid

worker in the labor market (Fonseca et al., 2001; Poschke, 2013, 2018). As a result, I focus

more on what Lucas (1978) refers to as “marginal entrepreneur,” who is indifferent between

entrepreneurship and paid employment.

Switching to self-employment is costly in my model but not necessarily a binding con-
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straint, as long as the expected future stream of profits are enough to cover the sunk entry

cost. This approach differs from papers that explore the entrepreneurial choice under finan-

cial constraints, stemming from Fazzari et al. (1988) to Evans and Jovanovic (1989), Ghatak

et al. (2001), Banerjee and Newman (1993), and Shapiro and Mandelman (2016), to name

a few. However, this does not imply entrepreneurs inherently struggle to obtain credit, as

shown by Levenson and Willard (2000) and Parker and van Praag (2004). I follow the latter

stream of thought for two reasons. First, technology allows individuals to become business

owners at a low cost, as mentioned in the introduction. Furthermore, the relationship be-

tween entrepreneurship and getting credit is modest as shown by Figure 2.2b. By allowing

the possibility of being hired in the labor market, this paper explains how there still might

be competing incentives for business creation, despite high costs for entry or difficulties of

obtaining credit. It also helps explain the puzzle of empirically observing high entry barriers

along with high entry rates, posed by Geroski (1995).

Many empirical papers have touched on the cyclicality of self-employment but with no

set consensus. Positive changes in the returns and environment of entrepreneurship boosts

firm entry (entrepreneurial effect; Rees and Shah, 1986; Rampini, 2004; Fonseca et al., 2001).

At the same time, lower employment from an economic boom implies lower motivation for

workers to start their own business (refugee effect; Koellinger and Thurik, 2011; Thurik

et al., 2008). Thus, the cyclicality of self-employment depends on which effect dominates,

also shown by the empirical evidence from Table 2.2. By introducing a DSGE framework,

this paper shows both forces in effect, but that the entrepreneurship effect dominates when

calibrated for the US economy, consistent with the data.

The theoretical model used here follows the recent thread of literature in macroeconomics

and international economics that stem from microeconomic foundations to study short-run

business cycle fluctuations (Bilbiie et al., 2012; Cacciatore and Fiori, 2016; Ghironi and

Melitz, 2005). Search and matching frictions in the labor market are introduced following

Diamond (1982b) and Mortensen and Pissarides (1994) as real business cycle models do not

focus on unemployment. The joint modeling of endogenous entry and labor market frictions
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is along the lines of Cacciatore (2014). Using this theoretical framework, my paper presents

how a significant amount of employment coming from self-employment can induce a more

volatile business cycle dynamics and inefficiency in the aggregate economy.

Lastly, this paper contributes to the ongoing discussion on structural reforms by consid-

ering different types of entrepreneurship when evaluating the effectiveness of deregulation in

labor and product markets. The consequence of structural reforms depend on various factors

such as type of reforms, timing, and relationship with other policies (Campos et al., 2017).

Blanchard and Giavazzi (2003) shows that such deregulation leads to lower unemployment

in the long run, although for labor market deregulation there can be a trade-off in the short

run, which is also supported by Cacciatore et al. (2016) and Cacciatore and Fiori (2016).

Everaert and Schule (2008) suggest that coordinating reforms across markets and countries

can be beneficial. Fiori et al. (2007) looks at the relationship between product and labor

market deregulations. I add to the literature by showing how reforms have a larger effect

when they target actively hiring firms or those that produce more differentiated goods.

2.3 The Model

To focus on the unemployed’s choice between continuing to look for a hired job and starting

one’s own business, I construct a closed economy model where two sectors exist. The hiring

sector consists of firms that hire workers from the labor market to produce. Thus these firms

are subject to search and matching frictions. The other sector has self-employed firms that

do not hire any other employees and produce using the basket of standard sector goods as

intermediate goods. Variables related to the standard sector are denoted by subscript h (for

hiring) and variables from the self-employment sector are denoted by subscript s (for self-

employment). All contracts and prices are written in nominal terms and prices are flexible.

Thus I solve for real variables and money is only a unit-of-account as in the cashless economy

of Woodford (2003).
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2.3.1 Households

There exists a unit mass of atomistic, identical households. Each household is considered

as a large extended family with a continuum of members along a unit interval. Whether

how many family members work in equilibrium depends on the labor matching process and

the free entry condition in self-employment. Once each family member earns some type of

income, they pool all their earnings and there is full consumption sharing between employed

and unemployed members (Andolfatto, 1996).

The representative household maximizes the expected intertemporal utility function:

Et
∞∑
j=t

βj−t

[
C1−γ
j

1− γ

]
(2.1)

where β ∈ (0, 1) is the discount factor and 1/γ is the intertemporal elasticity of substitution.

The representative household’s composite consumption basket Ct is an Armington aggregator

of goods produced in two sectors – hiring sector (CH,t) and self-employed sector (CS,t):

Ct =

[
(1− α)

1
φC

φ−1
φ

H,t + α
1
φC

φ−1
φ

S,t

] φ
φ−1

(2.2)

where (1−α) ∈ (0, 1) is the degree of bias towards goods from hiring sector and φ > 0 refers

to the elasticity of substitution between CH,t and CS,t.

By defining output as sum of price times quantity from both sectors, the corresponding

price index is given as:

Pt =
[
(1− α)P 1−φ

H,t + αP 1−φ
S,t

] 1
1−φ (2.3)

where PH,t and PS,t refer to price of sectoral output.

The sectoral output bundle consists of a continuum of goods – H and S – from each sector

respectively in a Dixit-Stiglitz fashion, where θS > θH > 1 is the elasticity of substitution
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across different varieties:

CH,t =

[∫
h∈H

yt(h)
θ−1
θ dh

] θ
θ−1

, CS,t =

[∫
s∈S

yt(s)
θ−1
θ ds

] θ
θ−1

(2.4)

Note that θS is set greater than θH to incorporate the relatively weaker monopoly power in

the self-employment sector.

At any period, while the household wants to consume goods in H and S, only a subset

of goods Ht ∈ H and St ∈ S is available in each sector. Therefore, the price of each sectoral

output bundle, or the price sub-index, is given as:

PH,t =

[∫
h∈Ht

pt(h)1−θHdh

] 1
1−θH

, PS,t =

[∫
s∈St

pt(s)
1−θSds

] 1
1−θS

(2.5)

where pt(h) and pt(s) are the prices of each variety in hiring and self-employment sector

respectively.

The household’s demand for the hiring sector’s good h and the self-employed sector’s

good s is given by:

yt(h) = (1− α)

(
pt(h)

PH,t

)−θH (PH,t
Pt

)−φ
Yt (2.6)

yt(s) = α

(
pt(s)

PS,t

)−θS (PS,t
Pt

)−φ
Yt (2.7)

Real prices can be defined at both the firm level and the sectoral level as:

ρh,t ≡ pt(h)/PH,t ρs,t ≡ pt(s)/PS,t (2.8)

PH,t ≡ PH,t/Pt PS,t ≡ PS,t/Pt (2.9)

which then can be used to simplify the expressions for the demand functions as yt(h) =

(1 − α)ρ−θHh,t P
−φ
H,t Yt and yt(s) = αρ−θSs,t P

−φ
S,t Yt. This also allows me to write the model

equations in real variables only.
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2.3.2 Hiring Sector Firms

There is a continuum of monopolistically competitive firms in the standard hiring sector.

Each produces a different variety h and are all subject to idiosyncratic sectoral productivity

shock ZH,t respectively. For simplicity I assume there is no heterogeneity in firms’ pro-

ductivity. This implies that all firms are identical to each other and I can drop the index

h.

Hiring firms follow a linear production function that requires only labor, hired from the

labor market: yt(h) = ZH,tlh,t, where ZH,t is the aggregate productivity of the hiring sector.

A firm produces goods that are sold at a real price ρh,t. To produce, the firm requires

workers, coming from either the pool of incumbent workers or from new matches it obtains

from posting vacancies.

Labor Market

Job creation is subject to searching frictions in the labor market. The matching function is

given asM(Ut, Vt) = χU ξ
t V

1−ξ
t , where χ shows the efficiency of the matching process and 0 <

ξ < 1 is the matching elasticity. This constant-returns-to-scale function converts aggregate

vacancies and aggregate unemployed workers into aggregate matches. The probability of a

firm filling a vacancy is defined as q(θt) ≡Mt/Vt. The probability of an unemployed worker

being matched to a firm is given as ι(θt) ≡ Mt/Ut. This implies that I can rewrite them as

a function of labor market tightness, θt ≡ Vt/Ut. If the labor market is tighter (higher θt), it

implies that workers have an easier time finding a job.

The amount of workers that produces each period depends on the exogenous firing rate

λ ∈ (0, 1) and the number of vacancies that are filled. In every period, a fixed fraction λ

of workers is fired. To hire new workers, a firm posts vacancies of vt, out of which only qtvt

are actually filled. Following Krause and Lubik (2007), the newly hired matches become
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productive immediately. This gives the law of motion for employment in each firm:

lh,t = (1− λ)lh,t−1 + qtvt (2.10)

In sum, in each period, a firm chooses real price of the good (ρh,t), labor (lh,t), and number

of vacancies to post (vt) to maximize its intertemporal stream of profits subject to equations

(2.6), (2.10), and the production function:

Et
∞∑
j=t

βt,j

{
ρh,j PH,t yj(h)− wjlh,j − κvj

}
(2.11)

Out of the revenue that the firm obtains, ρh,jyj(j), it pays the workers the wage and the real

cost of posting a vacancy, κ, for each vacancy posted. βt,j is the stochastic discount factor,

defined as βt,j ≡ βj−t (uC,j/uC,t).

Solving for the first-order conditions with respect to lh,t and vt yields the following equa-

tion:

κ

qt
= ϕh,tZH,t − wt + (1− δH)(1− λ)Et βt,t+1

κ

qt+1

(2.12)

where ϕh,t is the real marginal cost of production. This is the job creation equation of a

firm. Each firm posts vacancies and hires workers until the marginal cost of posting a vacancy

equals its marginal benefit. By hiring one extra worker, the firm enjoys marginal revenue

product (ϕh,tZH,t) net of the wage it pays. It also saves the vacancy cost next period if the

match survives the exogenous firing rate, shown by the last term on the right- hand side of

the equation.

Furthermore, the first-order condition gives the optimal pricing equation of the hiring

firms, ρh,t =
(

θH
θH−1

)
ϕh,t
PH,t

, which shows firms putting constant markup over the real marginal
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cost. Consequently, the real profit of the hiring firm can be written as:

dh,t = (ρh,tPH,t−ϕh,t) yt(h)

=
1

θH

[
(1− α)ρ1−θH

h,t P
1−φ
H,t Yt + ρ1−θH

h,t PH,tMs,tNS,t

]
(2.13)

Endogenous Firm Entry

The number of products available is endogenously determined every period. To create a

new variety, the entrant has to pay a sunk entry cost of fEH,t. The entry cost has three

components – regulation cost (frh), technological cost for business creation (fTh), and cost

of posting vacancies to hire enough workers to start producing. The latter cost is due to

the entrants needing to build up initial stock of workers to produce. Thus the entry cost

for a hiring firm is fEH,t ≡ frh + fTh + κvE,t, where vE,t is the number of vacancies posted

by new entrants. Since the new entrants are identical to the incumbent firms, the stock of

labor needed is also lh,t. Combined with the timeline of firms, the vacancies posted by new

entrants, vE,t, is equal to lh,t/qt−vt. Due to labor market tightness being time dependent, the

entry cost for new entrants in the hiring sector changes over time. There is no time-to-build

lag and new entrants start producing in the same period.

Prospective entrants are forward-looking and calculate their expected post-entry value

of becoming an entrepreneur based on future stream of profits and exogenous exit rate,

δH ∈ (0, 1). Then the value of a hiring firm is:

eh,t = dh,t + Et

[
∞∑

j=t+1

(1− δH)j−tβt,jdh,j

]
(2.14)

Entrants enter only when this value of firm is enough to cover the sunk entry costs, leading

to the free entry condition fEH,t = eh,t. Once they enter, they continue to produce until they
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are hit by the death shock, δH , and exit. This gives rise to the law of motion for hiring firms:

NH,t = (1− δH)NH,t−1 +NHE,t (2.15)

where the number of producing firms is determined by the number of incumbents that survive

the death shock and new entrants in the period.

2.3.3 Self-Employment Sector Firms

Firms in the self-employment sector are assumed to stay small with no other employees.

Therefore, they do not participate in the labor market. Instead, they use the basket of goods

from the hiring sector as intermediate goods for production: yt(s) = ZS,tMs,t. ZS,t is the

aggregate productivity of self-employed sector and Ms,t is the amount of of hiring sector

goods basket used as intermediate goods.

The self-employed chooses ρs,t to maximize profits each period:

max ρs,tPS,t yt(s)− PH,tMs,t (2.16)

The profit maximization problem for these firms is a static one since these businesses do not

have a stock of labor as the hiring firms. From the first-order condition, the optimal pricing

equation is obtained:

ρs,t =

(
θS

θS − 1

)
PH,t

PS,t ZS,t
(2.17)

where PH,t /Zs,t is the real marginal cost of the self-employed, defined as ϕs,t. As a result,

the real profit for the self-employed is given by:

ds,t = (ρs,tPS,t−ϕs,t) yt(s)

=
1

θS
αρ1−θS

s,t P
1−φ
S,t Yt (2.18)
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Endogenous Firm Entry

Like hiring firms, self-employed firms enter until one-time entry cost is equal to the future

stream of benefits. The value of a self-employed firm is the current and future expected

stream of profits:

es,t = ds,t + Et

[
∞∑

j=t+1

(1− δS)j−tβt,jds,j

]
(2.19)

Only when this value of self-employment is enough to cover the entry costs will an unemployed

worker enter the market. Thus the free entry condition for necessity-driven enterprises is

frs + fTs ≡ fES = es,t. Notice that for the self-employed, the entry cost only consists of the

regulation cost and technology cost since they do not participate in the labor market.

Similar to the hiring firms, the self-employed become productive in the same period they

enter. Once the entrepreneurs start a business, they continue to produce until hit by the

death shock δS ∈ (0, 1). Empirical evidence suggests that the necessity-driven businesses

are more likely to choose industries prone to low entry barriers and high exit rates. To

incorporate this characteristic, the exit rate for the self-employed sector is set higher than

that of the hiring sector.

There is no endogenous choice by the incumbent self-employed to exit the market. Even

if business owners are allowed to do so voluntarily and join the unemployment pool, under

reasonable calibration the surplus from continuing as an entrepreneur is always larger that

that of exiting and searching for hired work. Then the law of motion for self-employment is:

NS,t = (1− δS)NS,t−1 +NSE,t (2.20)

Because of the assumption of one-man firm that I made earlier, the law of motion of employ-

ment for the self-employed is equivalent to the law of motion for firms in the self-employment

sector.

The timing of events is as the following. In any given period t, at the start of the
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period matches are exogenously separated and are added to the existing unemployment

pool. Aggregate shocks are realized in both sectors. The new entrants pay sunk entry cost

and enter. Standard sector firms post vacancies and matching occurs. After the hiring round,

all active firms in both sectors produce. Finally, a portion of the firms are hit by the relevant

death shocks and ceases to exist.

2.3.4 Labor Market

The labor market in this paper has three states for the worker: employed, unemployed, and

self-employed. The employment status for a family member in each period is determined

endogenously. This process is described in Figure 2.3. If a worker is employed this period,

he either continues to be employed next period or is fired. As an unemployed worker, one

can choose between searching for a wage-paying job and self-employment. If already self-

employed, he is exposed to the same death shock as any other firm.

It is possible to depict the same figure using Bellman equations. The value for a worker

from employment can be written as:

Wt = wt + Et βt,t+1

[
(1− δH)(1− λ)Wt+1

+ {1− (1− δH)(1− λ)}max(Uu,t+1,−fES + St+1)
]

(2.21)

If employed, the worker gains wage and the discounted continuation value of being employed

next period only if he is not fired and the firm survives the death shock. What happens

if the worker is fired? In the standard Diamond-Mortensen-Pissarides model, the worker

is added to the pool of unemployed workers. However, here the unemployed can choose

between staying in the labor market and keep searching for hired work or paying sunk entry

cost to become an entrepreneur. Which option the worker chooses depends on the value of

unemployment and starting self-employment. The value of unemployment is written as the
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following:

Uu,t = ub + Et βt,t+1

[
(1− δH)ιt+1Wt+1

+
{

1− (1− δH)ιt+1

}
max(Uu,t+1,−fES + St+1)

]
(2.22)

If a worker is unemployed, she receives unemployment benefits of ub. With probability

ιt+1 next period, the worker is matched to a firm and gains value from employment. If not

matched, the worker again faces the possibility of switching to self-employment.

Since I assume that the self-employed becomes productive right away, if the unemployed

decides to start one’s own business, she pays the entry cost and earns the value from self-

employment beginning today (−fES + St). The value of being self-employed is determined

by the expected future stream of profits and the probability of exiting the market, δS:

St = ds,t + Et βt,t+1

[
(1− δS)St+1 + δS(1− δH)ιt+1Wt+1

+
{

1− δS(1− δH)ιt+1

}
max(Uu,t+1,−fES + St+1)

]
(2.23)

After earning profit ds,t from the business, she continues as a business owner if she is not hit

by the death shock. Once the self-employed is hit by the death shock, she joins the pool of

unemployed workers right away. In this case, she can try to be matched to a hiring firm. If

this is unsuccessful, it is again up to the worker’s decision to either stay in the labor market

as an unemployed worker or start one’s own firm again.

Wage Setting

The worker’s surplus for being matched is defined as SWt ≡ Wt − max (Uu,t,−fES + St),

depending on the outside option of the worker. Because both the unemployed and self-

employed exist in the economy, Uu,t = −fES + St needs to be satisfied in equilibrium. This

implies the surplus of a match for the worker can be simply written as SWt ≡ Wt − Uu,t.
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Then the expression for worker’s surplus becomes:

SWt = wt − ω̄h,t + (1− δH)(1− λ)Et βt,t+1S
W
t+1 (2.24)

where the worker’s outside option is the sum of unemployment benefits today and ex-

pected value coming from the possibility of being matched next period: ω̄h,t = ub + (1 −

δH)Et βt,t+1ιt+1S
W
t+1.

If a hiring firm successfully fills a vacancy by being matched to a worker, the surplus it

obtains can be written as the following:

SFt = ϕh,tZH,t − wt + (1− δH)(1− λ)Et βt,t+1S
F
t+1 (2.25)

Once a worker is hired, the firm gains marginal revenue product and pays real wage. Surplus

from the match continues next period only if the worker survives through the exogenous

firing rate λ.

I assume Nash bargaining as the wage setting rule. Once a firm and a worker are matched,

they split the joint surplus (SWt )
η
(SFt )

1−η according to their bargaining power. Put differ-

ently, the Nash bargaining maximizes the joint surplus with respect to wt. Then the first

order condition implies the bargaining solution is ηSFt = (1 − η)SWt , where η ∈ (0, 1) is

the worker’s bargaining power. From this I obtain the bargained wage, which is a weighted

average of the marginal revenue product and the worker’s outside option:

wt = ηϕh,tZH,t + (1− η)ω̄h,t (2.26)

Note that a hired worker has no incentive to switch to self-employment, as long as the

surplus from the match is positive. Since in equilibrium the value of unemployment is equal to

that of self-employment, the surplus from being matched for an unemployed worker (SWt ) is

equal to the surplus from the match for the newly self-employed (SSt ≡ Wt−{−fES + St}). As

long as SWt > 0, value of employment is always greater than that of becoming self-employed.
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Budget Constraint of the Household

The extended family in the representative household have three types of family members:

hired in the standard sector (Lh,t), self-employed (NS,t), and unemployed. The employed

members in the hiring sector earn real wage wt. The self-employed earns profits ds,t as their

income. Both the hired and self-employed are considered as employed: Lt ≡ LH,t + NS,t =

lh,tNH,t+NS,t ∈ [0, 1]. The rest, 1−Lt, earns unemployment benefits of ub, financed by lump-

sum taxes from the government (Tt = (1 − Lt)ub). Note that because the family members

are in the unit interval, Lt is equal to the employment rate.

The household starts the period with xt shares of mutual funds of (1− δH)NH,t−1 incum-

bent hiring firms. The share holdings can be sold for eh,t. Thus eh,txt(1− δH)NH,t−1 enters

the budget constraint as income. During the same period, the household purchases shares

for the next period, xt+1, by paying eh,t to finance entry and continued production in the

hiring sector. Since new entrants become productive in the same period, all existing firms

pay dividends, dh,txt+1NH,t. Note that there is no shareholdings for self-employed firms but

the household still pays the entry costs.

Out of the total income that the household members earn through different channels,

some are used to pay taxes and finance the entry cost of entrants in both sectors. The rest

goes towards consumption. Then the budget constraint of the household can be written as

the following:

Ct + Tt + eh,tNH,txt+1 + fESNSE,t

= wtlh,tNH,t + ds,tNS,t + ub(1− Lt) + eh,txt(1− δH)NH,t−1 + dh,txt+1NH,t (2.27)

The first order condition with respect to xt gives the Euler equations for the value of the

hiring firm:

eh,t = dh,t + (1− δH)Et βt,t+1eh,t+1 (2.28)
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The expressions for eh,t in (2.14) can be obtained through forward iteration of the Euler

equation above if we do not allow any speculative bubbles.6

2.3.5 Closing the Model

Once the sectoral basket of goods (YH,t and YS,t) are produced, perfectly competitive retailers

combine them to produce a final good Yt. This final good is written as the following:

Yt =

[
(1− α)

1
φYH,t

φ−1
φ + α

1
φY

φ−1
φ

S,t

] φ
φ−1

(2.29)

Aggregate output is used for consumption after financing entry costs in both sectors and

vacancy posting costs:

Yt = Ct + κVt + (frs + fTs)NSE,t + (frh + fTh)NHE,t (2.30)

where vacancies are posted by both incumbents and entrants in the hiring sector (Vt =

vtNH,t + vE,tNHE,t). Unemployment in the economy is:

Ut ≡ 1− (1− λ)Lh,t −NS,t (2.31)

In equilibrium, aggregate price index satisfies:

1 = (1− α)P1−φ
H,t +αP1−φ

S,t (2.32)

where:

PH,t =

(
pt(h)

Pt

)
N

1
1−θH
H,t , PS,t =

(
pt(s)

Pt

)
N

1
1−θS
S,t (2.33)

6There are no share holdings for the self-employed firms. However, one can assume there is a mutual fund
of the self-employed and solve for the first order condition to find the Euler equation for the value of a
self-employed firm.
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In each sector, supply of goods should equal the demand for those goods. While the self-

employment sector only serves the household, the hiring sector supplies to both the household

(through consumption) and the self-employed (through intermediate goods). Thus output

clearing in each sector is written as:

ZH,tlh,t = (1− α)ρ−θHh,t P
−φ
H,t Yt + ρ−θHh,t Ms,tNS,t (2.34)

ZS,tMs,t = αρ−θSs,t P
−φ
S,t Yt (2.35)

Aggregate number of posted vacancies are Vt = vt – vacancies only come from the standard

sector since entrepreneurs out of necessity do not hire any other workers. Productivity shocks

in both sectors follow AR(1) processes in logs:

ZH,t = ρHZH,t−1 + εZH,t, εZH,t ∼ N(0, σ2
ZH) (2.36)

ZS,t = ρSZS,t−1 + εZS,t, εZS,t ∼ N(0, σ2
ZS) (2.37)

Table 2.3 summarizes the main equations of the model. The model is a system of 33

equations and 33 variables: Ct, lh,t, Ut, Vt, NS,t, NSE,t, NH,t, NHE,t, vE,t, vt, eh,t, dh,t, es,t,

ds,t, wt, ω̄h,t, ω̄s,t, ϕh,t, ϕs,t, feh,t, ρh,t, ρs,t, PH,t, PS,t, yh,t, ys,t, YH,t, YS,t, Yt, Ms,t, Mt, ιt, qt.

Data-Consistent Variables

While in the model the household prefers consuming various goods, this variety effect is not

included in the actual data. To correct for this, I follow a similar approach as Cacciatore

et al. (2017) and set up a data-consistent price index P̃t using deflator Ωt:

P̃t ≡ Ω
1

φ−1

t Pt (2.38)

Ωt ≡ (1− α)N
1−φ

1−θH
H,t + αN

1−φ
1−θS
S,t (2.39)
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Then for any real variable Xt in units of consumption, the equivalent data-consistent real

variable can be constructed as X̃t ≡ PtXt/P̃t = XtΩ
1

1−φ
t . The second moments of the model

are found using the data-consistent variables.

2.4 The Planner’s Solution and the Determinants of Inefficiency

To discuss efficiency of the decentralized economy, one needs to compare it to a first-best al-

location. This is done by looking at the hypothetical centralized economy where a benevolent

social planner chooses the allocation that maximizes social welfare.

As explained in detail in Appendix G, the social planner chooses {CH,j, CS,j, LH,j, NS,j,MS,j,

Vj}∞j=t to maximize the intertemporal utility function (eq. (2.1)) subject to the following con-

straints:

LH,t = (1− λ)LH,t−1 + χ(1− (1− λt)LH,t −NS,t)
ξV 1−ξ

t (2.40)

Yt = Ct + κVt + (frh + fTh) {NH,t − (1− δH)NH,t−1}

+ (frs + fTs) {NS,t − (1− δS)NS,t−1} (2.41)

ρ(NH,t)ZH,tLH,t = CH,t +Ms,tNs,t (2.42)

ρ(NS,t)ZS,tMs,tNS,t = CS,t (2.43)

where expressions for Ct and Yt are

Ct =

[
(1− α)1/φC

φ−1
φ

H,t + α1/φC
φ−1
φ

S,t

] φ
φ−1

(2.44)

Yt =
[
(1− α)1/φ(ZH,tLH,t)

φ−1
φ + α1/φ(ρs,tNS,tZS,tMs,t)

φ−1
φ

] φ
φ−1 (2.45)

The efficient allocations are determined by the four equations below – each representing

the marginal rate of substitution between two sector goods, job creation, and free entry

condition for hiring and self-employed sector respectively – derived from the first-order con-
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ditions:

ξH,t
ξS,t

=

(
αCH,t

(1− α)CS,t

)−1/φ

(2.46)

κ

qt
= (1− ξ)ρ(NH,t)ZH,t

[
At

(
CH,t

(1− α)Ct

)−1/φ

+

(
ρ(NH,t)ZH,tLH,t

(1− α)Yt

)−1/φ
]

− (1− λ)ξιt
κ

qt
+ (1− λ)(1− δH)Et βt,t+1

(
1 + At

1 + At+1

)
κ

qt+1

(2.47)

frh + fTh =
θH

θH − 1
ρ(NH,t)ZH,tlh,t

[
At

(
CH,t

(1− α)Ct

)−1/φ

+

(
ρ(NH,t)ZH,tLH,t

(1− α)Yt

)−1/φ
]

+ (1− δH)Et βt,t+1

(
1 + At

1 + At+1

)
(frh + fTh) (2.48)

frs + fTs =
θS

θS − 1
ρ(NS,t)ZS,tMs,t

[
At

(
CS,t
αCt

)−1/φ

+

(
ρ(NS,t)NS,tZS,tMs,t

αYt

)−1/φ
]

− At
(

CH,t
(1− α)Ct

)−1/φ

Ms,t −
ξ

1− ξ
ιt
κ

qt
+ (1− δH)Et βt,t+1

(
1 + At

1 + At+1

)
(frs + fTs)

(2.49)

where At is defined as:

At ≡
(
CS,t
αYt

)1/φ
[

1

ρ(NS,t)ZS,t

(
CH,t

(1− α)Ct

)−1/φ

−
(
CS,t
αCt

)−1/φ
]

(2.50)

This At is zero when the marginal product from self-employed is equal to the marginal rate of

substitution between hiring and self-employed sector goods (ρ(NS,t)ZS,t = (αCH,t/(1− α)CS,t)
1/φ).

This result stems from the fact that one more unit of hiring sector good utilized as interme-

diate goods implies one less unit available for final goods consumption of the household.

There are three possible margins where inefficiency wedges can arise: job creation margin

and product creation margin in hiring and self-employed sectors. Margins for both the

decentralized and centralized economies are described in Table 2.6. The wedges can be

analytically found by subtracting the right-hand side of allocation conditions of the social

planner from that of the decentralized economy. As a result, the inefficiency wedge along
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the job creation margin is written as:

ΣJC,t =
qt
κ

[
(ϕh,tZH,t − wt)− (1− ξ)ρ(NH,t)ZH,t

{
At

(
CH,t

(1− α)Ct

)−1/φ

+

(
ρ(NH,t)ZH,tLH,t

(1− α)Yt

)−1/φ
}]

+ (1− λ)ξιt + (1− δH)(1− λ)Et βt,t+1

(
1− 1 + At

1 + At+1

)
qt
qt+1

(2.51)

Similarly, the inefficiency wedges along the product creation margins in hiring (ΣPCH,t)

and self-employed (ΣPCS,t) sectors are:

ΣPCH,t =
1

frh + fTh

{
1

θH
ρ(NH,t)PH,t ZH,tlh,t − κ

(
lh,t
qt
− vt

)
− θH
θH − 1

ρ(NH,t)ZH,tlh,t

[
At

(
CH,t

(1− α)Ct

)−1/φ

+

(
ρ(NH,t)ZH,tLH,t

(1− α)Yt

)−1/φ
]}

+ (1− δH)Et βt,t+1

(
eh,t+1

frh + fTh
− 1 + At

1 + At+1

)
(2.52)

ΣPCS,t =
1

frs + fTs

1

θS
ρ(NS,t)PS,t ZS,tMs,t

{
1− θ2

S

θS − 1

ρS,tZS,tMs,t

PS,t

×

[
At

(
CS,t
αCt

)−1/φ

+

(
ρ(NS,t)ZS,tMs,t

αYt

)−1/φ
]}

+
1

frs + fTs

ξ

1− ξ
ιt
κ

qt

+ (1− δS)Et βt,t+1

(
1− 1 + At

1 + At+1

)
(2.53)

What is noticeable here is that even if we assume that the Hosios condition holds (η =

ξ), there exists no monopoly power in both sectors (ρk,t = ϕk,t for k ∈ {h, s}), and no

unemployment benefits (ub = 0), the decentralized economy is not equal to that of the social

planner. For the job creation margin wedge, only when At is equal to zero and 1−α fraction

of output is from the hiring sector is real wage determined as:

wt = ξρh,tZH,t + (1− δH)Et βt,t+1ιt+1
ξ

1− ξ
κ

qt+1

+ ξκθt (2.54)

and the inefficiency wedge is zero.
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This is due to three additional factors stemming from self-employment that exist in the

wedges. First, the self-employed do not take into account the impact they have on the labor

market tightness when entering. If an unemployed worker starts one’s own business, there

is going to be a shrink in the unemployment pool, raising job finding rate and lowering

vacancy filling rate. They also do not consider the impact on the final goods consumption

when using hiring sector goods as intermediates to produce goods in the self-employment

sector. Furthermore, when hiring firms post vacancies, they do not consider the present

discounted value of self-employment that could have been created if the worker had not been

matched to the firm.

2.5 Calibration

I use quarters as periods and set certain parameters according to the standard literature.

Discount factor β is set at 0.99, which is interpreted as an annual real interest rate of

4%. Following Ghironi and Melitz (2005), elasticity of substitution across varieties for the

hiring sector, θH , is equal to 3.8. For the self-employed sector, θS is set to 6.38. This

reflects the relatively low markup in industries (53-68% of manufacturing sector’s markup)

the self-employed often select into, which are transportation, retail trade, and services such

as accommodation and restaurants (Christopoulou and Vermeulen (2012)). The risk aversion

coefficient γ is set at 2. Measuring elasticity of substitution between goods from hiring sector

and self-employed sector is difficult. However, empirical evidence suggests that the majority

of the self-employed produce nontradable service goods and serve only the domestic market.

Thus I use the elasticity of substitution between tradables and nontradables for φ. This

parameter is set at 0.5, following Mendoza (1992). The share of hiring sector goods, 1− α,

is given as 0.3 to reflect the relatively smaller output generated by the self-employed.

To capture the characteristics of the product and labor market, I calibrate parameters

according to the US economy for 1977:Q1 - 2007:Q4. Elasticity of the matching function

ξ is set at 0.5 to match the midpoint of the estimates in Blanchard and Diamond (1989).

Bargaining power of the worker η is equal to 0.5 to satisfy the Hosios condition. This ensures
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that the competitive equilibrium in this economy is efficient. Exogenous separation rate λ

and exit rate for the hiring sector δH are calculated to match the total separation rate. λtot

is set at 0.077, which is slightly higher than the estimates by Hall (2005), to capture the fact

that separation rates are higher for smaller firms (Hobijn and Sahin (2009)).

The exit rates of industries that the self-employed select into most (transportation and

services for the US) are higher compared to the manufacturing sector7. The probability of

exiting is also much higher for smaller firms, around 16% for firms with less than 5 employees

compared to 3-4% for larger sized firms (US Census Business Dynamics Statistics (2016)).

To reflect this, exogenous exit rate δS for the self-employed is set at 0.1, which is twice as

high compared to the hiring sector. Value from unemployment is equal to 90% of steady-

state wage, which includes the average replacement rate of 0.54 of the US reported by OECD

(2019) and the constant disutility from labor. Following Ebell and Haefke (2009b), the fixed

portion of the entry cost (regulation and technological cost) for the hiring sector is calculated

as 5.2 months of lost output. To incorporate the empirical evidence that the self-employed

largely select into industries with lower entry to barrier and produce goods already available

in the economy (Hurst and Pugsley (2012)), the entry cost for the self-employed is lower at

2 months of lost output.

Following the literature, I calibrate the values of matching efficiency χ and cost of posting

vacancies κ to match the unemployment rate and probability of filling a vacancy. The job

finding probability (ι) is set at 0.75 since the median unemployment duration is 6 weeks,

consistent with the findings in Hobijn and Sahin (2009). Probability of filling a vacancy (q)

is set at 0.9, which is in line with Andolfatto (1996). This yields the steady-state level of

self-employed at 7.4% of total employment and the unemployment rate of 9.6%.

Finally, the exogenous aggregate productivity shock for the hiring sector (ZH) and the

self-employed sector (ZS) follow an AR(1) process in logs with persistence of 0.95 and stan-

dard deviation of 0.0072, following the common RBC literature. The benchmark calibration

7In 2016, the exit rates of transportation, communications, electric, gas, and sanitary services sector and
services sector were 10.3% and 8.9% respectively, compared to 6.8% for the manufacturing sector.
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is summarized in Table 2.4.

2.6 Business Cycle Properties

2.6.1 Impulse Responses

Figure 2.4 depicts the response of the economy after a positive temporary productivity shock

in the hiring sector of size one standard deviation (blue solid line). For comparison purposes,

I construct an alternative economy with same parameter values except for the dynamics of

self-employment. Put differently, the number of self-employed stays at the steady-state level

with no entry and exit, similar to the traditional Diamond-Pissarides-Mortensen (DMP)

model. Having such two setups allows me to explicitly observe the change that arises after

including subsistence business as an occupational choice. The responses of this economy

without fluctuations in self-employment is denoted with orange dashed lines. All variables are

in percentage deviations from the steady state except unemployment, which is in deviations

from the steady state.

It is possible to observe the opposite forces on self-employment at work from the impulse

responses. As expected, after an increase in hiring sector’s productivity, output rises. This

gives more incentive to the firms in the standard sector to hire more workers by posting more

vacancies. Because the labor market is tighter, workers have an easier time finding jobs, as

shown by the higher job finding rate. This dampens the refugee effect of self-employment.

However, after the positive productivity shock, more self-employed enterprises are created

due to the environment being more favorable to business creation in general. Put differently,

expected future stream of profits is higher for the self-employed, making it easier for them to

enter. In sum, the entrepreneurial effect is stronger, leading to a procyclical self-employment.

Compared to the case where self-employment channel is shut down, in my benchmark

model, relatively more workers choosing into business creation decreases the unemployment

pool available to the hiring firms. This additional source of firm entry contributes to the

overall volatility of active firms in the economy. It also increases vacancy posting costs and
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hiring firms post vacancies relatively less. At the same time, entry into self-employment

sector pushes demand for hiring sector goods further through the entrepreneurs’ demand for

intermediate goods.

As a result, employment in the standard sector increases by less and wages for the hired

workers end up being higher. Nonetheless unemployment rate falls relatively more since more

workers are employed in the economy – but in the self-employment sector. In other words,

a shift of employment between sectors is observed. As a result, consumption increases by

more under the economy with self-employment.

Figure 2.5 shows the impulse responses after the same positive productivity shock of size

one standard deviation but in the self-employed sector. Overall the magnitudes are smaller

since the self-employed sector is smaller. The effect on the labor market variables are also

more modest due to the self-employed firms being solopreneurs with no other employees.

This will have an effect on the structural reforms (more details in Section 2.7).

2.6.2 Steady State Analysis

For a better understanding of self-employment, it is beneficial to investigate the link between

self-employment and unemployment (more details can be found in Appendix F). In steady

state, the total separation rate is λtot = [δH + λ(1− δH)] (1−NS/L), where NS/L is the

self-employment rate as a fraction of total employment. While lower exit rate in the hiring

sector and exogenous separation rate contribute to a lower separation rate in total, a higher

self-employment rate also leads to a lower λtot (∂λtot/∂(NS/L) < 0).

Since in steady state the number of new matches equals the number of separations in the

labor market, using the relationship λtotL = ιU , I can solve for the steady-state expression

of unemployment rate as the following:

U =
λtot {δH + λ(1− δH)}

(ι+ λtot) {δH + λ(1− δH)} − ιλλtot
(2.55)

Since ∂U/∂λtot > 0, combined with the result on total separation rate, I can show that
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higher self-employment rate brings a lower unemployment rate (∂U/∂(NS/L) < 0). This

relationship is due to the unemployed being able to start producing as self-employed in the

same period, unlike workers in the labor market who need to be matched with probability ι.

The free entry condition for the self-employed states that firms will enter when the value

of the firm is enough to cover the sunk entry cost, where the value of a self-employed firm is:

e =
ds

1− β(1− δS)
(2.56)

Here, only the profit and exit rate matter because free entry depends on accounting profits,

not economic profits. Specifically, higher profits with less probability to go out of business

give more incentive to become entrants in the self-employment sector. Nonetheless, exploring

economic profits is beneficial since it displays how labor market tightness is closely related

to worker’s surplus from self-employment. Defined as the difference between the value as

self-employment and that of unemployment, surplus from self-employment (SSt ≡ St − Uu,t)

in steady state is:

SS =
1

1− β(1− δS)

{
ds −

(
ub +

β(1− δS)(1− δH)ηκθ

1− η

)}
(2.57)

where the expression in the square brackets is the outside option of the self-employed. Since

the unemployed have an easier time finding hired work under a tighter labor market, the

surplus from switching to having one’s own business depends negatively on the labor market

tightness. Unemployment benefits also affect the unemployed’s choice to stay in the labor

market since a worker is no longer considered unemployed once he starts out as a business

owner (this is explored in more detail in the policy exercises done in Section 2.7).

2.6.3 Comparison with Data

Under the calibration described above, Table 2.5 compares the second moments for the main

macroeconomic aggregate variables to those from the US data for the period 1977:Q1 -
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2007:Q48, omitting the global financial crisis. Data for vacancy filling rate is shorter than

other variables since the Job Openings and Labor Turnover Survey (JOLTS) is only available

from 2001. All the data used here are logged, then HP-filtered with smoothing parameter

1600 for quarterly data. In the table, Model I refers to the benchmark model where workers

are allowed to select into self-employment. Model II is the scenario where entry and exit

in the self-employed sector are shut down. As described in Equation 2.3.5, data-consistent

variables are used to find the model-generated second moments (denoted with tildes).

Overall, the second moments generated by the model match those of the main macroeco-

nomic variables fairly closely, with output, consumption, employment, and job finding rate

correctly being procyclical and countercyclical vacancy filling rate. The job finding rate and

vacancy filling rate are not as volatile as what data suggests. Compared to the model without

self-employment, the benchmark model does better in matching the data more closely.

2.6.4 Welfare Cost of Business Cycles

Table 2.7 calculates the welfare cost of business cycles under different economies. I compute

the percentage of steady-state consumption that the household would be willing to give up

to move to a deterministic economy, denoted as ∆BC . Higher ∆BC implies higher welfare

cost from business cycle dynamics. As documented by Schmitt-Grohé and Uribe (2004),

second-order approximation to the policy functions is used to correctly evaluate welfare

under different economies. This is due to the expected value of each variable being equal

to its non-stochastic steady state values. Therefore, to assess the effects of business cycles,

higher order is required. Welfare is calculated as the following:

Et
∞∑
j=t

βj−tU(Cj) =
1

1− β
U

[(
1− ∆BC

100

)
C

]
(2.58)

As shown in Table 2.7, the welfare cost from business cycles is always higher under the

8The series for the job finding rate is slightly shorter, ending at 2004:Q4.
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existence of self-employment dynamics (entry and exit) under both sectoral and aggregate

shocks. Put differently, in the presence of productivity shocks in the hiring sector, the

household in the benchmark model is willing to give up 1.189% of its consumption to move

to an economy with a completely smooth consumption schedule. Such difference comes from

both the mean and variance of consumption and unemployment under the presence of self-

employment. The unemployment pool changes more dynamically due to not only workers

being matched and separated but also from workers entering and exiting through the self-

employed sector. This leads to higher volatility in wages which, combined with profits of the

self-employed, ends up at consumption being more volatile.

2.7 Structural Reforms when Solopreneurs Matter

2.7.1 Product and Labor Market Reforms

Utilizing the model introduced in Section 2.3, it is possible to conduct difference labor market-

and product market-related reforms and study their effects. This is relevant in the current

climate where the debate on structural reforms is still ongoing and solopreneurs are on the rise

(see chapter 3 of World Economic Outlook (2019) for more details on structural reforms).

I examine four possible policies: deregulation in hiring sector and self-employed sector, a

decrease in unemployment benefits and worker’s bargaining power. Here, deregulation is

defined as a permanent reduction in regulation costs in each sector. All policy changes are

permanent and perfectly observed by the household. Periods are still in quarters. In all

cases, variables reach 80% of the changes by 15 years (60 quarters) and are at 90-95% of the

new steady-states by 20 years (100 quarters) after the reform.

The results of the policy exercises are depicted in Figure 2.6 through Figure 2.9. Fig-

ure 2.6 and Figure 2.7 show that the direction of impact from deregulation in hiring and

self-employed sectors is similar, since both lead to more firm entry. One major difference is

in the profits of the self-employed. The relative size of the increase in the self-employed firms

is large in Figure 2.7 – in fact, so large that this increased competition makes profits fall.
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In general, the size of changes in the self-employed sector is more modest since the whole

industry is relatively smaller. Additionally, having more firms in the hiring sector increases

demand for labor and thus employment in the standard sector. As a result, deregulation in

the hiring sector has a greater effect on all accounts including consumption and output.

Since business creation is an occupational option for the workers, labor market policies

also affect the self-employment sector (Figure 2.8 and Figure 2.9). Both the decrease in

unemployment benefits and worker’s bargaining power give more incentive towards firm

creation in the self-employed sector. Nonetheless, the effect is more sizable in the case of

unemployment benefits since it affects the value of unemployment today directly. On the

other hand, worker’s bargaining power affects wages, which is relevant only when hired by a

firm, subject to the job finding probability. Unemployment falls by a lot more since staying

unemployed is no longer as attractive as before. Whether it is through hiring sector or

self-employment, more unemployed workers will try to switch to employment.

The results point towards policy implications in various angles. First, the effect of reforms

varies depending on what fraction of the economic agents are affected. This is shown in

Figure 2.10, where all four reforms are compared. Reducing entry cost of the self-employed

has the smallest impact due to the sector itself being small with no other employees. A

decrease in worker’s bargaining power follows as it primarily affects wage earners. What

is most interesting is the reduction in unemployment benefits being the most effective in

boosting consumption in the short run but gradually being caught up by deregulation in

the hiring sector in the long run. This reversal is due to unemployment benefits having an

immediate impact on workers’ value of being unemployed, giving rise to higher incentive

for them to find a job, both through the standard labor market and self-employment. In

comparison, a decrease in regulation cost for the hiring firms promotes entry of firms, which

then hire workers to produce. Not only do workers benefit from higher employment and

wages in the hiring sector but the self-employed also gain from relatively lower price of

inputs. This whole process occurs gradually, with unemployment falling less but wage and

profits rising by more, leading to consumption and output reaching higher levels.
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The adequacy of government-funded subsidies for new entrants is also dependent on the

type of firms affected from the said policies. For economies where obtaining capital is dif-

ficult, government programs such as the Entrepreneurs’ Law (Ley de Emprendedores) that

passed recently in Argentina are considered a hopeful push towards building a better en-

trepreneurial ecosystem. However, if all the government is doing is fueling the excessive

entry of necessity-driven entrepreneurs, the economy also has a possibility to end up allocat-

ing resources inefficiently. Another example of this is the South Korean government using

$1.6 billion to offer better credit to the self-employed in 2016. This particular policy resulted

in the number of new entrepreneurs increasing by 33% compared to the year before. At the

same time, even more firms exited the market, reaching a new record since 2011.

Furthermore, labor market-specific policies that affect compensation during unemploy-

ment or duration of unemployment becomes relevant to firm entry. If the unemployed are

offered better unemployment benefits or if it is relatively easier to find a job, it reduces the

incentive for these workers to become entrepreneurs. Meanwhile, it warns us of the draw-

back from blindly using unemployment rate as a measure of the labor market. As it becomes

more difficult to be matched with a firm as a hired worker, there is a higher chance that the

unemployed will become “employed” through entrepreneurship, leading to a relatively lower

unemployment rate.

2.7.2 Effect of Relative Sector Productivity and Monopoly Power on Deregulation

Relative Sector Productivity ZS/ZH

Along the lines of deregulation in markets, one can ask if the effects of such structural reforms

would vary if the average productivity of two sectors differs. For easier comparison, I define

the (sectoral) productivity ratio as ZS/ZH and only vary ZS while keeping ZH constant at

1. If the consequences of policy reforms depend on relative productivity differences, this

becomes an important question as we do observe concentration of self-employment in certain

industries in reality.
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Figure 2.11 and Figure 2.12 show the results of the same permanent 1% decrease in

regulation cost in the self-employed and hiring sector respectively, but under varying sectoral

productivity ratios. From comparing Figure 2.11 and Figure 2.12, it is observed that the

magnitude of reforms is greater under deregulation of the hiring sector. This is mainly

due to the participation of hiring firms in the labor market. A decrease in entry cost of

the hiring sector allows more new entrants who stay in the market for longer due to lower

exit rates. This increase in hiring firms implies more job creation. Combined with this

change in demand for labor, the number of solopreneurs also rise as more final goods are

demanded by the household. As a result, unemployment falls by more, and consumption and

output rises by more compared to deregulation in the hiring sector. This points to structural

reforms being much more effective if done to firms that actively hire employees, rather than

soloprenuers. On the other hand, the degree of effectiveness does not vary much according

to the productivity ratio since the major changes are through the hiring sector.

In comparison, the effect of deregulation in the self-employed sector is greater as produc-

tivity ratio is lower. Due to low productivity, the entry cost of self-employment is already

low. Decreasing the cost of entry even more allows more new entrants to enter the mar-

ket, as the threshold of switching to self-employment is lower. Since more workers become

employed through firm creation, household income and consumption rise. This leads to a

positive spillover effect on the hiring sector through an increase in demand for both final

and intermediate goods, but more so for lower productivity ratio case since the solepreneurs

require using more intermediate goods. Unemployment falls by more for low ZS/ZH as more

workers are absorbed by both sectors. Income rises but by less for low ZS/ZH because the

relative lower increase in wages has a greater effect than the relatively lower decrease in

profits (much more family members are hired by the hiring sector than the self-employed

sector). Thus the impact of deregulation is larger in the hiring side as self-employment’s

sectoral productivity is lower.

In both cases, what drives the effectiveness of deregulation are the hiring firms and their

impact on the job creation margin. Deregulation in the hiring sector is more effective than
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that in the self-employed sector by two magnitudes. Even when lowering the entry cost

of solopreneurs, the reform works better when productivity ratio ZS/ZH is lower since the

greater positive spillover effect on the hiring sector dominates.

Monopoly Power in Self-Employed Sector θS

Instead of productivity ratios, I also test whether monopoly power of the solopreneurs affects

the policy reform results. Lower θS implies greater monopoly power and higher markups.

θS of 6.38, 5, 3.8, and 2.9 imply 112%, 100%, 92%, and 87% of hiring sector’s markup

respectively. The benchmark was 87% following empirical evidence. The result of the exercise

is described in Figure 2.13 and Figure 2.14. Since the structural reform itself is same as before

(1% decrease in regulation cost), the direction of the reforms is not very different. However,

now in both cases of hiring and self-employed sectors, the policies are more effective when

the solopreneurs have higher monopoly power and are able to put higher markups. This

indicates that solopreneurs are more important for reforms if they have a relatively higher

monopoly power and are able to produce more differentiated products.

2.8 Conclusion

Motivated by the rise of very small firms in the recent years, this paper explores how the

existence of necessity-driven businesses can impact macroeconomic dynamics, efficiency, and

the outcomes of structural reforms. To do so, I develop a two-sector, dynamic stochastic

general equilibrium model with endogenous producer entry and search and matching frictions.

By doing so, I contribute towards a deeper understanding of firm creation, which usually

have been focused on large firms with active employment. I shed light on how having

necessity-driven businesses can lead to macroeconomic inefficiency and higher welfare costs.

Furthermore, under this extra channel of employment present, structural reforms on either

labor or product markets vary in terms of effectiveness, with deregulation on the hiring sector

being the most effective in boosting consumption and output. Firms’ relative productivity

and monopoly power also matter since the same structural reform is more successful when
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the self-employed are less productive or when firms produce more differentiated products.

The main message of the paper is that firm creation as an occupational choice can make

firm dynamics be more closely related to the state of the labor market. Once I allow for

the unemployed to use entrepreneurship as an occupational choice, excessive entry to self-

employment occurs. Since employment occurs in both sectors, as hired workers and self-

employed, unemployment falls by more initially and consumption is higher. However, this

leads to higher welfare cost from business cycles. More factors also contribute to inefficiency

as neither hiring firms nor workers internalize the effect of their choices on the aggregate

economy. As a result, understanding what type of firms are targeted matters when analyzing

the effectiveness of structural reforms.

There exist possible extensions that one can continue to explore. First is opening up the

economy and allowing international trade. It is observed in the data that the self-employed

are mostly skewed towards industries that produce non-traded service goods. Thus, if there

is more entry in the self-employed sector, it would imply an asymmetric impact on tradables

versus nontradables. This concentration is even more evident in some small open economies

such as Korea. Extending the model to an open economy setting will allow me to analyze

such issues in detail.

Additionally, while in this paper I have the self-employed use goods from the other sector

as intermediate goods, it might be more plausible to include hours of work as the cost for

the self-employed. This is in line with the empirical evidence that there is more intensive

margin rather than extensive margin in small businesses, mostly due to extra costs that arise

when hiring employees. Put differently, it is easier for the entrepreneur to put in extra hours

of work rather than hiring another worker for the firm. I leave these extensions for future

work.
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Table 2.1. Main motive for starting one’s own business in the U.S. Data for TEA, averaged
over 2010-2015. TEA: Total Early Stage Entrepreneurship; involved in a nascent firm or
young firm or both. Mixed motivation includes a combination of opportunity and necessity
and having a job but seeking better opportunities. Source: GEM APS, World Bank World
Development Index. [cited on page 51]

Necessity or
maintain income

Increasing
income

Being
independent

Mixed
motivations

27.6% 36.3% 26.9% 9.1%

Table 2.2. Cyclical correlation of self-employment with output. Source: author’s calcula-
tions. Self-employment refers to own-account workers and business owners with less than
5 employees, as share of the working-age population. All series are annual, logged, and
HP-filtered with smoothing parameter 100 for annual. [cited on page 51]

USA Korea Italy Turkey

Corr(SEt, Yt) 0.06 0.29 -0.23 -0.68
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Table 2.3. Model summary [cited on page 77]

Description Equation

Matching function Mt = χU ξt V
1−ξ
t

Job finding probability ιt = Mt/Ut

Vacancy filling probability qt = Mt/Vt

Unemployment Ut = 1− (1− λ)lh,tNH,t −NS,t

Law of motion lh,t = (1− λ)lh,t−1 + qtvt

Law of motion for firms NS,t = (1− δS)NS,t−1 +NSE,t

NH,t = (1− δH)NH,t−1 +NHE,t

Free entry condition frs = es,t

feh,t = eh,t

Entry cost for H firms feh,t = frh + κvE,t

Value of H firm eh,t = dh,t + (1− δH)Et βt,t+1eh,t+1

Value of SE firm es,t = ds,t + (1− δ)Et βt,t+1es,t+1

Profits of H firm dh,t = 1
θH

(1− α)ρ1−θH
h,t P

−φ
H,t Yt

Profits of SE firm ds,t = 1
θS
αρ1−θS

s,t P
−φ
S,t Yt

Job creation κ
qt

= ϕh,tZH,t − wt + (1− δH)(1− λ)Et βt,t+1
κ

qt+1

Real wage wt = ηϕh,tZH,t + (1− η)ω̄t

Outside option ω̄t = ub + (1− δH) η
1−η Et βt,t+1ιt+1

κ
qt+1

Vacancies by H entrants vE,t = lh,t/qt − vt
Aggregate vacancies Vt = vtNH,t + vE,tNHE,t

Marginal costs ρh,t = θH
θH−1ϕh,t

ρs,t = θS
θS−1ϕs,t

Real prices ρh,t = N
1

θH−1

H,t

ρs,t = N
1

θS−1

S,t

Price sub-indices ϕs,t = PH,t /Zs,t

1 = (1− α)P1−φ
H,t +αP1−φ

S,t

Production functions yt(h) = ZH,tlh,t

yt(s) = ZS,tMs,t

Sectoral output Yh,t = (1− α)P−φH,t Yt

Ys,t = αP−φS,t Yt

Output clearing ZH,tlh,t = (1− α)ρ−θHh,t P
−φ
H,t Yt + ρ−θHh,t Ms,tNS,t

ZS,tMs,t = αρ−θSs,t P
−φ
S,t Yt

Aggregate demand Yt = Ct + κVt + frsNse,t + frhNhe,t
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Table 2.4. Calibration [cited on page 75]

Parameter Value Parameter Value

Discount factor β 0.99 Matching elasticity ξ 0.5
Intertemporal elasticity of substitution γ 2 Matching efficiency χ 0.82
Elasticity of substitution for variety (H) θH 3.8 Total unemployment benefits ub/w 0.9
Elasticity of substitution for variety (S) θS 6.38 Vacancy filling rate q 0.9
Elasticity of substitution bet. sectors φ 0.5 Worker matching rate ι 0.75
Share of goods from SE sector α 0.3 Regulation cost (H) frh 0.42
Firm exit rate (H) δH 0.05 Regulation cost (S) frs 0.68
Firm exit rate (S) δS 0.1 Vacancy cost κ 0.06
Exogenous separation rate λ 0.035 Persistence of TFP shock ρZ 0.95
Worker’s bargaining power η 0.5 Std. of TFP shock σZ 0.0072

Table 2.5. Business cycle statistics, benchmark, and model with no self-employment dy-
namics. Data = US 1977:Q1 - 2007:Q4 (1977:Q1 - 2004:Q4 for job finding rate, 2001:Q1
- 2007:Q4 for JOLTS), logged and HP-filtered with smoothing parameter 1600; Model I
= benchmark with self-employment; Model II = no entry/exit in self-employment. Data-
consistent variables used for model-generated moments. Source: US FRED, BLS, JOLT,
and data constructed by Robert Shimer (for additional details, please see Shimer (2012) and
his webpage http://home.uchicago.edu/~shimer/data/flows/). [cited on page
77]

σX σX/σY corr(X,Y )

Var Data Model I Model II Data Model I Model II Data Model I Model II

Ỹ 1.35 1.42 1.44 1.00 1.00 1.00 1.00 1.00 1.00
C̃ 1.05 0.76 0.54 0.77 0.53 0.54 0.85 0.99 0.99
L 0.74 0.38 0.36 0.55 0.27 0.25 0.86 0.94 0.94
ι 9.17 3.87 3.74 6.77 2.73 2.59 0.80 0.99 0.99
q 16.31 4.65 4.49 12.06 3.28 3.11 -0.33 -0.99 -0.99

http://home.uchicago.edu/~shimer/data/flows/
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Table 2.6. Comparison of margins between decentralized and centralized economies. [cited
on page 71]

Decentralized

Job Creation 1 = qt
κ (ϕh,tZH,t − wt) + (1− λ)(1− δH)Et βt,t+1

qt
qt+1

Product
Creation (H) 1 = 1

(frh+fTh)

[
1
θH
ρh,tPH,t ZH,tlh,t − κvE,t

]
+ (1− δH)Et βt,t+1

eh,t+1

frh

Product
Creation (S) 1 = 1

(frs+fTs)

[
1
θS
ρs,tPS,t ZS,tMS,t + (1− δS)Et βt,t+1es,t+1

]

Social Planner

Job Creation 1 = qt
κ (1− ξ)ρ(NH,t)ZH,t

[
At

(
CH,t

(1−α)Ct

)− 1
φ

+
(
ρ(NH,t)ZH,tLH,t

(1−α)Yt

)− 1
φ

]
−(1− λ)ξιt + (1− λ)(1− δH)Et βt,t+1

(
1+At

1+At+1

)
qt
qt+1

Product
Creation (H) 1 = 1

(frh+fTh)

[
θH
θH−1ρ(NH,t)ZH,tlh,t

{
At

(
CH,t

(1−α)Ct

)− 1
φ

+
(
ρ(NH,t)ZH,tLH,t

(1−α)Yt

)− 1
φ

}]
+(1− δH)Et βt,t+1

(
1+At

1+At+1

)
Product
Creation (S) 1 = 1

(frs+fTs)

[
θS
θS−1ρ(NS,t)ZS,tMS,t

{
At

(
CS,t
αCt

)− 1
φ

+
(
ρ(NS,t)NS,tZS,tMs,t

αYt

)− 1
φ

}
−At

(
CH,t

(1−α)Ct

)− 1
φ
MS,t − ξ

1−ξ ιt
κ
qt

]
+ (1− δS)Et βt,t+1

(
1+At

1+At+1

)

Table 2.7. Welfare cost under different scenarios. ∆BC = welfare cost of business cycles
(% of steady-state consumption in benchmark model). [cited on page 78]

∆BC

Shock Benchmark No Entry/Exit in SE

H sector 1.189% 0.046%
S sector 0.050% 0.046%

Both sectors 1.237% 1.065%
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Figure 2.1. Self-employment rates (as % of total employment). Average of annual data for
2010-2017. Source: OECD (2019). [cited on page 50]
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(b) Necessity-driven businesses by Getting Credit index

Figure 2.2. Self-employment, necessity-driven business, and their relationship with other factors. Factor-driven:
least developed, mostly subsistence agriculture and extraction businesses, with heavy reliance on (unskilled) labor and
natural resources; Efficiency-driven: increasingly competitive, with more-efficient production processes and increased
product quality; Innovation-driven: most developed, businesses more knowledge-intensive, and the service sector
expands. Getting credit index measures (i) strength of legal rights index, (ii) depth of credit information index,
(iii) credit bureau coverage (% of adults), and (4) credit registry coverage (% of adults). Higher values indicate ease
of getting credit. Source: GEM APS, WB World Development Index (2010-2014). [cited on page 50]
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Figure 2.3. Three-state labor market [cited on page 64]
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Figure 2.4. Productivity shock in the hiring sector. Responses show percentage deviations
from steady state after a one standard deviation productivity shock. Unemployment is in
deviations from steady state. [cited on page 75]
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Figure 2.5. Productivity shock in the self-employed sector. Responses show percentage de-
viations from steady state after a one standard deviation productivity shock. Unemployment
is in deviations from steady state. [cited on page 76]
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Figure 2.6. Permanent 1% decrease in regulation cost for the hiring sector. [cited on page
79]
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Figure 2.7. Permanent 1% decrease in regulation cost for the self-employment sector. [cited
on page 79]

Responses show percentage deviations from steady state after the respective permanent
policy change. Unemployment is in deviations from steady state.
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Figure 2.8. Permanent 1% decrease in unemployment benefits. [cited on page 80]
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Figure 2.9. Permanent 1% decrease in worker’s bargaining power. [cited on page 80]
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Figure 2.10. Comparison of four reforms: two product market policies (1% decrease in reg-
ulation cost in hiring and self-employed sectors) and two labor market policies (1% decrease
in unemployment benefits and worker’s bargaining power). [cited on page 80]
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Figure 2.11. Permanent 1% decrease in regulation cost for the self-employment sector.
[cited on page 82]
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Figure 2.12. Permanent 1% decrease in regulation cost for the hiring sector. [cited on page
82]

Responses show percentage deviations from steady state after the respective permanent policy
change. Unemployment is in deviations from steady state.
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Figure 2.13. Permanent 1% decrease in regulation cost for the self-employment sector.
[cited on page 83]
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Figure 2.14. Permanent 1% decrease in regulation cost for the hiring sector. [cited on page
83]

Responses show percentage deviations from steady state after the respective permanent policy
change. Unemployment is in deviations from steady state. Higher θS implies less monopoly power
and smaller markup in S sector (112%, 100%, 92%, and 87% of H sector markup respectively).
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Chapter 3

TRADE LIBERALIZATION AND STRUCTURAL REFORMS
UNDER SELF-EMPLOYMENT

3.1 Introduction

Self-employment is much more prominent in small open economies. As seen earlier in Fig-

ure 2.1, compared to the U.S. with 8% of self-employment, economies such as Chile, Korea,

and Mexico show 25-32% of employment coming from the self-employed. On the other hand,

while more developed economies tend to have relatively less self-employment, this is not

always the case. For instance, in Figure 2.2a, one can see multiple economies along different

levels of development being clustered around self-employment of 20%.

One of the distinctive characteristics of self-employment that I take into account in this

chapter is the skewness in the industries the self-employed selects into. As Figure 3.1 shows,

self-employment is extremely concentrated in nontraded service sector goods, with ‘accom-

modation and food services’ and ‘wholesale and retail trade’ taking up more than half of

self-employment. Not surprisingly, they are also sectors that do not require very high skill

sets or productivity, with relatively low barrier to entry.

The empirical pattern mentioned above is why I construct a two-sector dynamic, gen-

eral equilibrium model in a small open economy framework, where the self-employed firms

produce nontradable goods. They enjoy relatively lower monopoly power and are subject

to higher exit rates compared to firms that hire workers and produce tradable goods. This

mechanism implies that more entry into self-employment would have a disproportionate ef-

fect on nontradable goods, ending up in impacting the exchange rate and terms of trade as

well.

This small open economy model allows me to ask interesting questions on the conse-
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quences of trade liberalization and its effect on the wage inequality under the presence of

self-employment. Not much focus has been put on the analysis of the relationship between

open economy policies and self-employment so far. The closest would be the existing liter-

ature on the impact of trade liberalization on informal versus formal employment that was

studied extensively especially after the trade reforms in the 1980s-90s in Latin American

countries, though it did not always end in a consensus. Goldberg and Pavcnik (2003) shows

that trade reforms lead to a rise in informal employment in Colombia but not for Brazil,

while Menezes-Filho and Muendler (2011) argues otherwise. Heid et al. (2013) discusses how

the expansion of the export sector in Mexico had limited effects on informal employment.

Some existing papers also look at the impact of such reforms on the wage gap, although

again there are conflicting results. Ferreira et al. (2007) uses the example of Brazil to show

a decrease in wage inequality as a result, while Feliciano (2001) and Cragg and Epelbaum

(1996) use Mexico’s case to argue otherwise. I contribute to the discussion by incorporating

both the effect of self-employment on the outcomes of reforms and the impact of reforms on

the labor market composition.

The rest of the chapter is organized as the following. Section 3.2 gives a description of

the theoretical framework. Section 3.3 discusses the calibration used for the model and the

resulting business cycle dynamics. Section 3.5 concludes.

3.2 The Model

I construct a two sector dynamic, general equilibrium model for a small open economy.

One sector – which I call the hiring sector – produces tradable goods by using workers hired

through the labor market, subject to search and matching frictions. The other sector consists

of self-employed firms that produce nontradable goods by using hiring sector goods as inputs.

h and s refer to variables related to the hiring and self-employed sector respectively. Subscript

D or d denotes domestic variables, while X or x refers to exports to/imports from Rest of

the World (or Foreign). All foreign variables are denoted with a star.
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3.2.1 Household

The economy consists of a unit mass of atomistic, identical households. Each household is a

large extended family containing a continuum of members along a unit interval. Whether a

family member is employed (either through hired work or self-employment) or unemployed

is endogenously determined by the labor matching process and firm entry. Following An-

dolfatto (1996), there is a full consumption sharing among the employed, self-employed, and

unemployed family members.

A representative household maximizes the intertemporal expected utility:

Et
∞∑
j=t

βj−t

(
C1−γ
j

1− γ

)
. (3.1)

The final consumption basket is an Armington aggregator of tradable hiring sector goods

and nontradable self-employed sector goods:

Ct =

[
(1− αS)

1
φS (CH

t )
φS−1

φS + α
1
φS
S (CS

t )
φS−1

φS

] φS
φS−1

, (3.2)

where φS > 0 is the elasticity of substitution between CH
t and CS

t .

The tradable consumption basket consists of sub-baskets of hiring sector goods produced

domestically and in foreign (i.e. imported):

CH
t =

[
(1− αX)

1
φX (CH

D,t)
φX−1

φX + α
1
φX
X (CH∗

X,t)
φX−1

φX

] φX
φX−1

, (3.3)

where φX is the elasticity of substitution between CH
D,t and CH

X,t.

This implies that the relevant price indices for the final and tradable consumption baskets
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can be written as the following:

Pt =
[
(1− αS)(PH

t )1−φS + αS(P S
t )1−φS

] 1
1−φS , (3.4)

PH
t =

[
(1− αX)(PH

D,t)
1−φX + αX(PH∗

X,t )
1−φX

] 1
1−φX . (3.5)

Each sectoral sub-basket consists of a continuum of goods - H or S depending on the

sector - for both domestically produced and imported goods:

CH
D,t =

(∫
h∈H

cd,t(h)
1−θH
θH dh

) θH
θH−1

, CH∗
X,t =

(∫
h∈H

c∗x,t(h)
1−θH
θH dh

) θH
θH−1

, (3.6)

CS
t =

(∫
s∈S

ct(s)
1−θS
θS ds

) θS
θS−1

. (3.7)

θS > θH > 1 is the elasticity of substitution across different varieties, where θS is set greater

to allow the relatively weaker monopoly power of the self-employed sector.

At any period, only a subset of goods Ht ∈ H and St ∈ S out of all the goods the

household wants to consume is available in each sector. Thus the price of each sectoral

sub-basket, or the sectoral price sub-index, is written as:

PH
D,t =

(∫
h∈Ht

pd,t(h)1−θHdh

) 1
1−θH

, PH∗
X,t =

(∫
h∈Ht

p∗x,t(h)1−θHdh

) 1
1−θH

, (3.8)

P S
t =

(∫
s∈St

pt(s)
1−θSds

) 1
1−θS

. (3.9)

where pd,t(h) is price of H sector good sold domestically (in Home currency) and p∗x,t(h) is

price of the imported H sector good (also in Home currency).

Under the structure of the consumption baskets and price indices described above, the

domestic household’s demand for each sectoral bundle is given as:

CH
t = (1− αS)

(
PH
t

Pt

)−φS
Ct, CS

t = αS

(
P S
t

Pt

)−φS
Ct, (3.10)
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and the demand for domestically produced and foreign produced traded bundle are:

CH
D,t = (1− αX)

(
PH
D,t

PH
t

)−φX
CH
t , CH∗

X,t = αX

(
PH∗
X,t

PH
t

)−φX
CH
t . (3.11)

Domestic demand for Home’s H sector variety, export demand for Home’s H sector variety,

and domestic demand for Home’s S sector variety are found as the following respectively:

cd,t(h) =

(
pd,t(h)

PH
D,t

)−θH
CH
D,t, cx,t(h) =

(
px,t(h)

PH
X,t

)−θH
CH
X,t, (3.12)

ct(s) =

(
pt(s)

P S
t

)−θS
CS
t . (3.13)

By defining the real prices of each variety as ρd,t ≡ pd,t(h)/Pt, ρx,t ≡ px,t(h)/P ∗t , and ρs,t ≡

pt(s)/Pt, the demand for domestically produced variety is rewritten as:

cd,t(h) = (1− αX)(1− αS)ρ−θHd,t

(
PH
D,t

Pt

)θH−φX (
PH
t

Pt

)φX−φS
Ct, (3.14)

cx,t(h) = αX(1− αS)ρ−θHx,t

(
PH
X,t

P ∗t

)θH−φX (
PH
t

P ∗t

)φX−φS
C∗t , (3.15)

ct(s) = αSρ
−θS
s,t

(
P S
t

Pt

)θS−φS
Ct. (3.16)

Assuming producer currency pricing and law of one price implies px,t(h) = τtε
−1
t pd,t(h),

where εt is the nominal exchange rate, defined as units of Home currency per one unit of

Foreign currency. This relationship also holds in real variables: ρx,t(h) = τtQ
−1
t ρd,t(h), where

the real exchange rate is defined as Qt ≡ εtP
∗
t /Pt.
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3.2.2 Production

Hiring Firms

The hiring sector is composed of a continuum of monopolistically competitive firms of mea-

sure zero that produce variety h that are imperfect substitutes. Firms follow a linear produc-

tion function yt(h) = ZH,tlh,t, where ZH,t is the sectoral productivity. As firms hire workers

from the labor market, they are subject to search and matching frictions following Diamond

(1982b) and Mortensen and Pissarides (1994).

Search and Matching

Job creation is subject to the search and matching frictions in the labor market. The

matching function M(Ut, Vt) = χU ξ
t V

1−ξ
t combines aggregate unemployed workers Ut and

aggregate vacancies Vt into matches. The job finding rate ιt and the vacancy filling rate qt

are endogenously determined as ιt ≡ Mt/Ut and qt ≡ Mt/Vt. This implies that both rates

are endogenously determined by the labor market tightness, θt ≡ Vt/Ut: if the labor market

becomes tighter (θt rises), workers have an easier time finding jobs.

Once matched, all workers are subject to an exogenous rate of separation, λ. Following

Krause and Lubik (2007), the newly created matches become productive right away. This

gives the law of motion for employment at hiring firms, where the amount of currently hired

workers depends on the incumbent workers surviving firing and newly filled vacancies:

lh,t = (1− λ)lh,t−1 + qtvt. (3.17)

Profit Maximization

Each firm in the hiring sector chooses the amount of labor to hire (lh,t), vacancies to post

(vt), and the price of the good (ρh,t) to maximize the following intertemporal profit function,
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subject to the production function and the law of motion for employment:

Et
∞∑
j=t

βt,j(1− δH)j−t {ρd,j(h)yj(h)− wjlh,j − κvj} . (3.18)

Note that for hiring firms, they will face demand from three sources: domestic and foreign

households as final consumption goods and self-employed firms as inputs (yt(h) = yd,t(h) +

yx,t(h) +ms,t(h)NS,t).

The first order conditions give rise to the job creation equation and the optimal price

setting rule:

κ

qt
= ϕh,tZH,t − wt + (1− δH)(1− λ)Et βt,t+1

κ

qt+1

, (3.19)

ρd,t(h) =

(
θH

θH − 1

)
ϕh,t. (3.20)

Eq. (3.19) equates the marginal cost of posting a vacancy (κ/qt) to its marginal benefit,

which is the marginal revenue product created by the extra worker minus the wage, and the

future savings from not needing to post a vacancy if the match survives. Eq. (3.20) shows

that the firm will charge a fixed markup over marginal cost.

Total revenue for the hiring firm is ρd,t(h)yd,t(h) + Qtρx,t(h)yx,t(h) + ρd,t(h)ms,t(h)NS,t

and total cost is ϕh,t(yd,t(h) + τtyx,t(h) +ms,t(h)NS,t). Then the period profit of the firm can

be written as:

dh,t =
1

θH
ρd,t(h) {yd,t(h) + τtyx,t(h) +ms,t(h)NS,t} . (3.21)

Free Entry Condition

As a new entrant, the hiring firm needs to pay for the regulation cost (frh), technology

cost (fTh), and build up a stock of labor needed for production. Hence the total entry cost
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faced by a new firm is:

feh,t = frh + fTh︸ ︷︷ ︸
≡fRH

+κvE,t, (3.22)

where vE,t =
lh,t
qt
− vt is the vacancies posted by new entrants.

Firms enter until this entry cost is equal to the value of the hiring firm, which is the

present (since firms become productive right away) and future stream of profits:

eh,t = dh,t + Et
∞∑

j=t+1

(1− δH)j−tβt,jdh,j. (3.23)

Therefore, the free entry condition becomes feh,t = eh,t. This equation pins down the law of

motion for hiring firms:

NH,t = (1− δH)NH,t−1 +NHE,t, (3.24)

where the number of hiring firms is determined by the incumbent firms that survives the

probability of shutting down, δH ∈ (0, 1), plus the new entrants.

Self-Employed Firms

The self-employment sector also consists of a continuum of monopolistically competitive

firms with each producing a variety s. The self-employed are subject to a linear production

function, but uses a basket of hiring sector goods as inputs instead of labor as they are one-

man firms: yt(s) = ZS,tMs,t. The first order condition from the profit maximization problem

gives rise to the optimal price setting rule:

ρs,t =

(
θS

θS − 1

)
ϕs,t, (3.25)

where ϕs,t =
(PHt /Pt)

ZS,t
is the real marginal cost for the self-employed. Then the period profits
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can be written as:

ds,t =
1

θS
αSρ

1−θS
s,t

(
P S
t

Pt

)θS−φS
Yt. (3.26)

For the firms in the self-employed sector, the expression for profits is much simpler as their

only source of demand is from the domestic household.

Free Entry Condition

Similar to the hiring sector, new entrants enter until the entry cost is equal to the value

of the firm (fRS = es,t), where es,t is the present and future stream of profits for the self-

employed:

es,t = ds,t + Et
∞∑

j=t+1

(1− δS)j−tβt,jds,j. (3.27)

Different from the hiring sector, the self-employed do not hire any other employees; thus, its

entry cost only consists of the regulation and technology costs (fRS = frs + fTs). This also

gives rise to the law of motion for self-employment firms:

NS,t = (1− δS)NS,t−1 +NSE,t. (3.28)

The self-employed are also subject to shutdown rates of δS ∈ (0, 1) each period. However,

following the empirical evidence of small firms in industries where self-employment is skewed

towards showing higher exit rates, I set δS larger than δH . Note that since the self-employed

are one-man firms, the law of motion for employment in the self-employed sector is exactly

same as the law of motion for self-employment sector firms.

The timeline of the events in period t is described in Figure 3.2. At the start of the period,

some matches cease to continue due to exogenous separation, which join the unemployment

pool immediately. After shocks are realized in each sector, new entrants enter in both the
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hiring and self-employed sectors. All hiring firms post vacancies, in which some are filled

through matching. All active firms in both sectors produce, and the period ends with some

firms exiting due to exogenous rates of shutting down.

3.2.3 Labor Market

Under the given setup, a worker can be in one of the three following states in the labor

market: employed (i.e. has a wage-paying job), unemployed, and self-employed (where

income depends on the profits from running a business). Both the employed and the self-

employed count towards total employment: Lt = lh,tNH,t +NS,t.

As a wage-paid worker in period t, the value of being employed is the sum of wage one

earns today and the discounted value of the future state. Which state the employed worker

would be in depends on the exogenous firing rate (λ), the shutdown rate for the hiring sector

(δH), and the worker’s choice between staying in the unemployment pool and starting one’s

own business (max(Uu,t+1,−fRS + St+1)):

Wt = wt + Et βt,t+1

[
(1− δH)(1− λ)Wt+1

+
{

1− (1− δH)(1− λ)
}

max(Uu,t+1,−fRS + St+1)
]
. (3.29)

An unemployed worker receives unemployment benefits today and is either matched next

period or needs to choose again between unemployment and self-employment:

Uu,t = ub + Et βt,t+1

[
(1− δH)ιt+1Wt+1

+
{

1− (1− δH)ιt+1

}
max(Uu,t+1,−fRS + St+1)

]
. (3.30)

Once a worker decides to pay the entry cost and switches to running one’s own business, he

no longer receives unemployment benefits but starts earning profits from the new business.

Whether this person continues with the business or not in the next period depends on the
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exogenous shutdown rates and probability of matching:

St = ds,t + Et βt,t+1

[
(1− δS)St+1 + δS(1− δH)ιt+1Wt+1

+
{

1− δS(1− δH)ιt+1

}
max(Uu,t+1,−fRS + St+1)

]
. (3.31)

Worker’s surplus from match is defined as SWt ≡ Wt −max(Uu,t,−fRS + St. Since both

unemployment and self-employment exist in equilibrium, the equilibrium condition states

that Uu,t = −fRS + St. Using this condition, the worker’s surplus can be rewritten as:

SWt = wt − ω̄h,t + (1− δH)(1− λ)Et βt,t+1S
W
t+1, (3.32)

where ω̄h,t ≡ ub + (1− δH)Et βt,t+1ιt+1S
W
t+1 is the worker’s outside option.

Firm’s surplus from the match (SFt ) comes from the extra marginal revenue product

from the extra match less the wage paid, and the future discounted benefit of the match if

it survives the separation:

SFt = ϕh,tZH,t − wt + (1− δH)(1− λ)Etβt,t+1S
F
t+1. (3.33)

Nash bargaining implies real wage as the following:

wt = ηϕh,tZH,t + (1− η)ω̄h,t. (3.34)

3.2.4 Household’s Intertemporal Problem

The representative household faces the following budget constraint:

Ct + Tt + eh,tNH,txh,t+1 + fRSNSE,t = wtlh,tNH,t + ds,tNS,t + ub(1− Lt)

+ eh,txh,t(1− δH)NH,t−1 + dh,txh,t+1NH,t, (3.35)
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where xh,t is the shares of mutual fund in hiring sector held by the household and unemploy-

ment benefits (ub) are financed by lump-sum taxes (T ). First order condition respect to xh,t

gives the Euler equation for shareholdings, eh,t = dh,t + (1− δH)Et βt,t+1eh,t+1.

3.2.5 Closing the Model

In equilibrium, the aggregate price index satisfies:

1 = (1− αS)

(
PH
t

Pt

)1−φS
+ αS

(
P S
t

Pt

)1−φS
, (3.36)

where

P S
t

Pt
= N

1
1−θS
S,t ρs,t, (3.37)

PH
t

Pt
=

[
(1− αX)N

1−φX
1−θH
H,t ρ1−φX

d,t + αX(N∗H,t)
1−φX
1−θH (ρ∗x,t)

1−φX
] 1

1−φX
. (3.38)

Aggregate demand is written as Yt = Ct + κVt + fRSNSE,t + fRHNHE,t and aggregate

unemployment rate is Ut = 1− (1−λ)lh,tNH,t−NS,t. Output clearing for each sector implies

the following:

ZH,tlh,t = (1− αS)N
θH−φX
1−θH

H,t

[
(1− αX)ρ−φXd,t

(
PH
t

Pt

)φX−φS
Yt

+αXρ
−φX
x,t

(
PH
t

P ∗t

)φX−φS
Y ∗t

]
+ (1− αX)N

1−φX
1−θH
S,t ρ−φXh,t

(
PH
t

Pt

)φX
Ms,t, (3.39)

ZS,tMs,t = αSρ
−θS
s,t

(
P S
t

Pt

)θS−φS
Yt. (3.40)

Terms of trade is defined as TOTt ≡ Qtρ
∗
x,t/ρx,t. The economy is under financial autarky

and trade is balanced every period: QtNH,tρx,tyx,t(h) − N∗H,tρ
∗
x,ty
∗
x,t(h) = 0. The model

described above gives 30 endogenous variables and 30 equations as shown in Table 3.1. The

foreign variables that have an effect on the Home economy are N∗H,t, y∗x,t, τ ∗t , P
H∗
t , and Y ∗t .
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3.3 Calibration

I use quarters as periods and set certain parameters according to those standard in the

literature. Small open economy-specific parameters are calibrated using the data from Korea.

The rest of the world is assumed to be symmetric to Home. Discount factor β is set at 0.99,

which is interpreted as an annual real interest rate of 4%. Following Ghironi and Melitz

(2005), elasticity of substitution across varieties for the hiring sector, θH , is equal to 3.8. For

the self-employed sector, θS is set to 6.38. The risk aversion coefficient γ is set at 2. Since

I follow the empirical evidence that the majority of the self-employed produce nontradable

service goods and serve only the domestic market, I use the elasticity of substitution between

tradables and nontradables for φS, the elasticity of substitution between goods from hiring

sector and self-employed sector. This parameter is set at 0.5, following Mendoza (1992).

Elasticity between domestic and imported goods, φX , is set at 1.5, as is standard in the

international business cycle literature. Share of hiring sector goods, 1 − αS, is given as 0.2

to reflect the relatively smaller output generated by the self-employed. Share of imported

goods, αX , is set at 0.5, to reflect the relatively high openness of Korea. Iceberg trade costs,

τ , is set to match the total trade (imports + exports) over GDP to 0.66, the average value

for Korea.

To capture the characteristics of the product and labor market, I calibrate parameters

according to the Korean labor market after the recent financial crisis. Elasticity of the

matching function ξ is set at 0.5 to follow the calibration of the Korean economy as Schauer

(2018). Bargaining power of the worker η is equal to 0.5 to satisfy the Hosios condition. This

ensures that the competitive equilibrium in this economy is efficient. The exogenous exit

rate δS for the self-employed is set at 0.2, higher than that of the hiring sector, δH = 0.05.

Due to the uniqueness of the Korean labor market, separation rate (λ) for workers differs

vastly depending on whether the worker is permanent or temporary. In 2016, while only

2.4% of permanent workers left their jobs, for temporary workers the separation rate was

at 18.8%. According to the classification of Ha and Lee (2013), the share of non-regular
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workers is estimated at 49% of total employment. Using weighted average, separation rate

λ is calculated at 0.026. Unemployment benefit is equal to 51% of steady-state wage, which

matches the average replacement rate ub/w of Korea reported by OECD (2004).

Following the literature, I calibrate the values of matching efficiency χ and cost of posting

vacancies κ to match the unemployment rate and probability of filling a vacancy. The job

finding probability, ι, is set at 0.75 to match the median unemployment duration of 6 weeks,

consistent with the findings in Hobijn and Sahin (2009). As noted in Andolfatto (1996),

the probability of filling a vacancy (q) is set at 0.9. This yields the steady-state level of

self-employed at 36% of total employment and the unemployment rate of 4.6%.

As for the product market, following Ebell and Haefke (2009b), the fixed portion of

the entry cost (regulation and technological cost) for the hiring sector is calculated as 5.2

months of lost output. To incorporate the empirical evidence that the self-employed largely

select into industries with lower entry to barrier and produce goods already available in the

economy (Hurst and Pugsley (2012)), the entry cost for the self-employed is lower, with 2

months of lost output.

Finally, the exogenous aggregate productivity shock for the hiring sector (ZH) and the

self-employed sector (ZS) follow an AR(1) process in logs with persistence of 0.95 and stan-

dard deviation of 0.0072, following the common RBC literature. The full description of

calibrated parameters is given in Table 3.2. The model gives 33% of employment com-

ing from self-employment in the steady state, which is close to what the data from Korea

suggests.

3.4 Business Cycle Dynamics

Figure 3.3 shows the business cycle dynamics after a one standard deviation productivity

shock in the hiring sector. Not surprisingly, more firms enter in the hiring sector - but at the

same time, it lowers the cost of inputs for the self-employed, leading to a rise in their profits

and thus a spillover effect in the self-employment sector as well. As a result, the number

of total firms rise. While unemployment does fall, it is actually coming from the workforce
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shifting into self-employment, as shown by the decline in the hiring sector’s employment.

Higher wage and profits of self-employment on top of more workers being employed imply

a rise in output and consumption as a result. Due to a rise in new firm entry in the hiring

sector at Home, terms of trade depreciates. Home’s exports become relatively cheaper, but

due to a stronger increase in demand for foreign goods by both domestic households and the

self-employed (as inputs), real exchange rate depreciates (Qt rises). As a result, terms of

trade appreciates initially, then eventually depreciates.

In contrast, Figure 3.4 shows the business cycle dynamics after a one standard devia-

tion productivity shock in the self-employment sector. What is interesting here is that a

positive productivity shock does not necessarily lead to an increase in the entry of the self-

employed. Multiple factors contribute to this result. There exists a spillover effect from the

self-employed sector to the hiring sector as well since hiring sector goods are used as inputs.

This increased demand faced by hiring firms has a positive effect on the new entrants in the

sector, allowing more workers to be employed. This dampens the workers’ need for shifting

into entrepreneurship and becomes the dominant impact over firm entry in the sector. While

the real exchange rate and terms of trade move in the same direction due to increased entry in

the hiring sector, the size is much smaller compared to the case with a positive productivity

shock in the hiring sector.

Figure 3.5 compares the benchmark case (blue solid line) with the financial autarky case

(orange dash-dotted line). It is possible to observe some significant differences that the

opening of the financial market brings to the business cycle dynamics. As in the standard

international business cycle literature, access to financial markets allows more consumption

smoothing. Interestingly enough, while the international financial market should make it

easier to finance firm entry, it does not lead to more firm creation. Part of this phenomenon

is due to the curbing of self-employment. Due to better chances of finding wage-paying

jobs for the workers, employment in the hiring sector falls by less and the unemployed have

less of an incentive to shift into self-employment. This leads to terms of trade showing

very different movements: while it depreciates eventually, under international borrowing, it
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initially appreciates first.

3.5 Conclusion

I constructed a small open economy version of the model presented in Chapter 2, incorporat-

ing certain pieces of important empirical evidence on self-employment into account. What

I find is the impact of productivity shocks being disproportionate not only on the domestic

economic variables but also on the real exchange rate and terms of trade. As a result, work-

ers’ endogenous decision-making for selecting into self-employment becomes more crucial for

an open economy with a significant amount of employment coming from the self-employed.

The policy exercise of opening up the financial market reveals a more modest movement in

firm creation in both sectors, along with very distinctively different movements in terms of

trade.
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Table 3.1. Model summary

Var Description Equation

Mt Matching function Mt = χUξt V
1−ξ
t

ιt Job finding probability ιt = Mt/Ut

qt Vacancy filling probability qt = Mt/Vt

Ut Unemployment Ut = 1− (1− λ)lh,tNH,t −NS,t
lh,t Law of motion for employment lh,t = (1− λ)lh,t−1 + qtvt

NS,t Law of motion for SE firms NS,t = (1− δS)NS,t−1 +NSE,t

NH,t Law of motion for H firms NH,t = (1− δH)NH,t−1 +NHE,t

eh,t Value of H firm eh,t = dh,t + (1− δH)Et βt,t+1eh,t+1

es,t Value of SE firm es,t = ds,t + (1− δS)Et βt,t+1es,t+1

NHE,t Free entry condition (H) fRH + κ(lh,t/qt − vt) = eh,t

NSE,t Free entry condition (SE) fRS = es,t

dh,t Profits of H firm dh,t = 1
θH
ρd,t [yd,t(h) + τtyx,t(h) +ms,t(h)NS,t]

ds,t Profits of SE firm ds,t = 1
θS
ρs,tyt(s)

yd,t(h) Domestic demand for variety h yd,t(h) = (1− αX)(1− αS)N
θH−φX
1−θH

H,t ρ−φXd,t

(
P
H
t

)φX−φS
Yt

yx,t(h) Export demand for variety h yx,t(h) = αX(1− αS)N
θH−φX
1−θH

H,t

(
τQ−1

t ρd,t
)−φX (

P
H∗
t

)φX−φS
Y ∗
t

ms,t(h) Demand for variety h as inputs ms,t(h) = (1− αX)ρ−φXd,t N
θH−φX
1−θH

H,t

(
P
H
t

)φX
Ms,t

yt(s) Demand for variety s yt(s) = αSρ
−θS
s,t

(
P
S
t

)θS−φS
Yt

vt Job creation κ
qt

= ϕh,tZH,t − wt + (1− λ)(1− δH)Et βt,t+1
κ

qt+1

wt Real wage wt = ηϕh,tZH,t + (1− η)
[
ub + (1− δH)Et βt,t+1ιt+1

η
1−η

κ
qt+1

]
Vt Aggregate vacancies Vt = vtNH,t + (lh,t/qt − vt)NHE,t
ϕh,t Marginal costs ρd,t = θH

θH−1ϕh,t

ϕs,t ρs,t = θS
θS−1ϕs,t

P
S
t Price sub-indices 1 = (1− αS)(PHt )1−φS + αS(PSt )1−φS

P
H
t P

H
t =

[
(1− αX)N

1−φX
1−θH
H,t ρ1−φXd,t + αX(N∗

H,t)
1−φX
1−θH (τ∗Qtρ

∗
d,t)

1−φX
] 1

1−φX

yh,t Production functions yh,t = ZH,tlh,t

ys,t ys,t = ZS,tMs,t

Yt Output clearing (H)
ZH,tlh,t = N

θH−φX
1−θH

H,t ρ−φXd,t

[
(1− αX)(PHt )φX

{
(1− αS)(PHt )−φSYt

+Ms,tNS,t
}

+ αX(1− αS)(τQt)
−φX (PH∗

t )
φX−φS

Y ∗
t

]
Ms,t Output clearing (SE) ZS,tMs,t = αSN

θS−φS
1−θS
S,t ρ−φSs,t Yt

Ct Aggregate demand Yt = Ct + κVt + fRHNHE,t + fRSNSE,t

Qt RER QtNH,tρx,tyx,t(h)−N∗
H,tρ

∗
x,ty

∗
x,t(h) = 0
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Table 3.2. Calibration

Parameter Value Parameter Value

Discount factor β 0.99 Matching elasticity ξ 0.5
Risk aversion γ 2 Matching efficiency χ 0.82
EOS for variety (sector H) θH 3.8 Total unemp. benefits ub/w 0.51
EOS for variety (sector S) θS 6.38 Vacancy filling rate q 0.9
EOS bet. sectoral goods φS 0.5 Separation rate λ 0.05
EOS bet. domestic and
imported goods φX 1.5 Worker matching rate ι 0.75

Share of S sector goods in C αS 0.2 Vacancy cost κ 0.84
Share of imported goods in C αX 0.5 Worker’s bargaining power η 0.5
Firm exit rate δH 0.05 Persistence of prod. shock ρZh 0.95

δS 0.2 ρZs 0.81
Regulation cost fRH 1.27 Std. of prod. shock σZh 0.0072

fRS 0.79 σZs 0.004
Trade openness (IM +X)/Y 0.66 Emp from SE NS/L 0.33
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Figure 3.1. Self-employed with 1-4 workers by industry in Korea, Kostat 2007-2016 avg
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Sectoral shocks
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New entrants en-
ter in both sec-
tors (NHE , NSE)

All hiring sector firms
post vacancies (v)

Hiring/matching
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All active firms
produce (NH , NS)

Exogenous pro-
ducer exit in both
sectors (δH , δS)

Figure 3.2. Timeline of events in a given period. [cited on page 107]
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Figure 3.3. Productivity shock in the hiring sector. Responses show percentage deviations
from steady state after a one standard deviation productivity shock. Unemployment is in
deviations from steady state.
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Figure 3.4. Productivity shock in the self-employed sector. Responses show percentage de-
viations from steady state after a one standard deviation productivity shock. Unemployment
is in deviations from steady state.
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Figure 3.5. Productivity shock in the hiring sector under financial autarky (orange) and
open financial markets (blue). Responses show percentage deviations from steady state after
a one standard deviation productivity shock. Unemployment is in deviations from steady
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Appendix A

WAGE DETERMINATION

This Appendix summarizes wage determination. Let Jt denote the real value of an

existing productive match for the producer, then:

Jt = ϕtZtht −
wt
Pt
ht −

ϑ

2
π2
w,t + Et βt,t+1(1− λ)Jt+1. (A.1)

That is, Jt equals the current marginal value product of the match less the wage bill inclusive

of wage adjustment costs, plus the expected discounted continuation value of the match next

period.

Next, letWt denote the worker’s asset value of being matched, and Uu,t the value of being

unemployed. The value of being employed at time t equals the real wage the worker receives

plus the expected future value of continuing to be matched to the firm. Thus,

Wt =
wt
Pt
ht + Et {βt,t+1 [(1− λ)Wt+1 + λUu,t+1]} . (A.2)

The value of being unemployed is:

Uu,t =
ν(ht)

uC,t
+ b+ Et {βt,t+1 [ιtWt+1 + (1− ιt)Uu,t+1]} , (A.3)

which equals the utility gain from leisure in terms of consumption, plus the unemployment

benefit from the government plus the expected discounted value of gaining reemployment

next period (versus remaining unemployed), the probability of which occurring is ιt ≡Mt/Ut.
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Combining (A.2) and (A.3) the worker’s surplus, Ht ≡ Wt − Uu,t is thus:

Ht =
wt
Pt
ht −

(
ν(ht)

uC,t
+ b

)
+ (1− λ− ιt)Et (βt,t+1Ht+1) . (A.4)

The Nash bargain maximizes the joint surplus Jηt H
1−η
t with respect to wt. Carrying out

the optimization yields:

ηw,tHt
∂Jt
∂wt

+ (1− ηw,t)Jt
∂Ht

∂wt
= 0, (A.5)

where:

∂Jt
∂wt

= −ht
Pt
− ϑ πw,t

wt−1

+ (1− λ)ϑEt
[
βt,t+1(1 + πw,t+1)

πw,t+1

wt

]
,

∂Ht

∂wt
=
ht
Pt
.

The sharing rule (A.5) can thus be written as:

ηw,tHt = (1− ηw,t)Jt, (A.6)

where:

ηw,t ≡
η

η − (1− η)(∂Ht/∂wt)(∂Jt/∂wt)−1
. (A.7)

Combining equations (A.5) and (A.6) yields equation (1.5) of the text.
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Appendix B

PRICING DECISIONS

The representative final sector firm sets the price of the output bundle for domestic sale,

Pd,t, and the domestic currency price of the export bundle, P d
x,t, letting the price in the

foreign market be determined by Px,t = τtP
d
x,t/St. When choosing Pd,t and P d

x,t, the firm

maximizes

Et
∞∑
s=t

βt,t+s

[(
Pd,s
Ps
−
P y
d,s

Ps

)
Yd,s +

(
P d
x,s

Ps
−
P y
x,s

Ps
τs

)
Yx,s −

Γd,s
Ps
−

Γdx,s
Ps

]
, (B.1)

where Γd,s ≡ νπ2
d,sPd,sYd,s/2, Γdx,s ≡ ν(πdx,s)

2P d
x,sYx,s/2, πd,s ≡ (Pd,s/Pd,s−1) − 1, πdx,s ≡(

P d
x,s/P

d
x,s−1

)
− 1, and output bundle demands are determined by:

Yd,s =

(
Pd,s
Ps

)−φ
Y C
s , Yx,s =

(
τsP

d
x,s

QsPs

)−φ
Y C∗
s . (B.2)

First-order optimality conditions for Pd,t and P d
x,t and straightforward, though tedious,

algebra yield equations (1.19)–(1.22) in the text. (To obtain (1.21)–(1.22), recall that

Px,t = τtP
d
x,t/St and Qt ≡ StP

∗
t /Pt.)
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Appendix C

OTHER EQUILIBRIUM DETAILS

The aggregate stock of employed labor in the Home economy is determined by:

lt = (1− λ)lt−1 + qt−1Vt−1. (C.1)

Wage inflation and consumer price inflation are tied by:

1 + πw,t = (wt/Pt)(wt−1/Pt−1)−1(1 + πC,t). (C.2)

The expression for the consumption price index implies:

1 = ρ̃1−θ
d,t N

1−φ
1−θ
d,t + (ρ̃∗x,t)

1−θ(N∗x,t)
1−φ
1−θ . (C.3)

Finally, labor market clearing requires:

ltht = Nd,t
ỹd,t
Ztz̃d

+Nx,t
ỹx,t
Ztz̃x,t

τt +Ne,t
fe,t
Zt

+Nx,t
fx,t
Zt
. (C.4)
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Appendix D

MANAGED EXCHANGE RATES

See Figures D.1–D.5 and Tables D.1–D.5. Figures D.1–D.5 replicate Figures 1.1–1.5,

replacing impulse responses under flexible exchange rates with responses under managed

exchange rates. Tables D.1–D.3 replicate Tables 1.3–1.5 and Tables D.4–D.5 replicate Ta-

bles 1.8 and 1.9, replacing results obtained under flexible exchange rates with results under

managed exchange rates.
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Table D.1. Business cycle statistics, managed exchange rates

σX σX/σYR corr(Xt, YR,t)
Variable Data Model I Model II Data Model I Model II Data Model I Model II
YR 1.51 1.55 1.80 1 1 1 1 1 1
CR 1.98 1.91 1.91 1.31 1.23 1.06 0.74 0.74 0.61
IR 4.15 10.47 11.31 2.74 6.74 6.28 0.78 0.49 0.21
U 13.18 13.09 13.09 8.71 8.42 7.27 -0.57 -0.59 -0.51
XR 4.43 2.18 3.32 2.93 1.40 1.84 0.37 0.73 0.11
IMR 5.03 2.70 5.92 3.33 1.74 3.29 0.67 0.44 -0.26
TBR/YR 1.13 0.54 0.69 0.75 0.35 0.38 -0.47 0.10 0.38
TOT 2.19 0.58 2.54 1.45 0.37 1.41 -0.50 -0.64 -0.60

corr(YR,t, Y
∗
R,t) 0.34 0.27 0.24

corr(CR,t, C
∗
R,t) 0.08 0.02 0.02

Note: Data moments refer to the period 1998:Q1-2007:Q4;
σX ≡ standard deviation of variable X (percentage points);
corr(Xt, YR,t) ≡ contemporaneous correlation of variable X with data-consistent, real GDP;
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.
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Figure D.1. Home productivity shock, incomplete markets with managed exchange rates.
Responses show percentage deviations from steady state. Unemployment and current ac-
count are in deviations from steady state.
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Figure D.2. Home productivity shock, managed exchange rates, incomplete markets (solid
lines), financial autarky (dash-dotted lines), complete markets (dashed lines). Responses
show percentage deviations from steady state. Unemployment and trade balance are in
deviations from steady state.
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Figure D.4. Productivity shock under different asset market and exchange rate policy
assumptions: financial autarky and fixed exchange rate (dash-dotted lines), incomplete mar-
kets and fixed exchange rate (solid lines), complete markets and managed exchange rates
(dashed lines). Responses show percentage deviations from steady state. Unemployment
and trade balance are in deviations from steady state.
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Figure D.5. Terms of trade shock under different asset market and exchange rate policy
assumptions: financial autarky and fixed exchange rate (dash-dotted lines), incomplete mar-
kets and fixed exchange rate (solid lines), complete markets and managed exchange rates
(dashed lines). Responses show percentage deviations from steady state. Unemployment
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Table D.2. Business cycle moments under different asset markets, managed exchange rates

Financial Autarky Incomplete Markets Complete Markets
Variable Model I Model II Model I Model II Model I Model II
YR 2.01 1 1 2.01 1 1 1.55 1 1 1.80 1 1 2.07 1 1 2.22 1 1
CR 2.01 1 1 2.01 1 1 1.91 1.23 0.74 1.91 1.06 0.61 0.70 0.34 -0.06 0.71 0.32 -0.13
IR 8.75 4.35 0.68 8.80 4.37 0.67 10.47 6.74 0.49 11.31 6.28 0.21 13.77 6.64 0.40 14.31 6.43 0.26
U 14.19 7.06 -0.71 14.20 7.06 -0.71 13.09 8.42 -0.59 13.09 7.27 -0.51 13.45 6.48 -0.56 13.46 6.05 -0.52
NE 8.82 4.38 0.68 8.84 4.40 0.68 10.67 6.86 0.51 11.37 6.32 0.24 14.08 6.79 0.41 14.53 6.53 0.29
XR 1.74 0.86 0.97 4.50 2.23 0.40 2.18 1.40 0.73 3.32 1.84 0.11 4.41 2.13 0.99 4.87 2.19 0.71
IMR 1.74 0.86 0.97 4.50 2.23 0.40 2.70 1.74 0.44 5.92 3.29 -0.26 2.57 1.24 -0.79 6.19 2.78 -0.63
TBR/YR 0 0 0.73 0 0 0.73 0.54 0.35 0.10 0.69 0.38 0.38 0.88 0.42 0.95 0.95 0.43 0.96
TOT 0.48 0.24 -0.94 1.99 0.99 -0.20 0.58 0.37 -0.64 2.54 1.41 -0.60 1.47 0.71 -0.95 2.96 1.33 -0.75

corr(YR,t, Y
∗
R,t) 0.004 0.004 0.27 0.24 0.21 0.19

corr(CR,t, C
∗
R,t) 0.004 0.004 0.02 0.02 0.69 0.67

Note: For every Model, the first column reports absolute standard deviations (σX , percentage points),
the second column reports standard deviations relative to real, data-consistent GDP (σX/σYR),
and the third column reports contemporaneous correlations with real, data-consistent GDP (corr(Xt, YR,t));
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.
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Table D.3. Welfare cost of business cycles under different asset markets, managed exchange
rates

∆Welfare
Financial Autarky Incomplete Markets Complete Markets

Model I 2.12 1.96 0.25
Model II 4.39 4.12 3.15
∆Welfare ≡ change in welfare cost of business cycles (percentage of steady-state consumption);
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.

Table D.4. Complete markets under managed exchange rates

σX σX/σYR corr(Xt, YR,t)
Variable Data Model I Model II Data Model I Model II Data Model I Model II
YR 1.51 2.07 2.22 1 1 1 1 1 1
CR 1.98 0.70 0.71 1.31 0.34 0.32 0.74 -0.06 -0.13
IR 4.15 13.77 14.31 2.74 6.64 6.43 0.78 0.40 0.26
U 13.18 13.45 13.46 8.71 6.48 6.05 -0.57 -0.56 -0.52
XR 4.43 4.41 4.87 2.93 2.13 2.19 0.37 0.99 0.71
IMR 5.03 2.57 6.19 3.33 1.24 2.78 0.67 -0.79 -0.63
TBR/YR 1.13 0.88 0.95 0.75 0.42 0.43 -0.47 0.95 0.96
TOT 2.19 1.47 2.96 1.45 0.71 1.33 -0.50 -0.95 -0.75

corr(YR,t, Y
∗
R,t) 0.34 0.21 0.19

corr(CR,t, C
∗
R,t) 0.08 0.69 0.67

Note: Data moments refer to the period 1998:Q1-2007:Q4;
σX ≡ standard deviation of variable X (percentage points);
corr(Xt, YR,t) ≡ contemporaneous correlation of variable X with data-consistent, real GDP;
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.
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Table D.5. Welfare cost of business cycles under different asset markets and monetary
policies

∆Welfare
Financial Autarky Incomplete Markets Complete Markets

Fixed Exchange Rates Fixed Exchange Rates Managed Exchange Rates
Model I 1.97 2.15 0.25
Model II 4.72 4.29 3.15
∆Welfare ≡ change in welfare cost of business cycles (percentage of steady-state consumption);
Model I ≡ productivity shocks only; Model II ≡ productivity and terms of trade shocks.
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Appendix E

ACCOUNTING PROFIT VERSUS ECONOMIC PROFIT

The entrants in the self-employed sector are unique in that they are initially unemployed

workers. In other words, whether an unemployed worker decides to enter the market as a

firm or not is also dependent on the worker’s value of unemployment and self-employment.

Thus the value of self-employment to an individual is not only dependent on the profits one

earns today but also on the outside option of the worker:

es,t = ds,t − ω̄s,t + Et

[
∞∑

j=t+1

(1− δ)j−tβt,j(dj − ω̄j)

]
(E.1)

where

ω̄s,t = ub + (1− δS)Et βt,t+1ιt+1S
W
t+1 (E.2)

Since switching to self-employment implies the worker is essentially giving up the unemploy-

ment benefits and the possibility of being matched to a hired job next period, the outside

option ω̄s,t can be interpreted as the opportunity cost of self-employment.

The value of a hiring firm is the profit it earns this period plus the present discounted

value of the firm:

eh,t = dh,t + (1− δH)Et βt,t+1eh,t+1 (E.3)

From this equation, using backward induction it is possible to show that eh,t equals the future
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discounted stream of profits:

eh,t = Et
∞∑
j=t

(β(1− δH))j−t
(
Cj
Ct

)−γ
dj,t (E.4)

Furthermore, value of self-employed firm changes since the possibility of hiring firms

exiting changes the outside option of self-employment (ω̄s,t):

es,t = ds,t − ω̄s,t + (1− δS)Et βt,t+1eS,t+1 (E.5)

where

ω̄s,t = ub + (1− δS)(1− δH)Et βt,t+1ιt+1S
W
t+1 (E.6)
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Appendix F

STEADY STATE ANALYSIS

In steady state, from the definition of aggregate employment and law of motion,

L = NH lh +NS

= NH [(1− λ)lh + qv] +NS

= (1− λ)(L−NS) + qvNH +NS (F.1)

Matches are equal to vacancy filling rate times aggregate vacancies:

M = qV

= q(vNH + vENHE)

= lhNHδH + (1− δH)qvNH

= (δH + λ(1− δH))(L−NS) (F.2)

Since new matches are also equal to total number of separations (M = qV = λtotL), total

separation rate λtot can be written as:

λtot = [δH + λ(1− δH)]

(
1− NS

L

)
(F.3)

where NS
L

is the self-employment rate as a fraction of total employment.
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Appendix G

EFFICIENT ALLOCATION

The social planner chooses {CH,j, CS,j, LH,j, NS,j,MS,j, Vj}∞j=t to maximize the intertem-

poral utility function:

Et
∞∑
j=t

βj−t

(
C1−γ
j

1− γ

)
(G.1)

subject to the following constraints:

LH,t = (1− λ)(1− δH)LH,t−1 + χ(1− (1− λ)LH,t −NS,t)
ξV 1−ξ

t (G.2)

Yt = Ct + κVt + (frh + fTh) {NH,t − (1− δH)NH,t−1}+ (frs + fTs) {NS,t − (1− δS)NS,t−1}

(G.3)

ρ(NH,t)ZH,tLH,t = CH,t +Ms,tNS,t (G.4)

ρ(NS,t)ZS,tMs,tNS,t = CS,t (G.5)

where expressions for Ct and Yt are:

Ct =

[
(1− α)1/φC

φ−1
φ

H,t + α1/φC
φ−1
φ

S,t

] φ
φ−1

(G.6)

Yt =
[
(1− α)1/φ(ρ(NH,t)ZH,tLH,t)

φ−1
φ + α1/φ(ρ(NS,t)NS,tZS,tMs,t)

φ−1
φ

] φ
φ−1 (G.7)

Note that the planner internalizes the variety effect on the relative price; hence ρ(NH,t) =

N
1

θH−1

H,t and ρ(NS,t) = N
1

θS−1

S,t . Law of motion on aggregate employment in the hiring sector

(equation (G.2)) is derived by combining the firm-level equations. Recall the law of motion
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for hiring firm-level employment:

lh,t = (1− λ)lh,t−1 + qtvt (G.8)

Since LH,t = NH,tlh,t, multiplying NH,t on each side and rewriting the equation gives us:

LH,t = (1− λ)Lh,t−1
NH,t

NH,t−1

+ qtvtNH,t (G.9)

Using the law of motion for hiring firms (eq. (2.15)), the expression above becomes:

LH,t = (1− λ)LH,t−1
(1− δH)NH,t−1 +NHE,t

NH,t−1

+ qtvtNH,t

= (1− λ)(1− δH)LH,t−1 + (1− λ)

(
lh,t − qtvt

1− λ

)
NHE,t + qtvtNH,t

= (1− λ)(1− δH)LH,t−1 + qtvE,tNHE,t + qtvtNH,t

= (1− λ)(1− δH)LH,t−1 + qtVt

Replacing qt with the expressionMt/Vt = χ(1−(1−λ)LH,t−NS,t)
ξV −ξt gives equation (G.2).

Let µt, λt, ξH,t, and ξS,t denote the Lagrange multiplier on the law of motion for hiring

sector employment, resource constraint, and output clearing equations in hiring and self-

employed sector respectively. The first-order conditions with respect to CH,t, CS,t, LH,t, Vt,
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NH,t, NS,t, Ms,t are the following:

ξH,t −
(
C−γt − λt

) ∂Ct
∂CH,t

= 0 (G.10)

ξS,t −
(
C−γt − λt

) ∂Ct
∂CS,t

= 0 (G.11)

µt

(
∂Mt

∂LH,t
− 1

)
+ ξH,tρ(NH,t)ZH,t + λt

∂Yt
∂LH,t

+ β(1− λ)(1− δH)Et µt+1 = 0 (G.12)

µt
∂Mt

∂Vt
− κλt = 0 (G.13)

ξH,t (ρ′(NH,t)ZH,tLH,t + ρ(NH,t)ZH,tlh,t) + λt

(
∂Yt
∂NH,t

− (frh + fTh)

)
+ β(1− δH)Et(frh + fTh)λt+1 = 0

(G.14)

µt
∂Mt

∂NS,t

− ξH,tMs,t + ξS,t (ρ′(NS,t)ZS,tMs,tNS,t + ρ(NS,t)ZS,tMs,t)

+λt

(
∂Yt
∂NS,t

− (frs + fTs)

)
+ β(1− δS)Et(frs + fTs)µt+1 = 0 (G.15)

−ξH,tNS,t + ξS,tρ(NS,t)ZS,tNS,t + λt
∂Yt
∂Ms,t

= 0 (G.16)

Combining the first-order conditions for CH,t and CS,t gives the marginal rate of substi-

tution between the two sector goods:

ξH,t
ξS,t

=

(
αCH,t

(1− α)CS,t

)−1/φ

(G.17)

Using the same two first conditions and condition (G.16), one can simplify the expression

further by defining At as

At ≡
(
CS,t
αYt

)1/φ
[

1

ρ(NS,t)ZS,t

(
CH,t

(1− α)Ct

)−1/φ

−
(
CS,t
αCt

)−1/φ
]

(G.18)

Then the Lagrange multiplier λt can be written as:

λt =
Ct
−γ

1 + At
;

λt+1

λt
=

(
Ct+1

Ct

)−γ
1 + At

1 + At+1

(G.19)
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Combining conditions (G.13) and (G.12) and utilizing the expressions of λt above, the

job creation equation is derived as:

κ

qt
= (1− ξ)ρ(NH,t)ZH,t

[
At

(
CH,t

(1− α)Ct

)−1/φ

+

(
ρ(NH,t)ZH,tLH,t

(1− α)Yt

)−1/φ
]

− (1− λ)ξιt
κ

qt
+ (1− λ)(1− δH)Et βt,t+1

(
1 + At

1 + At+1

)
κ

qt+1

(G.20)

Rewriting the first-order conditions (G.14) and (G.15) using the expressions above for

the Lagrange multipliers gives the free entry condition for the hiring and self-employed firms

respectively:

(frh + fTh) =
θH

θH − 1
ρ(NH,t)ZH,tlh,t

[
At

(
CH,t

(1− α)Ct

)−1/φ

+

(
ρ(NH,t)ZH,tLH,t

(1− α)Yt

)−1/φ
]

+ (1− δH)Et βt,t+1

(
1 + At

1 + At+1

)
(frh + fTh) (G.21)

(frs + fTs) =
θS

θS − 1
ρ(NS,t)ZS,tMs,t

[
At

(
CS,t
αCt

)−1/φ

+

(
ρ(NS,t)NS,tZS,tMs,t

αYt

)−1/φ
]

− At
(

CH,t
(1− α)Ct

)−1/φ

Ms,t −
ξ

1− ξ
ιt
κ

qt
+ (1− δH)Et βt,t+1

(
1 + At

1 + At+1

)
frs

(G.22)
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