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Chair of the Supervisory Committee:
Paul F. Glaser Professor Fabio Ghironi
Department of Economics

This dissertation studies the effects of structural reforms. In Chapter 1, I analyze the dis-
tributional consequences of structural reforms based on a theoretical model, for to my best
knowledge, existing studies on the issue are empirical ones only. I build up a tractable
framework, which measures the impacts of the reforms on inequality by the Gini coefficient
and the labor share in GDP that are determined endogenously. The framework incorporates
endogenous firm entry as in Bilbiie, Ghironi, and Melitz (2012), labor market friction as
in Mortensen and Pissarides (1994), and translog preferences as in Feenstra (2003). And
it is extended with simple heterogeneity in households by distinguishing them between the
household of workers and that of entrepreneurs. The main results of the chapter are as
follows. First, product market reform represented by the reduction of the regulatory entry
costs improves income equality in any measures. As the employment rate goes up after the
reform, the overall income concentration falls, and it causes the Gini coefficient to decline.
Also, the labor share rises by the combined effects of the increase in overall wage and the
decrease in markup, following the influx of new entrants. Second, less strict employment pro-
tection represented by lowering the costs related to firing employees rather lowers the Gini
coefficient more than the product market reform does, though this reform has little negative
impact on the labor share. Third, less generous unemployment benefits certainly worsen

inequality in any measures. It is because the reform directly widens the income gap between



the unemployed and the employed, and limits wage increase since the lower replacement rate
reduces workers’ outside option.

Chapter 2! investigates the effects of product market reform in granular economies. We
set up a baseline model by modifying the Ghironi and Melitz (2005) model, and later extend
it with idiosyncratic shocks. First, we find out that the overall effects of the structural
reforms are heterogeneous according to the degrees of granularity of countries. The reforms
in granular economies are likely to be associated with larger long-run gain but with bigger
short-run pain, compared to the reforms in non-granular economies. Second, the product
market reform also affects the degree of granularity by changing the cutoff productivity and
the number of operating firms. In the immediate aftermath of the reform, the economy
rather becomes more granular than before as the number of operating firms decreases due to
the jump of cutoff productivity caused by fierce competition. However, the number of firms
gradually recovers, making the economy less granular over time. Third, in the extended
model with idiosyncratic shocks, we find out that aggregate volatility temporarily increases,
while it eventually decreases in the long-run. Also, the magnitude of impacts of the reforms

on aggregate volatility is larger in granular economies.

LCo-authored with Fabio Ghironi, Department of Economics, University of Washington, Seattle, WA
98105-3330, U.S.A.
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Chapter 1

THE DISTRIBUTIONAL CONSEQUENCES OF
STRUCTURAL REFORMS

1.1 Introduction

Despite the broad consensus that structural reforms can contribute to long-run economic
growth, the reforms have been hardly welcomed by the publicl. The main reasons for the
opposition are first, so-called “short-term pain” of the reform such as reform-driven layoffs
in its immediate aftermath, and second, the fear of worsening inequality. Unlike the former
which has been studied actively in the literature of structural reforms, the latter, the impact
of the reforms on inequality is not clear yet due to limited research. Earlier papers on this
issue such as Card et al. (2003) and Bhanumurthy et al. (2004) cover a specific reform mea-
sure and/or a country only. Recently, Causa et al. (2015, 2016) conduct more comprehensive
analysis based on the OECD cross-country evidence, but as empirical studies?, they still have
limits to the capacity in studying the short- to medium-run dynamics of the distributional
impacts as well as the mechanism through which the reforms affect income distribution.
On this backdrop, this chapter analyzes how structural reforms affect income distribution
with a theoretical model. T build up a tractable framework based on Cacciatore and Fiori
(2016), which incorporates endogenous firm entry as in Bilbiie, Ghironi, and Melitz (2012),

labor market friction as in Mortensen and Pissarides (1994), and translog preferences as in

!The following news headlines show how difficult the implementation of structural reforms is around the

world: “Macron faces first major strike as unions oppose planned reforms.” (Bloomberg, Mar. 22, 2018);
“Argentine truckers block capital streets to protest Macri reforms.” (Reuters, Feb. 21, 2018); “India’s
voters bite back against Prime Minister Modi’s economic reforms.” (CNBC, Dec. 18, 2017); “South
Korean unions ramp up pressure on Moon over labor reform.” (Financial Times, Jun. 26, 2017).

2To my best knowledge, there is no theoretical analysis on the distributional consequences of structural
reforms in the existing literature.



Feenstra (2003). I extend the model with simple heterogeneity in households by distinguish-
ing them between the household of workers and that of entrepreneurs, to enable inequality
analysis while maintaining model tractability. In this setup, there exists income inequality at
an individual- and a household-level as shown in Figure 1.1. Within the working household,
there is individual earnings dispersion due to the ex-post heterogeneity, and it is measured by
the Gini coefficient, the traditional indicator of inequality. Also, there is income inequality
across households, which is represented by the labor share in total income because labor
income is held by the working household while non-labor income is held by the household of
entrepreneurs.

The main finding based on the theoretical model is that structural reforms do not nec-
essarily worsen inequality but have heterogeneous distributional effects according to reform
measures as well as time horizon. First, the product market reform rather improves equality,
for the reform promotes competition among firms in the product market and decreases overall
return on investment while it raises employment and wages. Second, one of the labor market
reforms, making it easier to fire employees, surprisingly decreases the dispersion of labor
income measured by the Gini index, while it slightly lowers the labor share in GDP. Third,
another labor market reform, the reduction in unemployment benefits, unquestionably wors-
ens inequality, as it widens not only the gap between the unemployed and the employed but
also the gap between workers and investors. Fourth, a reform package made by implementing
the above reforms simultaneously leads to significant adverse impacts in the short-run but
eventually improves equality as the reform package bring gains in the long-term. So, this
research suggests that policymakers need to smooth out the immediate disequalizing effects
of the reforms by implementing the labor market reforms, particularly the less generous un-
employment benefit, later than the product market reform. This sequencing would enhance
the public reception of the reforms until the long-term benefits materialize.

The rest of the chapter is organized as follows. Section 1.2 describes the details of the
model. Section 1.3 explains calibration strategies and grounds for the choices of parameter

values. Section 1.4 introduces the inequality measures used in this paper. Section 1.5 in-



vestigates the short- to long-term distributional impacts of each structural reform measure
and identify primary drivers behind the results. Section 1.5 studies the distributional effects
under an alternative, more realistic taxation scenario. Lastly, Section 1.7 attempts to derive

policy implications on the desirable sequence of the reforms.

1.2 The Model

1.2.1 Households
Household Heterogeneity

There are two types of households: workers and entrepreneurs. This distinction is inherent
and there is no movement between the households. The household of workers consists of a
unit mass of members who can supply only labor to make a living. Although they are ex-ante
identical, there is ez-post heterogeneity in individual earnings depending on their employment
status and job matches. The other household consists of a unit mass of entrepreneurs who
owns firms and invests in physical capital. To avoid the problem of keeping track of one’s
return to investment, members of this household are assumed to share the total income
equally. Also, following Merz (1995), each household is regarded as a large family and full
consumption insurance within each household is assumed.

This simplicity accompanies with a few concessions. The Gini coefficient, the main mea-
sure in the model indicates inequality in labor income only. Even though the relative share
of labor and non-labor income in GDP is also taken into consideration to check the entire
distributional consequences, it still has a limit to some extent, because non-labor income is
assumed to be equally shared by entrepreneurs. However, if both measures, the Gini coeffi-
cient and the labor share in GDP are used in a complementary manner, in other words, if the
change in the labor share is interpreted as an additional source of income inequality, then the
simple heterogeneity in households can be a reasonable choice for studying inequality. Ac-
cording to empirical studies like OECD (2011), capital income is more unevenly distributed

than labor income. So, ceteris paribus, a decrease in labor share is associated with an increase



in the degree of inequality.

The simple distinction between the households not only enables inequality analysis but
also provides several benefits. A concern over assuming household heterogeneity is that it
usually sacrifices tractability of the framework significantly. But this simple heterogeneity
offers enough layers and sources of income inequality while preserving tractability as well.
It makes this setup reasonable for the analysis on distributional impacts, considering that
the purpose of this study is not about finding out where the current level of inequality origi-
nates, but about investigating how the reforms make changes to the given level of inequality.
Next, it clearly shows the income distribution between economic classes, particularly be-
tween employees and employers, and between labor and capital which has been received

much attention traditionally.

The Working Household

The unit mass of working household supplies labor to make a living. If a member is matched
to a job ¢ of which productivity z;; at a firm w, she receives wage payment w,, ;(z; ;) and pays
income tax according to the tax rate ;. Unlike the standard setup in the literature with the
assumption of a lump-sum tax, I apply a proportional tax with a single rate over wages to
be able to identify individual disposable incomes and the effect of taxation on income distri-
bution. On the other hand, if one is unemployed, she stays at home and makes h, amount of
home production. Also, she is exempted from tax and rather receives unemployment benefit
up until she finds a job. As in Cacciatore and Fiori (2016), the household cannot choose how
many members work, but it is determined by the labor matching process. Hence, though
members are ex-ante homogeneous, their ex-post employment status and wages are hetero-
geneous and endogenously determined by economic conditions. The household maximizes

the expected intertemporal utility function

- s—t CI%VT,L;Y

s=t



where 3 is the discount factor, and Cw,; = C/, + hy(1 — L;) is total consumption of the
working household which consists of the consumption of market goods, denoted with C’{,‘V{t,
and home-produced goods by unemployed members, represented by h,(1 — L;). The maxi-

mization is subject to the following budget constraint for the consumption of market goods
Civy = (1= 7)WLy + up(1 — Ly) (1.2)

where w0, is the average wage of employed household members. The constraint shows that to-
tal earnings are the sum of disposable wage incomes of the employed and the unemployment
benefits given to the unemployed. Here, the total unemployment benefit is assumed to be
fully financed by the wage tax revenue, 70, L; = up(1 — L;). This can be understood as fol-
lowing the benefit principle because the unemployment benefits are only for the unemployed
in the working household.®> Then, the household’s budget constraint for total consumption

boils down to

CWJ = UNJtLt ‘I— hp(l - Lt) (13)

The Entrepreneur Household

The other household consists of a unit mass of entrepreneurs who invests in physical capital,
K; and holds mutual fund shares, x;. For simplicity, the investment is jointly executed by
the household members, and the total income from the investment is shared equally and
spent for the household’s common consumption. As previously stated, investment income is

not taxable. This household also maximizes the expected intertemporal utility function

3Later, I also consider an alternative taxation scenario, in which all kinds of income are taxable. Refer
to the Section 1.6.
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subject to the following budget constraint for consumption of market goods, C’gt
C]E\{t + €t<Nt + NE7t).ﬁL't+1 + It = (dt + et>Nt$t + Tth (15)

where e, is real price of a claim to the future dividend stream of the mutual fund, N; and Ng;
are the number of firms and that of entrants, respectively, x; is the mutual fund shareholding
at the beginning of period ¢, d; is the mutual fund dividend which is equal to the profit of
each firm, [; is investment in physical capital, and r; is the rental rate of physical capital.
Capital accumulation obeys the following law of motion under one period time-to-build lag
as well as convex adjustment costs in physical investment for generating empirically observed
pattern of aggregate investment.
I

Kii = (1— 6x)K; + 1 {1 - %”<Z - 1)2} (1.6)

where dy is the depreciation rate of capital and v > 0 is a scale parameter.
Then, from the first order conditions of entrepreneur household’s utility maximization

problem, the Euler equation for shareholdings is given by
er = (1—90)E; {Bt,ﬂrl(dﬂrl + €t+1)] (1.7)

where 8,41 = B(CEy,/CF,)™7. And the Euler equation for capital accumulation is as

follows

G=E [ﬁt,t—i-l (Tt+1 + (1 - 5K)Ct+1>] (1.8)



where (; is a shadow value of capital.

Translog Preferences

Following Feenstra (2003), I assume the translog form for the consumption aggregator
CM = Cy, + Cg, because the standard constant elasticity of substitution (CES) prefer-
ences significantly limit changes in the labor share by making the markup constant. Under
the translog preferences, however, the markup becomes time-varying, particularly depending
on the number of firms which is endogenously affected by the product market reform. The

unit expenditure function on the basket of market goods CM is given by

1 1 1 o
InP, = % (E — ﬁ) + ﬁt / Inpy, rdw + Q_Nt / / Inp: (lnpwyt — lnpw,vt)dwdw/ (1.9)

wEN: WEN wIEN:

where o is the price-elasticity of spending share on an individual good and N is the total
number of products conceivably available, which is different from N, the number of available

products at time ¢.

1.2.2 Firms

A continuum of monopolistically competitive firms produces different varieties. Following
Ghironi and Melitz (2005), I assume that a firm is regarded as a production line for indi-
vidual good. Each firm has a continuum of jobs in a firm, and a job is filled by one worker.
Idiosyncratic job productivity z;; is a per-period i.i.d. draw from a time-invariant distribu-
tion, whereas there is no firm-specific productivity. Hence, the productivity of a firm w is

determined by the average productivity of jobs within the firm.



CES Production Function

A filled job 7 in a firm w produces thi,t(aKfcﬁ,t + OéL)é amount of output, where Z; is
aggregate productivity and l%w,t = kyt/lu+ denotes the amount of physical capital allocated
to the job. Then, the production of the firm w is given by the following CES production

function

Yurt = Ztgw,t(@Kkg,t + Oleﬁ,t)é (1.10)

where ¢ determines the substitutability of the inputs, and ax and «y, are capital and labor
share in production respectively. This CES production function is more appropriate for the
inequality analysis than the Cobb-Douglas function, for it allows flexible changes in the labor
share together with the time-varying markup. The average job productivity within the firm
w is defined by

: = / L dG() (1.11)

ot = ————— z z .

! 1- G(ZE) t) z&
’ w,t

where 2, is an endogenously determined threshold productivity. A job with lower produc-

tivity than the threshold is destroyed, and the firm incurs a firing cost F'. Jobs can also be

terminated with exogenous probability A.

Labor Friction

Labor matching process is set as in Mortensen and Pissarides (1994). To post a vacancy,
a firm pays fixed costs k, and the vacancy is filled by constant returns to scale matching
technology M; = YUfV,'"¢ where y is matching efficiency, U, = 1 — L, is the mass of
unemployed members, V; is the total number of vacancies posted at period ¢, and € denotes
matching function elasticity. Newly created matches are assumed to become productive after

one period. Then, the law of motion of employment in a firm w is given by



lwﬂg = (1 — )\)(1 — G( wt))aw,tfl + qt,lvw,t,l) (112)

where ¢, = M, /V; represents matching rate. The surplus of a job match is divided between
the employee and the firm by an exogenous bargaining weight 77. The bargained wage is

defined by

0 w,t <, 0 w, kw Vi
ww,t(Zi,t) =(1- )(h +Ub)+77{<ﬂwt(a?; ;z i az il ;) +mﬁi

(1.13)

3 5 0 k
+|1—-(1- St)Etﬂt,t+1:| F+(1—s1)Eifrs1 {( G(Zt+1))90t+1 Yi+1 t+1:|
Oki1 i

where ¢, denotes the marginal cost of production of the firm w, s, = M, /U, is job-finding
probability, and G441 = (1—8)(1—\)B(CY #i1/Chy) 7, following the notations in Cacciatore
and Fiori (2016).

Profit Mazximization

Under the translog preferences, a firm w faces the following demand for its product

0 \ BYs
Yuwt = 0ln (&) Gl (1.14)
pw,t pw,t

where Y, is aggregate demand, p,; is the nominal price of the good w, and p; denotes the
maximum price that the firm can set while keeping a positive market share.

Then, a firm w chooses the threshold productivity z{ ,, the real price of the good p, .,

w,t?
the amount of physical capital k&, ;, the number of workers [, and the number of vacancy

postings v,,; to maximize the present discounted value of real profits

max F;

i /Bt,s(]- - 6)S_tdw,s] (115)

s=t
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subject to (1.10), (1.12), and (1.14) constraints, and j3, s = B(CE,,,/CE,) ™. And the firm

w’s per-period real profit d,; is given by

dw,t = pw,tyw,t - Ttkw,t - ww,tlw,t - livw,t - G(Zf;,t)(l - A)(lw,t—l + qt—lvw,t—l)F (]-]-6)

where W, = [3 we(2)dG(2)/[1 — G(25,)] is the average wage of jobs in the firm.
By combining the first-order conditions with respect to [, and v,,, the following job

creation equation is obtained with the Lagrange multiplier ¢, ; of the constraint (1.10)

- oY, - K
= Et{ﬂt,tﬂ [(1 - G(Zf;,t—i-l)) (‘Pw,tHM — Wy 41 + —) - G(Zz,t+1)F:| } (1.17)

K
qt alw,t—i—l qt+1
which equalizes the marginal benefit and the marginal cost of a vacancy posting. And the

first-order condition with respect to 2, yields the following job destruction equation

it 2o . K
Py 2ot g (22) + — = —F (1.18)

which implies the net value of a job with 2 , is equal to zero. The first-order condition with
respect to p, ¢ yields py: = i 1Pwt, Where time-varying markup g, = 1+ In(p/po,). Last,
the first-order condition with respect to k,; implies @, ¢(Oyw/Oky ) = 11, wWhich equalizes

the marginal revenue and the marginal cost of capital.

Endogenous Firm Entry

I assume endogenous entry as in Bilbiie, Ghironi, and Melitz (2012). There is an unbounded
mass of prospective entrants who are forward-looking and can anticipate the expected future

profits. Upon entry, firms have to pay sunk entry costs fr imposed by regulatory barriers
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to entry, and recruit workers to fill their jobs. Firms will enter as long as their present
discounted value of the expected stream of profits equals to entry costs. So, the free entry

condition is
Cop = [ = fr+ w05, (1.19)

where e, ; = E; [ Zgitﬂ Brs(1— 5)S_tdw,s] denotes expected post-entry value. Firms exit the
market only when an exogenous shock with a probability ¢ hits them. So, the number of

firms at period t is given by the following the law of motion
Ny =(1=06)(Ni—1 + Ngy1) (1.20)

1.2.3  Symmetric Equilibrium

As Cacciatore and Fiori (2016) prove, producers’ decisions are determined only by aggregate
conditions under i.i.d. idiosyncratic job productivity and linear costs for hiring and firing
workers. Then, every firm chooses the same cutoff productivity and the same mass of em-
ployees no matter whether it is an incumbent or an entrant. Therefore, the model features
a symmetric equilibrium, implying firm values, prices, and quantities at the equilibrium are
identical across firms.

In the symmetric equilibrium, the markup becomes a function of the number of firms N;

as in Bilbiie et al. (2012)

1
,ut = 1 + U_]Vt (1‘21)

which implies that the endogenous markup decreases as more firms compete in the market.

The equilibrium price index is also defined by a function of N,
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1N — N,
_ _ LN - 1.22
pi exp( 2 oNN, ) (1.22)

Total amount of physical capital and that of employment is given by K; = N;k; and L; = Ny,
respectively. And total vacancies are the sum of the vacancies posted by incumbents and
new entrants: V; = Nyv,+ Ng,vg,, where the vacancy posting of the entrants includes initial
labor requirement for starting business vg; = v + [;/q. From those aggregate equilibrium

conditions, the following law of motion

Li=(1=XN(Li1+q-1Vi) (1.23)

is for employment at the aggregate level. Finally, aggregate resource constraint is obtained

as follows

G(zf
- t

from the budget constraints of the two types of households and equilibrium aggregate con-

ditions.

1.3 Calibration

The model can be solved only numerically under specific parameter values due to its nonlin-
earity of the equilibrium conditions. So, I calibrate the model by following the conventional
values of parameters used in the relevant literature as well as the strategy to match the
features of the eurozone macroeconomic data from 1995 to 2013 as in Cacciatore and Fiori
(2016). Also, I modify and add a few parameters according to the changes and new features

of the model.



13

First, I set the two parameters of the lognormal distribution for idiosyncratic job pro-
ductivity: the lognormal mean p, = 0 and the lognormal shape o, = 0.2. According to
Clementi and Gallegati (2005), the choice of lognormal distribution can be reasonable, for
the empirical income distributions are consistent with a two-parameter lognormal function,
particularly for the low-middle income group. The lognormal parameters, especially the
latter, have significant influences on the distribution of wage and ultimately on the Gini
coefficient, for the wage is a function of job productivity. One important caveat here is the
lognormal shape parameter needs to be higher than 0.2 to replicate the Gini coefficient in
the Euro area. However, the value also affects the variability of unemployment relative to
GDP and the transition dynamics. Therefore, I take a value as high as possible to approach
the empirical Gini coefficient, while it still does not create problems in the dynamics.

As for the parameters in the CES production function, I set the elasticity of substitution
in production ¢ with —0.3 by following empirical studies on the Euro area in Klump et al.
(2012). In order to match the labor share to 61 percent of GDP which is the average labor
share in the Euro area, I set the labor share in production aj, and capital share in production
ak as 0.4 and 0.6, respectively. The share parameters a, and ax together with the elasticity
¢ play an important role in determining the labor share in GDP.

Regarding the three exogenous policy variables, the regulatory entry costs fr is set such
that the total cost paid by entrants is 1.99 percent of GDP, following the procedure taken by
Cacciatore and Fiori (2016). And I calibrate the unemployment benefit u;, at 62 percent of
the average wage w in line with the replacement rate in the Euro area while the firing costs
F'is set to match the target area’s average unemployment rate, 9 percent.

Next, I calibrate the following parameters according to the conventional values in the
literature. I set the discount factor 5 = 0.99, the risk aversion v = 1, and the exogenous firm
exit rate 6 = 0.025. Regarding the parameters related to the labor market friction, I use the
matching efficiency x = 0.43 and the exogenous job separation A = 0.025. And the workers’
bargaining power n = 0.6 and matching function elasticity ¢ = 0.6 are set with an identical

value to meet the Hosios condition. I set the parameters for the translog aggregator: the
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mass of products N = 100 and variety elasticity ¢ = 3.12. The depreciation rate of capital
and the adjustment cost scale are set by 0x = 0.025 and v = 1.5. Aggregate productivity Z
is normalized as one. The vacancy posting costs x = 0.19 and home production h, = 0.66

are also set to match the Euro area macro data. Table 1.1 summarizes the calibration result.

1.4 Inequality Measures

the Gini Coefficient

Based on the setup and the calibration, one of the inequalities in the model, individual
earnings inequality within the working household, can be measured by the Gini coefficient
calculated with the after-tax wage distribution across the employed members, the unem-
ployment benefit, and the employment rate. First, I draw a Lorenz curve with simulated
data from the above system as shown in 1.2, of which concept is displayed in Figure 1.3.
As unemployed members U; equally receive the lowest earning which is the unemployment
benefit wu;, the far-left part of the Lorenz curve becomes a straight line with its slope uy,/w L.
However, the right part of the Lorenz curve is a concave upward curve as usual, because
each employed member earns a different wage w;(z) based on one’s job productivity and
pays tax according to the endogenous tax rate 7. The distribution of disposable income
can be obtained from the job productivity distribution as well as information on wage and
tax. Then, the endogenous, time-varying Gini coefficient is calculated by computing the area
below the Lorenz curve.

As a starting point, it is known that the Gini coefficient in a world with only two levels
of income is simply the difference between the portion of the rich group in total income and
that of the group in population, which is b—a in Figure 1.4, and the Gini coefficient is greater
than b—a if the Lorenz curve is a smooth curve. I call the difference “Income concentration”,
for it represents how much income is concentrated in the relatively rich group, that is the
employed in the model. Since the Lorenz curve generated by the model simulation consists

of linear and curved parts as displayed in Figure 1.3, the Gini index will be slightly larger



15

than the difference, b — a. It means the Gini coefficient is determined not only by the income
concentration but also by the dispersion of after-tax wage, which shapes the curvature of the
Lorenz curve.

Therefore, any changes in the Gini coefficient after exogenous policy shocks are made
through two channels as follows. First, changes in the “income concentration” can cause the
Gini coefficient to vary. As the employed who is a relatively richer group in the model takes
a larger portion of income, the degree of inequality measured by the Gini coefficient also

rises. In the model, the portion of the employed in total income can be expressed by

and the portion of the employed in population is just L;. So, the income concentration (IC)

is defined by

IC, =1 - (%) (1 ;Lt> ~ L, (1.26)

which depends on the employment rate L, and the benefit replacement ratio (u,/w;). From
the partial derivatives below,
0IC; 0IC;

<0, —F——<0 1.27
oL, O(up /W) ( )

we can find out that the increase in the employment rate leads to a reduction in the in-
come concentration and that so does the increase in the replacement ratio. This result is
intuitive and straightforward. As more people are incorporated into the rich group, in other
words, as more household members are hired, the income becomes less concentrated. And,
if the unemployment benefit grows faster than the average wage, it also alleviates income

concentration by raising the share of the poor group in total income.
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Second, the dispersion of after-tax wage (1 — 7;)w;(2) represented by the curvature of the
Lorenz curve also affects the Gini coefficient. The dispersion depends on three variables: the
tax rate 73, the threshold productivity zf, and the wage w;(z). Since the closed form solution

of the dispersion cannot be found, the following derivatives are obtained from simulations

aO-u)age,t

3 Tt

aO-wage,t

0zf

aO-wage,t

<0, Buwe(2)

<0, and >0 (1.28)

where 0444+ denotes the dispersion of after-tax wage measured by its standard deviation,
and wy(2) is all the wage components other than job productivity in the equation (1.13). The
first result is straightforward because the dispersion of after-tax wage falls under a higher
tax rate. With respect to the cutoff productivity, its increase leads to the decrease in the
dispersion, for the threshold is the lower bound of the wage distribution and determines
the lowest wage for the employee matched to the least productive job. Hence, its increase
reduces the wage gap between employees. Lastly, an overall increase in the wage components
widens the difference between the wage of a job with low productivity and that with high

productivity, for the latter increases faster than the former.

the Labor Share in GDP

Next, the other inequality in the model, the income inequality across the households, is
measured by the labor and the non-labor share (the sum of capital and profit income shares)
in GDP. Those shares are given by

?I)tLt Ntdt + Tth

non-labor share =

labor share =

where Y,/ = w;L; + Nyd; + rK; is the NIPA definition of GDP as total income. Using the
result from Karabarbounis and Neiman (2013), the labor share under the CES production

function in the model is approximately given by
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WL, 1
SL,t = ~ —
GDP; 223

1
— 30
el (130

where Sp; denotes the labor share. So, the labor share depends on the markup, the labor-

capital ratio, and the relative factor prices. The derivatives are

0S4
O

OSL
<0, =————>0, and
O(Le/Ky)

OSpL.
O(wy/1y)

>0 (1.31)

which implies that if the markup pu; goes up, the labor share falls because entrepreneurs take
a larger share as profit increases, and that if labor is relatively more used in production than
before or if the wage increases faster than the rental rate of capital, then the labor share

rises since the total labor income is the product of wage w; and the amount of labor L.

1.5 Analysis under the Baseline Model

1.5.1 Steady States

First, by comparing the two inequality measures in initial and new steady states, I analyze
the distributional impacts of structural reforms applied by a perfect foresight, permanent
cut in policy variables. I assume policy variables are lowered to their corresponding U.S.
levels following the convention in the literature. Table 1.3 and Table 1.4 display the Gini

coefficient and the labor share in the initial and the new steady states, respectively.

Product Market Reform

Product market reform represented by the reduction of the regulatory entry costs in the
model improves income equality in any measures. First, the reform makes the Gini coefficient
fall slightly as shown in Table 1.3. After lowering barriers to entry, the product market
becomes more competitive by the influx of new entrants. It makes the labor market tighter

and raises employment as well as wages. Also, as the unemployment rate decreases, the



18

required tax rate to finance the unemployment benefits goes down as well. These effects
raise after-tax wage dispersion and put upward pressure on the Gini coefficient. However, as
the employed group gets bigger in size, the overall income concentration falls, causing the
Gini coefficient to go down. The reduction in the income concentration has a bigger impact
than the adverse impact from the widened wage dispersion.

Second, the product market reform increases the labor share as displayed in Table 1.4.
As stated in the model section, the markup falls when the number of firms in the economy
increases. So, the reform lowers the markup significantly by boosting competition among
firms, and in turn, the lowered markup leads to bigger labor share in total income. Even
though there are changes in relative factor prices and the labor-capital ratio as well, the two
effects mostly offset each other, because they move in opposite directions. Therefore, the

change in the markup becomes a major determinant of the labor share.

Labor Market Reforms

The type of labor market reforms to be considered first is less strict employment protection
which is represented by lowering the costs related to firing employees. Contrary to the
general perception, this reform rather lowers the Gini coefficient, and more surprisingly, the
decrease in the Gini coefficient is bigger than that in the case of the product market reform.
Lowering the firing costs lets firms have an incentive to terminate relatively low productive
jobs. This causes cutoff productivity to rise and limits the wage increase. So, the wage
dispersion among the employed rather falls, unlike the product market reform which leads
to an increase in the dispersion. On top of that, the reform results in more employment at
the new steady state, which reduces income concentration. So, easier firing makes a bigger
fall of the Gini coefficient than the product market reform. Though this reform has a little
negative impact on the labor share as shown in Table 1.4, the magnitude is almost negligible
because the change toward less labor-intensive production is offset by the increase in the
labor costs. Therefore, overall easier dismissal contributes to income equality.

On the contrary, the next type of labor market reforms, less generous unemployment
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benefits worsens inequality in both inequality measures. As displayed in Table 1.3, this
reform raises the Gini coefficient significantly, compared to the other reforms. Since the
lower replacement rate (u,/w) reduces workers’ outside option, overall wages determined by
negotiation between the employers and the employees fall, making firms increase employment
by filling even jobs with low productivity. Despite the equalizing effect from the increased
employment, the income concentration rises because the unemployment benefit cut directly
widens the gap between the unemployed and the employed. In addition, both the less
unemployment benefit and the lower unemployment rate significantly reduce the individual
tax burden, causing the wage dispersion to increase. Hence, via both channels, the Gini
coefficient rises after the reform. Regarding the impact on the labor share, it is also limited
because the unfavorable impact on labor is offset by the decrease in the markup to some

extent.

1.5.2  Transition Dynamics

Next, I elaborate on the short- to medium-run distributional consequences of the above three
reform measures as well as the mix of them. Since the sizes of the shocks are big, transition
dynamics can be obtained by solving the non-linear system by using a Newton-Raphson

method as in Laffargue (1990).

Product Market Reform

Figure 1.5 displays the impulse responses to the product market reform represented by a
permanent decrease in regulatory entry costs. Lower entry barrier encourages new firms
to enter the product market, leading to overall downsizing of firms and the rise of cutoff
productivity. To finance the establishment of new firms, the entrepreneur-household has to
retrench in consumption expenditures and physical capital investment. This makes aggregate
demand to shrink, and in turn, it causes so-called “short-term pain” of the reform such as
the temporary falls in consumption, GDP, and employment in the aftermath of the reform.

On the other hand, the reform has a positive impact on income equality, especially in terms
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of the Gini coefficient. Since the initial surge of unemployment raises the required tax rate,
it reduces the individual earnings dispersion together with the immediate, sharp increase in
the cutoff productivity. Also, the labor share gradually goes up mainly due to the declining
markup.

Over time, so-called “long-term gains” of the reform emerge. As the number of firms
eventually increases, active job creation takes place across firms and raises the average wage.
So, the economy recovers with solid rebound of consumption, employment and GDP above
the initial steady-state levels. During the period, the labor share keeps rising by the reduction
in the markup and by the steady recovery of employment and overall wages. But the Gini
coefficient, which sharply declined in the immediate aftermath of the reform, slowly goes up
and approach its initial steady-state level, for the reversals of unemployment and the tax

rate result in the rebound of the Gini coefficient.

Labor Market Reforms

Figure 1.6 plots the transition dynamics in response to the first type of labor market reforms:
a permanent reduction in firing costs. Lower firing costs accompany immediate adverse
impact on employment, because firms terminate low productive job matches right after the
reform, leading to the surge of threshold productivity. So, the labor share falls reflecting
the unfavorable changes to workers. But the Gini coefficient decreases in the short-run
because the tax rate needs to be raised significantly in order to finance increased claims for
unemployment benefits.

However, the above short-run result caused by instantaneous job destruction is eventually
taken over by a positive impact of the reform on job creation. Since the reform enhances
the expected profits from new job matches, firms want to hire more workers, and in turn,
the economy’s employment rate goes up gradually. The increases in the employment and
the wage boost aggregate demand as well as the labor share, resulting in economic recovery
over time. Together with the fall of the Gini coefficient, it brings a better outcome in terms

of equality.
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Next, the other labor market reform, a permanent cut in unemployment benefits, displays
clear distinction from the above reforms in the transition dynamics shown in Figure 1.7.
Unlike the other reforms, it does not cause the so-called “short-term” pains in terms of
GDP, employment, etc., but accompanies strong, negative impact on income inequality from
the immediate aftermath of the reform on. Less generous unemployment benefits basically
weaken the bargaining power of the workers by lowering their outside option, resulting in the
fall of the average wage. It boosts job creation without causing unemployment even in the
early stage of the reform and generates an instantaneous expansionary effect in consumption,
investment, and GDP. However, this unemployment benefit cut causes the earnings dispersion
between the unemployed and the employed to increase and lowers tax rate significantly.
Therefore, the Gini index shows an initial spike and the labor share falls due to the lower
average wage.

However, as the expansionary effects in consumption, investment and production eventu-
ally subdue, the sharp adverse impact on income distribution lessens over time. A noticeable
dynamic is the increase in the number of firms accompanied by the rebound of wages. Since
the economic expansion and the unemployment benefit cut provide a favorable environment
for entrepreneurs, new firms enter, and the labor market becomes tighter. So, the labor
share rebounds with the recovery of overall wages while the Gini coefficient descends from

its initial peak.

1.6 Analysis under the Alternative Taxation Scenario

In this section, I consider an alternative taxation scenario, in which all kinds of income are
taxable. This scheme is more realistic, for the U.S. government finances social security and
unemployment benefits with payroll taxes that are equally paid by employers and employees.

So, the total unemployment benefits are now assumed to be equally paid by both households:

upUy

= TVV,ttht = TE,t [(dt + et)Nt + Tth} (132)
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where Ty, and 7g, are the tax rates for workers and entrepreneurs respectively. This makes

changes in the budget constraints of the two households:

Civy = (1 — Twa) e Ly + up(1 — Ly) (1.33)

Cévw’t + et(Nt + NE,t)xt+1 + It = (1 — TE7t) [(dt + et)Nt%: + Tth] (134)

and the Euler equations also change accordingly as follows

e = (1= 0)(1 = Teer1) B [Brasa(diyr + eryr)] (1.35)

Gt = Et{ﬁt,tﬂ [(1 — TEt+1)Te41 + (1 — 5K)Ct+1}} (1.36)

Table 1.5 displays the changes in the Gini index and the labor share in response to each
structural reform measure. In general, the new taxation scheme improves the distributional
consequences of all the reform measures: the Gini index falls more while the labor share
increases more. Since the working household is asset-poor and hand-to-mouth consumers,
sharing the tax burden with entrepreneurs has a direct impact on the economy, especially,
on aggregate demand and employment. Hence, this enhances the performance of the reforms
and brings a better outcome in terms of equality. An exception is a slight decrease in the
labor share after the product market reform. Unlike the labor market reforms, this reform
requires entrepreneurs’ massive initial investment for new firms, so the new tax burden for
the unemployment benefits can undermine the overall performance of the reform, leading to

a lower labor share.
1.7 Reform Package and Policy Implication

Now, based on the short- to medium-term effects of individual reform measures, I consider

transition dynamics of the reform package which consists of all the three reform measures,
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as displayed in Figure 1.8 and 1.9. In the short run, the reform package brings immediate
adverse impacts on income distribution: the Gini coefficient rises, and the labor share falls
in the aftermath of the reform. This instantaneous disequalizing effect is mainly caused by
the reduction in the benefit replacement rate, which works right away by widening the gap
between the unemployed and the employed. However, as the long-term gains of the reforms,
particularly the reduction in the regulatory costs and the firing costs, emerge over time, the
labor share eventually rises and go beyond the pre-reform level while the increase in the Gini

coefficient becomes soothed rapidly.

This simulation result sheds light on the reason of public opposition and concern over
structural reforms and suggests a desirable sequence of the reforms. As discussed above,
structural reforms do not necessarily worsen inequality in the long-run. Rather, certain
reform measures can contribute to income equality. But the main problem is that the reduc-
tion in the unemployment benefit brings immediate adverse effects on inequality, whereas
the other reforms take time to generate equalizing effects. Considering the public tends to
focus on the short-term result of economic policies, careful sequencing of reforms is required
to smooth out the short-term disequalizing impact over time so that the acceptability of

structural reforms can be enhanced.

Therefore, it would be desirable that policymakers first lower regulatory barriers to entry
and later loosen employment protection. The unemployment benefits can be reduced as the
previous reforms start to reap gains. The rationale behind the sequence of structural reforms
is straightforward. The lower entry barrier induces entrepreneurs to active establishments of
new businesses, which creates enough job opportunities. This is important as a cushion for
the possible unemployment increase following the easier firing. And by maintaining generous
unemployment benefit in the meantime, those who are fired after the labor market reform
can be supported by the social safety net. Finally, after identifying the positive gains from

the first two reforms, we would be able to lessen the unemployment benefit.
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1.8 Conclusions

I have studied the distributional consequences of the structural reforms based on a full general
equilibrium model with simple heterogeneity in households and under different taxation
scenarios. The main finding is that the reforms do not necessarily worsen inequality but
show different distributional impacts according to reform measures and time horizon. First,
the product market reform rather reduces inequality, for it promotes firms’ competition and
decreases overall return on investment while it increases employment and wages. Second,
the less strict employment protection decreases the dispersion of labor income measured
by the fall of the Gini index, but at the same time, it decreases the labor share a little.
Third, the unemployment benefit cut worsens inequality with no doubt, as it widens the
gap between the unemployed and the employed as well as the gap between workers and
investors. Fourth, simultaneously implemented reform package leads to significant adverse
impacts in the immediate aftermath of the reforms but eventually rather improves equality
as the reforms bring the long-term gains. So, this study suggests that policymakers can
smooth out the immediate disequalizing effects of the reforms by implementing the labor
market reforms, particularly the less generous unemployment benefit, later than the product
market reform. This sequencing would enhance the public reception of structural reforms

until the long-term benefits are realized.

1.9 Tables and Figures



Table 1.1: Calibration
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Labor share in production arp = 0.4  Capital share in production
Elasticity of substitution in prod. ¢ = —0.3 Mass of products
Discount factor £ =0.99 Risk aversion
Exogenous firm exit 0 =0.025 Exogenous job seperation
Depreciation rate 0 = 0.025 Adjustment cost scale
Variety elasticity o=3.12 Matching efficiency
Workers’ bargaining power n=0.6 Matching function elasticity
Aggregate productivity Z =1 Firing cost
Sunk entry cost fr=3.68 Vacancy posting cost
Home production h, = 0.66 Unemployment benefit

Lognormal mean =0 Lognormal shape

ag = 0.6
N =100
v=1
A =0.025
v=1.5
x = 0.43
e=0.6
F=0.197
k= 0.19
up = 1.64
o, =0.2
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Table 1.2: Steady States before and after the Reforms

initial  fr cut  F cut w,/w cut
Gini 0.084 -0.24% -0.96%  3.70%
Labor share ~ 0.613  2.49% -0.06%  -0.03%
Y (output) 5.081  3.45%  0.60%  1.91%
Z (productivity) 1.021  -0.03%  0.16%  -0.04%
L (labor) 0.905 1.09%  0.43% 1.93%
K (capital) 41.37  4.91%  0.67% 2.05%
N (firms) 3.196  30.32%  0.36% 1.03%
w (wage) 3.442  483%  0.11%  -0.04%
d (profit) 0.148 -37.24% 0.45%  0.65%
p (markup) .10 -2.12% -0.03%  -0.09%
7 (tax rate) 0.068 -12.41% -4.55% -26.52%

Notes: The numbers in the table are percentage changes from the initial steady-states.



Table 1.3: Changes in the Gini Coefficient
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Initial

fR cut

F cut

up/W cut

0.0838

0.0836 (-0.24%)

0.0830 (-0.95%)

0.0869 (+3.70%)

0.0266
0.9054

0.6507

0.0252 (-5.26%)
0.9153 (+1.09%)

0.6432 (-1.15%)

0.0258 (-3.01%)
0.9093 (+0.43%)

0.6506 (-0.015%)

0.0272 (+2.26%)
0.9228 (+1.93%)

0.5974 (-8.19%)

Gini
IC
L
Up / W

Owage
~C
T
w

0.9029
0.5299
0.0680

3.4415

0.9756 (+8.05%)
0.4966 (-6.28%)
0.0596 (-12.41%)

3.6095 (+4.88%)

0.8732 (-3.29%)
0.5918 (+11.67%)
0.0649 (-4.55%)

3.4451 (40.11%)

0.9893 (49.57%)
0.4097 (-22.69%)
0.0500 (-26.52%)

3.4401 (-0.04%)

Notes: Initial and new steady-states with percentage changes in the brackets.
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Table 1.4: Changes in the Labor Share

initial fr cut F cut up/W cut

Labor share 0.6132 0.6284 (2.49%) 0.6128 (-0.06%) 0.6130 (-0.03%)

g 11000 1.0767 (-2.12%)  1.0996 (-0.03%)  1.0990 (-0.09%)
L/K 00219 0.0211 (-3.65%)  0.0218 (-0.24%)  0.0219 (-0.12%)

@/r 95273 99.924 (4.88%)  95.375 (0.11%)  95.234 (-0.04%)

Notes: Initial and new steady-states with percentage changes in the brackets.

Table 1.5: Distributional Impacts under Different Taxation Schemes

Tax Measure initial fr cut F cut w,/w cut

labor income Gini 0.084 -0.24% -0.96%  3.70%
Labor share 0.613 2.49% -0.06%  -0.03%

all kinds of income Gini 0.086 -0.70% -1.16% 2.21%
Labor share 0.610 2.34% 0.01% 0.35%

Notes: The numbers in the table are percentage changes from the initial steady-state.



Figure 1.1: The Layers of Inequality
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Figure 1.2: The Lorenz Curve Generated from the Model Simulation
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Figure 1.3: The Construction of the Lorenz Curve in the Model
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Figure 1.4: The Gini Coefficient with Two Levels of Income
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Note: The above image is modified from the original source, Wikimedia Commons (Author: Woodstone)



Figure 1.5: Impulse Response to Product Market Reform: Entry Cost Reduction
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Figure 1.6: Impulse Response to Labor Market Reform: Firing Cost Reduction
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Figure 1.7: Impulse Response to Labor Market Reform: Unemployment Benefit Cut
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Figure 1.8: Impulse Response to the Reform Package(1)
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Notes: The above impulse responses are under the alternative taxation scenario, and variables

Figure 1.9:

Total consumption

Impulse Response to the Reform Package(2)
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Chapter 2
STRUCTURAL REFORMS IN GRANULAR ECONOMIES

2.1 Introduction

Structural reforms designed to increase market flexibility are often advocated as part of policy
menu to boost economic performance and have been repeatedly called by the president of the
ECB Mario Draghi and the managing director of the IMF Christine Lagarde. The current
literature on structural reforms emphasizes the importance of initial conditions of countries
implementing the reforms because short- and long-term effects of reforms significantly vary
depending on the conditions. For example, Cacciatore et al. (2015, 2016a, 2016b and 2017)
show product and labor market reforms in different scenarios for business cycles and their
interaction with macro policy.

In line with the literature, we study the effects of product market reform under different
degrees of granularity as another important initial condition. During the Asian financial
crisis in 1997-98, the IMF provided bailout funds for crisis-hit countries tying the funds to
economic reforms, the “Structural Adjustment Package”. As shown in Figure 2.1, after the
structural reforms, transition appeared costly in the countries, particularly in Korea which
is a prime example of granular economies. Our results suggest that reforms in more granular
economies are likely to be associated with larger long-run gain, but more short-run pain
than those in less granular ones. In a granular economy, the average size of entrants is
bigger given its fat-tailed distribution of firm size, and so is the marginal impact of new
entry on firms’ survival. Therefore, the product market reform leads to a larger reduction

of the number of operating firms' as well as consumption at the immediate aftermath of

'We intentionally distinguish between operating firms and total firms in an economy. In our setup, only
some fraction of firms operates at any period due to the existence of cutoff productivity under fixed
operating costs.
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reforms in the granular economy. However, since this relatively tougher survival condition
enhances the average productivity of firms more in the economy, the productivity gain brings
larger benefits over time as the total number of firms increases. A recent empirical study
by Marrazzo and Terzi (2017), which suggests that emerging economies experience bigger
short-term pain from their reforms but reap more benefits than advanced countries in the
long-run, is very relevant to our result considering advanced countries are likely to be less

granular than emerging ones.

More importantly, we shed light on the effect of the product market reform on the econ-
omy’s granularity and further on aggregate volatility in response to idiosyncratic shocks. As
Gabaix (2011) suggests, granularity requires fat-tailed distribution of firm size, and in this
environment, idiosyncratic shocks to large firms have aggregate effects. Therefore, policy
actions that affect the number and the size distribution of operating firms matter for the
extent to which the economy is granular. Product market reform lowers entry barriers and
induces an influx of new entrants, causing the economy less granular. On the other hand, it
also creates fierce competition and makes less productive firms fall behind, leading to more
concentration on larger and more productive firms. Depending on the magnitudes of these
conflicting effects, the degree of granularity varies over time. We theoretically and empiri-
cally find out that the product market reform makes an economy become more vulnerable to
idiosyncratic shocks in the short-run but more resistant to them in the long-run, and that the
marginal impact of the reform on aggregate volatility is larger in a (more) granular economy
regardless of time horizon. To show and support the results, we derive analytical formulas
of the Herfindahl index, a typical measure of the degree of granularity, and the aggregate
volatility and we also estimate a panel VAR for OECD countries. This is the first study
which investigates the interrelationship between the product market reform and the granu-
larity based on a full dynamic general equilibrium model with a continuum of heterogeneous

firms.

The rest of the chapter is organized as follows. Section 2.2 presents some empirical

findings, which motivate and support our theoretical study. Section 2.3 develops a simple
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theoretical framework as a baseline and Section 2.4 provides analytical solutions of the model
as well as transition dynamics based on a calibrated model. Section 2.5 extends the baseline
model with idiosyncratic shocks and Section 2.6 analyzes the impact of the product market

reform on the aggregate volatility. Section 2.7 concludes.
2.2 Empirical Findings

2.2.1 Data Description

We use the OECD indicators of Product Market Regulation (PMR) from OECD Statis-
tics database as our main indicator for product market regulation. The indicators are a
comprehensive and internationally-comparable, and measure the regulatory and market en-
vironments in 34 OECD countries and in 13 non-OECD countries? including BRICs. Next,
we calculate the Herfindahl-Hirschman index, another main indicator in this chapter as a
measure of the degree of granularity, with the operating revenues of the top 25 firms in each
country from the Mint Global database®. Other data: yearly GDP, GDP per capita and
trade-to-GDP ratio, come from the World Development Indicators database, while quarterly
GDP is from the OECD Statistics database.

An important caveat is that the available years of the two main indicators are limited.
Since it is impossible to obtain credible time-series data of the Herfindahl index, we only
have the index calculated with data at the latest available year of each firm, which is mostly
2017. Thus, the Herfindahl index can be regarded as the degree of market concentration as of
2017. Also, the OECD indicators of PMR are provided for the following 4 years only: 1998,
2003, 2008 and 2013, and available years vary across countries. To utilize all the available
data, we take the average of each variable (except the Herfindahl index) over 1998-2013 and
match the availability of the OECD indicators of PMR.

2The countries are: Brazil, Bulgaria, China, Croatia, Cyprus, India, Indonesia, Latvia, Lithuania, Malta,
Romania, Russia, and South Africa.

3The Mint Global is a streamlined version of the Orbis database and contains comprehensive information
on 275 million companies worldwide, mainly medium and large-sized firms. Though the Orbis covers more
small-sized firms, the Mint Global is good enough for obtaining data of top 25 firms and much cheaper.
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2.2.2  The Results of Empirical Analysis

First, we investigate the relationship between product market regulations, particularly legal
barriers to entry, and the degree of granularity. As presented in Table 2.1, we regress the
latest Herfindahl index against the legal barrier to entry which is a component of the OECD
PMR indicators. Other variables such as trade-to-GDP ratio, GDP share in world GDP, and
GDP per capita are also used following di Giovanni and Levchenko (2012). The coefficients
of legal barriers to entry are significant under 5% or 10%, and R-squared of the regressions
are over (.34 in most cases, implying that if a country’s legal barrier to entry is high, market
concentration is likely to be high as well. Also, we find that the trade-to-GDP ratio is very
significant mostly under 1% in line with di Giovanni and Levchenko (2012). Figure 2.2 is a
partial regression plot from the regression in Table 2.1, displaying the relationship between
the Herfindahl index and the average of the legal barriers to entry for a sample of 44 countries
over the period 1998-2013, after netting out the impact of trade-to-GDP ratio during the

period. Intuitively, countries with higher entry barriers tend to be more concentrated.

As a logical consequence of the above result, if rigid product market regulation is likely
to raise the degree of granularity, it may lead to higher volatility as well. Figure 2.3 depicts
another partial regression plot showing the relationship between aggregate volatility and
product market regulation after netting out the impact of country size in the sample of 42
OECD and non-OECD countries over the period 1998-2013. The volatility is defined by the
standard deviation of quarterly GDP growth rate over the period, and the country size is the
portion of the country in world GDP. The country size and the PMR indicator are averages
over the same period and logged. As expected, this figure suggests that more product market
regulations are likely to be associated with bigger aggregate fluctuation of the country. The
result is significant with a t-statistic of the product market regulation variable as 2.19 and

R-squared over 0.43.

Last, since our research questions are whether short- to long-term results of structural

reforms are different according to the degrees of granularity of countries, and if so, how
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different the results will be, we empirically estimate the impacts of the product market reform
using a panel VAR following Cacciatore and Fiori (2016). They estimate a panel VAR with
harmonized annual data for the sample of 21 OECD countries* over the period 1982-2005. We
extend their data set® by adding the standard deviation of quarterly GDP each year over the
same period and divide the set into two according to the countries’ Herfindahl indexes. So, we
consider four macroeconomic variables - the unemployment rate, real GDP, real investment
and GDP volatility - and OECD indicator of regulatory impediments, which reflects barriers
to entry. Figure 2.4 and 2.5 present impulse responses following a one-standard deviation
reduction in product market regulation with continuous lines representing median responses
and dashed lines representing 68 percent confidence bands. The impulse responses of both
groups display so-called “Short-term pain and Long-term gain” of structural reforms in the
current literature. The product market reform leads to a decrease in output as well as an
increase in volatility in the immediate aftermath of the reform, but eventually brings an
upturn in output and a decline of volatility. The notable difference between the groups is
that relatively more granular group is likely to experience a bigger negative impact in the
short-run in terms of larger GDP drop and volatility rise, followed by bigger positive effects in
the medium-term as shown in Figure 2.4 and 2.5. This finding sheds light on the importance
of granularity for short- to medium-term performances of structural reforms, which is the

main idea of this chapter.

2.3 The Model

Our baseline model is set up by modifying the Ghironi and Melitz (2005) model. We simplify
it as a closed economy version in order to focus on the pure effects of product market reforms

and incorporate fixed production costs which enable endogenous changes in the firm-size

4The countries are: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Japan, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the
United Kingdom, and the United States.

Refer to the Appendix of Cacciatore and Fiori (2016) for data description except for the GDP volatility
that is added in this paper.
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distribution. In the absence of fixed production costs, every monopolistically competitive
firm in a closed economy earns positive profits regardless of its own productivity, implying
that all firms continue production unless they are hit by exogenous exit shocks. So, the degree
of granularity of the model economy is exogenously pinned down by the shape parameter of
the Pareto distribution, because the size distribution of firms is time-invariant. On the other
hand, once we include fixed production costs, there exist some firms that are unable to cover
their fixed costs and only firms productive enough operate. The cutoff productivity changes
depending on overall economic conditions as well as policy actions, leading to endogenous
changes in the size distribution of operating firms. Thus, the degree of granularity in our
model can endogenously vary over time. This major difference from the Ghironi and Melitz
(2005) plays a key role in analyzing the impact of product market reforms on the granularity.
We basically follow the setup in the Ghironi-Melitz (2005) except the above departures.
Hence, this section focuses on the description of new features hereafter, and we refer readers

to the article for details.

2.3.1 Household Preferences

The economy is populated by a unit mass of atomistic households. The representative
household supplies one unit of labor inelastically in each period at the nominal wage rate W,

and maximizes the expected intertemporal utility from consumption:

[ —tvl—
pres™

E
t 1—~

(2.1)

s=t

where § € (0,1) is the discount factor and « > 0 is the inverse of the intertemporal elasticity
of substitution. The household consumes the basket of goods C; defined over a continuum of
goods : € = <fw€§l Ct(“)(e_l)/odw> 9/(9_1), while only a subset of goods €, C Q is available
at any given time ¢, and 6 > 1 is the elasticity of substitution across goods. Let p;(w)

denote the nominal price of each good w € €1, then the consumption-based price index for
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1/(1-6)
the economy is P, = ( fweg pt(ou)l_@dw> , and the household’s demand for a good w

becomes c;(w) = (pr(w)/P) "0 Cy.

2.8.2  Production

There is a continuum of monopolistically competitive and heterogeneous firms, and each firm
produces a differentiated good w € €, with different technologies indexed by firm-specific
productivity z. The firm-specific productivity z is determined upon entry and remains fixed
thereafter. After paying a sunk entry cost® of fg, effective labor units, firms draw their
productivity level z from a time-invariant Pareto distribution G(z) with support on [z,
o0) and shape parameter k > 6 — 1. Then, the size distribution of firms also becomes
Pareto, for the size of a firm depends on its productivity z. So, the firm sizes are increasingly
concentrated toward their lower bound z,,;, as the exogenous shape parameter s increases.

With labor as the only factor of production, a firm with productivity z produces Z;z
units of output per worker, where Z; denotes aggregate labor productivity. As stated in
the Ghironi and Melitz (2005), heterogeneity in productivities across firms translate into
heterogeneity in the unit labor costs of production. In addition to the labor cost, production

incurs a fixed cost of fx, units of consumption’.

Endogenous changes in the size distribution of operating firms In the presence
of fixed production costs, a firm with productivity z produces if and only if its profit d;(z)
is non-negative. Specifically, only firms with productivity higher than a cutoff level, zf =
inf {z : dy(2) > 0}, operate and produce goods at any given time ¢. Otherwise, the firm
is assumed to be switched off without losing its sunk investment. So, firms make decisions

on whether to produce or not in every period and permanently exit only when they are

6We interpret changes in fz,; as changes in product market regulations facing firms in the economy.

"The fixed cost fy; is set as units of consumption instead of effective labor units to match an important
empirical regularity. If it is set as effective labor units like the sunk entry costs, the number of operating
firms becomes less than the initial number after the product market reform even in the long-run, which is
not consistent with data.
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hit by a “death” shock, that takes place with probability § € (0,1). As a reminder, the
productivity distribution of all firms is represented by G(z) with lower bound z,,;, in the
Ghironi and Melitz (2005), implying the distribution is time-invariant and set exogenously
by its parameters. However, in our model, the productivity distribution of operating firms
endogenously varies with the time-varying lower bound z; depending on economic conditions
at every period as shown in Figure 2.6. This plays a crucial role in generating endogenous
changes in the degree of granularity, which is a major departure from the Ghironi and Melitz
(2005). In this setup, the number of operating firms at time ¢ is given by a time-varying

portion of all firms in the economy N,; = N¢[1 — G(27)] = Ni(2min/ )"

As for the entry, there exists an unbounded mass of prospective entrants who can antic-
ipate the stream of expected future profits correctly. So, prospective entrants compare their
expected post-entry value and the entry cost and enter the market until the value and the
cost are equalized. This leads to the free entry condition é; = w; fg/Z;, where the expected

post-entry value €, is defined by the present discounted value of the expected profit stream

{Js};x;tH:

e = Ey Z/Bt,s(l —0)" (1~ G(ZE))Czs (2.2)

We assume that there is a one-period time-to-build lag for the entrants and that the exit
shock occurs after entry. Thus, the number of total firms at time ¢ obeys the following law
of motion Ny = (1 — §)(Ny—1 + Ng4—1).

Firms set their prices as the same proportional markup 6/(6 —1) over marginal cost under
constant elasticity 6. So, the real price of a good produced by a firm with productivity z is

set as:

(2.3)
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and its profit is given by:
1
di(z) = gﬂt(z)l_eyf — fxu (2.4)

where aggregate demand for the consumption bundle Y = C; + N, fx; as the sum of

household consumption and the use of the bundle by operating firms to cover fixed costs.
Firm averages are defined by following Melitz (2003). Since the productivity levels of

operating firms at time ¢ are distributed over [zf, 00) given by G(z), the average productivity

is defined as

1
-1

(2.5)

o 1 * o
Z = ll—G(ztc) /zg 2" dG(z)

and by letting v = [k/(k — 6 + 1)}1/(9_1), the average productivity is given by Z; = vzy,
which implies the average is proportional to the cutoff productivity. Then, the model is
isomorphic to one where N,; firms with the same productivity level Z produce, for the
average summarizes all the relevance of the distribution of productivity levels for aggregate

variables as shown in Melitz (2003). Next, the price index of the economy can be written as

1=pr"N,, (2.6)

where the average real price of products in the market is given by p, = pi(2). Also, the
average profit of operating firms is obtained with the average productivity as d; = di(Z).
2.3.83 Household Budget Constraint and Intertemporal Choices

The representative household enters period ¢ with z; shares in a mutual fund of firms. The

mutual fund pays total profits from all the operating firms in each period, Noicit. During the



47

period, the household purchases x;.; mutual fund shares of all the incumbents and the new
entrants, N+ Ng;. Even though only N, firms will operate and be able to pay dividends
at time ¢t + 1, the household, who does not know which firms will survive from the exit shock
and have higher productivity than the cutoff, must finance all the potential firms for next
period’s production. And the price of a claim to the future dividend payments of the mutual
fund at time ¢ is equal to the average price of claims to the future stream of profits, é&.

Then, the household’s period budget constraint is given by

Ct + ét(Nt + NE,t)l‘t—‘rl = |:(1 — G(Ztc))dt + ét:| Ntwt + Wt (27)

which implies the household’s income consists of the mutual fund dividends from operating
firms, the revenue from selling its initial share holdings, and the wage, while the household
allocates the income between current and future consumption by investing in mutual fund
shares carried into next period. The household maximizes its expected intertemporal utility
(2.1) subject to the budget constraint (2.7). From the maximization problem, the Euler

equation for shareholdings is given by

o= 01 = )8 (S) e+ (22 ) 2.3

241

of which forward iteration together with the assumption of the absence of speculative bubbles

yields the equation (2.2).

2.3.4 Aggregate Accounting

Aggregating the budget constraint (2.7) across households and imposing equity market equi-

librium (747 = z; = 1) yields ® the following aggregate accounting equation as

8We omit the transversality condition for mutual fund shares which is needed to ensure optimality.



48

}/;c -+ NE,tét = w¢ + Noﬂgdt (29)

implying that aggregate consumption and investment must equal aggregate income from

labor and profit in each period.

2.3.5 Summary

The main equilibrium conditions of the baseline model are summarized in Table 2.2. The
system consists of 10 equations in 10 endogenous variables: wy, é;, d;, N, N ity 2ty %5y Y,

Ct, pr. Also, the model features 3 exogenous variables: Z;, fr:, fx:.

2.3.6 The Herfindahl Index

To track changes in the degree of granularity after the reform in a rigorous way, we derive
the Herfindahl index?, the standard measure of market concentration and granularity. The

Herfindahl index at any given time ¢ obtained from the model is given by

Ok —0+1) fx

HHI, =
T R=20-1) Yy

(2.10)

if Kk > 2(60 — 1) holds. The above equation of the Herfindahl index implies that higher
aggregate consumption demand is associated with lower Herfindahl index and that higher
fixed costs are related to higher concentration. The former is in line with di Giovanni and
Levchenko (2012), who find the inverse relationship between the country size and the degree
of granularity. The latter is intuitive, for heavy fixed costs are likely to cause only relatively
larger and more productive firms to survive in the market. Also, we can reconfirm that the
degree of granularity is affected not only by exogenous setting (represented by the Pareto

shape parameter x which determines the distribution of possible productivity draws) but also

9The details of its derivation are provided in the Appendix A.
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by endogenous changes in the economy (represented by the aggregate consumption demand

at the period).

2.4 Analysis under the Baseline Model

2.4.1 Steady States

First, we consider the long-run effects of product market reforms from the new steady-state.
The key variables in which we are interested are the total number of firms N, the number
of operating firms N,, the cutoff productivity z¢, the household consumption C', and the
average profit of operating firms d. The steady-state levels of the variables can be derived
analytically as displayed in Table 2.4. The signs of partial derivatives of them with respect

to the policy variable, entry costs fg, are as follows

ON ON, 0z° oC od
<0, =—2<0, =<0, —<0, —=0 2.11
975 /s /s /s (2.11)

which imply that lowering entry costs eventually leads to higher cutoff, a larger number of
firms and more consumption.

The intuition is straightforward. The number of total firms N in the economy increases
as new firms Ng enter following the product market deregulation (reduction in sunk entry
costs fg). Increased competition raises the cutoff z¢ as well as the average productivity
Z. Despite the higher cutoff, the expansion of total firms N prevails in determining the
number of operating firms N,. Thus, more operating firms with higher productivities lead
to increase in production, wage, and consumption C. Meanwhile, the average profit d stands
still because bigger aggregate consumption demands Y and smaller market share per firm
offset each other. We can also find that the reform reduces the Herfindahl index in the long
run, for the larger number of operating firms N, prevails on higher cutoff z¢ in inducing lower

concentration.
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2.4.2  Transition dynamics

Now, we analyze short- to medium-term dynamics triggered by the product market re-
form and compare the dynamics in a granular scenario to those in a non-granular one. As
shown in Table 2.3, we log-linearize the system of equilibrium conditions around the unique
steady-state. With properly calibrated parameters, we solve for the dynamic responses to

an exogenous policy shock.

Calibration We interpret periods as quarters and calibrate parameters. Following the
standard choices in the business cycle literature, we set the discount factor g = .99 and the
risk aversion coefficient v = 2. The exogenous exit shock § is equal to .025 as set in Ghironi
and Melitz (2005) to match the yearly 10 percent job destruction rate from the U.S. empirical
data. We also use the elasticity of substitution § = 3.8 following Ghironi and Melitz (2005).
As for the fixed operation costs fx; and the sunk entry costs fg ., we follow Collard-Wexler
(2013) which reports the ratio of entry costs to fixed production costs as around 4.5. Then,
we normalize the Pareto support z,,;, and the aggregate productivity Z to 1. The calibration

results are summarized in Table 2.5.

Figure 2.7 shows transitional changes in response to 1% permanent reduction in entry
costs as percent deviations from steady-state. The changes in the cutoff productivity z¢ and
the number of firms N are the key to understand the mechanism. Lower entry barriers fg
induce new firms Ng to enter the market, and households have to cut their consumption
spending for financing the new entrants. Together with the influx of new firms, the sudden
decrease in the consumption demand makes firms’ survival tougher, leading to the immediate
jump of the cutoff z¢. Since entry costs and the time-to-build lag transform N into a state
variable that behaves like a capital stock, the number of operating firms N, decreases in the
short-run because the increase in 2¢ is immediate whereas the increase in N is gradual. Hence,
the economy experiences contraction as well as more concentration of economic activity

(higher degree of granularity measured by the Herfindahl index) in the immediate aftermath



ol

of reform.

However, as N piles up over time, the previously contracted production and real wages
begin to rebound. This raises aggregate consumption demand and slows down the increase
in 2¢. So, the number of operating firms N, also rebounds and eventually exceeds the initial
steady-state level. Finally, with more operating firms N, with higher average productivity
Z, the economy reaps the gains of reforms in terms of more variety, higher GDP, and lower

degree of granularity.

Next, Figure 2.8 compares the transitional changes in response to the same permanent
deregulation under different degrees of granularity set by different values of the Pareto shape
parameter . Since an economy is granular if ;%= < 2 according to Gabaix (2011), we compare
impulse responses under x = 2.9 (%5 = 1.035) and k = 11.2 (57 = 4) as granular (red, solid
line) and non-granular (blue, dotted line) cases respectively. Overall, the transition patterns
are similar in both cases. But there are differences in the magnitude of the responses. What
is notable here is that the different magnitudes generate crossings of the transition paths of
the key variables in both cases: the number of operating firms, the consumption, and the
Herfindahl index!?. The crossings which occur around 4 years after the reform suggest that
reforms in granular economies are likely to be associated with larger long-term gain, but
also more acute short-term pain. The economic intuition is as follows. Given its fat-tailed
distribution of firm size, the average size of entrants is bigger in a granular economy, and
so is the marginal impact of new entry on firms’ survival. It implies the initial jump of the
cutoff productivity z; is larger in the granular economy. Hence, the number of operating
firms N, declines more, which leads to more concentration (higher Herfindahl index) as well
as larger reduction of consumption at the immediate aftermath of reforms compared to the

non-granular economy.

However, as this relatively tougher survival condition enhances the average productivity 2z

10 Ag stated in the section 2.3.6, the Herfindahl index in our model can be defined only under non-granular
ranges of x (when z%7 > 2). Thus, we draw an alternative case (green, solid line) that is non-granular but
still very close to granular instead of the granular case.
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of operating firms more in the granular economy, the productivity gain brings larger benefits
over time as the total number of firms rises. Therefore, this bigger N, and higher average
productivity Z bring more expansionary effect, and market concentration falls more in the

granular economy.

2.5 DModel Extension

So far, we have studied how reforms are propagated and affect the distribution of firm size
in absence of idiosyncratic volatility. It is necessary to understand how reforms can affect
the environment in which idiosyncratic shocks may have aggregate effects. By affecting the
number of operating firms N,, cutoff productivity z¢, and the market concentration, reforms
cause the extent to which the economy is granular to vary over time. Since the Herfindahl
index initially rises before its eventual decrease, the impact of idiosyncratic shocks on the
aggregate economy in a granular environment may initially be magnified before eventually
becoming smaller. Next, we explore this intuition by extending the model to account for

idiosyncratic volatility.

2.5.1 Idiosyncratic shock

To the baseline model, we incorporate an idiosyncratic shock a;(w), which is drawn from a
time-invariant distribution at every period as in di Giovanni and Levchenko (2012). From
now on, the productivity of a firm w is time-varying, for it is determined not only by the
firm-specific productivity z(w) that is unchanging after drawn upon entry but also by the

idiosyncratic shock a;(w) at time ¢t. Then, the firm’s profit-maximizing price is given by

. 0 Wt
0 —1Zz(w)a(w)

pr(w) (2.12)

Also, we take the following assumptions in di Giovanni and Levchenko (2012):
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Assumption 1: The marginal firm is small enough that it does not take the impact of its
own realization of a;(w) on the total expenditure (X;) and the price level (P;) of the economy

into consideration.

Assumption 2: The marginal firm treats X; and P, as fixed.

As stated in di Giovanni and Levchenko (2012), the second assumption, which is needed
to take X; and P, out of the expectation operator, leads to simplicity in analyses as well as
computation without affecting main results. It is particularly true in the model economy,

where aggregate outcomes are driven not by marginal firms but by large ones.

2.5.2 Discretization

In extending the baseline model to incorporate the idiosyncratic shock, there is an impor-
tant problem with the assumption of a continuum of firms. Under the assumption, the
model economy has mathematically an infinite number of firms, and thus the effect of any
idiosyncratic shocks on aggregate volatility will average out.

To avoid this problem while maintaining the advantages of a continuous setup, we dis-
cretize the model inspired by Al-Najjar (1995). First, we modify the productivity distribution
as a truncated Pareto distribution with lower bound z,,;, and upper bound z,,,,. Then, the
productivity of operating firms at time ¢ is distributed over [2f, znq.] given by the distri-
bution G(z). By partitioning the firms according to their firm-specific productivities with
an interval defined by i; = (2pmae — 2¢)/N, the mathematically infinite number of operating
firms can be discretized into a very large, finite number N as shown in Figure (2.11). Each
set of firms can be interpreted as a firm in which there is a set of product lines. Here, shocks
are assumed to be idiosyncratic to each set. Then, the system is isomorphic to a model with
a finite number N of firms.

Of course, one may ask why we do not model with a finite number of firms from the

beginning. Our setup with a continuum of firms has some advantages in terms of model
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tractability and the derivations of the Herfindahl index and aggregate volatility as shown in
Appendix A and B. For example, di Giovanni and Levchenko (2012) have to compute the
Herfindahl index by repeating simulation exercises over 1,000 times and taking the median
value of it. However, we can obtain the values of the Herfindahl index and the aggregate
volatility from the theoretically derived solutions. So, our work provides a new, tractable
way of granularity analysis, showing that one can analyze the effect of fat-tail distribution
using a continuous model and that one can still study the relationship between idiosyncratic

shocks and aggregate volatility by discretizing the framework properly.

2.5.83 Aggregate Volatility

Since the extended model becomes isomorphic to a model with N firms operating at any
given time ¢ under the above discretization, idiosyncratic shocks no longer average out but
can generate aggregate fluctuations. Following Gabaix (2011) and di Giovanni and Levchenko

(2012), the aggregate volatility is given by

N 2
:E'.
- o

J=1

where o is the standard deviation of the growth rate of individual firm sales, x;; is the sales
of the j-th firm, in other words, the j-th set of products, and X; = PF,Y,° denotes the total
sales of the economy at time t. From the equation of the demand for an individual product,

the sale of a product w within a set is given by
z(w) = pr(w)er(w) = pr(w) 70X, (2.14)

and by applying the equation (2.12) of profit-maximizing price in the presence of idiosyncratic

shocks, we obtain the market share of the product w as
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= thaiufatw))l_e (215)

And under normalization of the idiosyncratic shocks such that E,[a’"!] = 1, the expected

market share of the product w is given by
-6
z(w) 7 we O\
E, S [ —_— 2.16
[ X; } (0—1th(w)) (2.16)

Then, we can calculate the market share of the j-th set of products by using the equation

(2.16) and applying Jensen’s inequality. So, the upper bound of expected aggregate volatility

is given by

22 0w Y 1 k(z()" (2mae) O ()20
cprt = T \0-127 200 = 1) = k] [ 1= (2 /2maa)" | [V t (2.17)

as shown in Appendix B. The aggregate volatility is affected by exogenous parameters such
as the Pareto shape parameter x, and by endogenous changes in the cutoft productivity zf

and the real wage w,. The derivatives with respect to «, z;, and w, are

do GDP do GDP

< 0, >0 and doapp
Ok

<0
0zf owy

The first derivative confirms the result of Gabaix (2011) that ceteris paribus, more granular
economy (firm-size distribution is fatter-tailed) is more volatile. Figure (2.9) displays aggre-
gate volatility rises exponentially as x/(6 — 1) goes beyond the threshold of granularity. The
second one with respect to the cutoff is also intuitive. As z{ increases, fewer firms can survive
in the market, making the economy more granular and ultimately more volatile. As for the

third derivative, a wage increase implies there are more firms operating and/or producing
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larger quantity in the economy. So, the wage increase is related to the decrease in granularity

as well as volatility.

2.6 The Impact on Aggregate Volatility

Based on the extended model, we analyze the impact of the product market reform on the
aggregate volatility of the economy. Figure 2.10 displays the impulse response of aggregate
volatility (precisely, its upper bound) to the product market reform. The blue, dotted line is
the case of r/(6 — 1) = 2.0035, which is very close to the granular threshold!!, whereas the
green, solid line is the case of k/(0 — 1) = 4, which is far enough from the threshold. The
former and the latter can be interpreted as relatively more and less concentrated economies,
respectively.

As shown in the Figure, the product market reform causes the extent to which the
economy is exposed to idiosyncratic shocks to vary over time. The impulse responses of
aggregate volatility share the two main characteristics observed in those of the Herfindahl
index under the baseline model: 1) an initial jump followed by a gradual decrease, and 2)
larger short-term pain and long-term gain in the relatively more granular case, represented
by the crossing of the impulse responses under different granularities. This confirms our
intuition about the effect of the product market reform on the aggregate volatility in the
baseline model.

The intuition behind the first characteristic is as follows. Aggregate consumption demand
Y¢ initially falls due to financing burden for new entrants, causing the cutoff productivity zf
to jump and the market share of large firms to rise. Thus, the economy becomes more volatile

in the immediate aftermath of the reform. But over time, aggregate demand Y recovers as

There is a caveat here. If we compare the impulse responses of strictly granular and non-granular cases,
the results do not show a crossing as in Figure 2.10. Even though the long-run characteristic, the bigger
fall of aggregate volatility in a granular economy, is still preserved, the short-run one, the bigger rise of
aggregate volatility in the granular country, no longer exists. This may stem from the fact that the signs of
the powers of 2,4, and zf in the equation (2.17) flip as x moves across the granular threshold, k < 2(6—1).
We believe that the comparison between the values that do not cause the sign of the power to flip is fair,
and this is why we choose the value of « in Figure 2.10.
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the economy grows thanks to gains of the reforms in the form of higher productivity and more
production. So, the increase in the cutoff z{ is gradually subdued, whereas the real wage w;
rises under tighter labor market conditions. Therefore, the economy becomes more resistant
to idiosyncratic shocks. The second characteristic, the marginal impacts of reform on the
aggregate volatility are larger in a (more) granular economy regardless of time horizon, can
be understood by the same intuition in the section 2.4.2 because the magnitudes of impulse
responses of aggregate volatility depend on those of the cutoff z{ as well as the real wage wy,

which are already explained in the section.
2.7 Conclusions

We studied the effect of the product market reform in relation to the granularity based on
a full general equilibrium setup. First, the short- to long-term impacts of the reform on
productivity, consumption, and output are affected by the initial degree of granularity. In
line with the existing literature of structural reforms, the product market reform is beneficial
in the long-run, but the benefits are accompanied by transition costs in the short-run. We
further found out that the degree of granularity affects the magnitude of short-term pain
as well as long-term gain, specifically, the marginal impact of the reform is larger in more
granular economies than in less granular ones. On the other hand, the degree of granularity
is also affected by the product market reform. The economy becomes more concentrated in
the immediate aftermath of the reform before getting less concentrated eventually. So, the
changes in the degree of granularity after the reform suggests that the impact of idiosyncratic
shocks on the aggregate economy may initially be magnified before eventually becoming

smaller.
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2.8 Tables and Figures

Table 2.1: OLS Regression Results

(1) (2) (3) (4)

Dep. Var: Log(Herfindahl index)

Log(Legal barriers to entry) 0.536 0.866**  0.825*  (0.802*
(1.56)  (2.89)  (2.67)  (2.68)
Log(Trade-to-GDP ratio) 1.529%#K 1. 715%H%  1.434%*
(4.26)  (3.67)  (3.98)
Log(GDP share) 0.0853
(0.63)
Log(GDP per capita) 0.232
(1.44)
Constant 5.451%FF 1,104 -1.859  -2.952
(20.05)  (-0.71)  (-0.94)  (-1.48)
Observations 44 44 44 44
R? 0.0548 0.3450 0.3514  0.3774

Note: t statistics in parentheses. * significant at 10%, ** at 5%, *** at 1%
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Table 2.2: Model Summary

6= 61 - 05| (L) e+ (m)cm] 0
b= wifsel 2 ®
Ny =(1—-0)(Ny—1 + Ngt—1) (3)
R ()
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Ot"‘Nt( e ) th—wt+Nt( e ) dt—NEﬂfet (5)

t t
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t
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SC 67 Wt & (9)
P12, \ Y
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:Ct+Nt< -~ ) Fxi (10)
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Note: C,Y*“, p, N, NE,w,J,é,zﬂZ are the 10 endogenous variables determined by these equations. Other

variables in the table are determined as described in the text.



Table 2.3: Log-Linearized System
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Note: Sans-serif fonts represent steady-states while “hat” does log deviations from them.



Table 2.4: Steady States
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Table 2.5: Calibration

Parameter Symbol Value Source

Elasticity of substitution 0 3.8 Ghironi and Melitz (2005)

Risk aversion y 2 Standard in the literature
Discount factor 6] 0.99 K

Exogenous producer exit probability o 0.025 K

Std. deviation of firm sales’ growth rate o 0.1 di Giovanni and Levchenko (2012)
Fixed production cost fx 0.27  Collard-Wexler (2013)

Producer entry cost fE 1 Normalization

Pareto support Zmin 1 7

Aggregate productivity A 1 K
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Figure 2.1: Growth Differentials before and after the Asian Crisis

Emerging and developing Asia Korea

5 10

H . LT ||
P

1
qq, TP °>° EAGE A ) e° L&

-5

o LB N W
D mi———
N S
—
[
[ —
b
I
2 | ———

wub%owvb%@'»vb o
D B P P D DD D D O £ O %
RSN MR RN I M S S S S S S R SN -10
Indonesia Thailand

10

”I il .||.I|I||| || ” ” I
| I |I|| I o alls |
Q

u % L &
-5 o o P g o o o O S

@%%%@@%,@% S S S
-5

-10

20 -15

Notes: This figure shows the differentials of real GDP growth rates between the country and the world. (ex
differential (%) = “given year’s GDP growth rate of Korea” — “that of the World”). A positive value of the
differential implies that the country or region outperforms the world average in the year. Data source: The

IMF World Economic Outlook database.
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Figure 2.2: Legal Barriers to Entry and Market Concentration
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Notes: This is a partial regression plot showing the relationship between legal barriers to entry and the
Herfindahl market concentration index in 44 countries. Both axes are in log scale. Sources: the OECD, the

World Bank and the Mint Global.
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Figure 2.3: Product Market Regulation and Volatility
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Notes: This figure reports the partial regression plot of aggregate volatility, measured as the standard
deviation of the quarterly growth rate of GDP over 1998-2013, on the y-axis against the average of product
market regulation index over the same period on the x-axis, after netting out the impact of country size

(GDP share in world GDP). Data source: The OECD Statistics database.
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Figure 2.4: Impulse Responses in Relatively More Granular Countries

PMR Unemployment Investment

Notes: Panel VAR, impulse responses to Product Market Regulation (PMR) shocks. GDP and Investment
are in percent from baseline; Unemployment rate and volatility are in deviations from baseline. Data source:

Cacciatore and Fiori (2016) and the OECD Statistics database
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Figure 2.5: Impulse Responses in Relatively Less Granular Countries

Unemployment Investment

Notes: Panel VAR, impulse responses to Product Market Regulation (PMR) shocks. GDP and Investment
are in percent from baseline; Unemployment rate and volatility are in deviations from baseline. Data source:

Cacciatore and Fiori (2016) and the OECD Statistics database



Figure 2.6: PDF and CDF of Pareto Distribution
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Figure 2.7: Impulse Response to the Permanent Reduction in Entry costs
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Notes: This IRF is under the value of k = 5.63, and variables are in percentage deviations from the steady-

state.
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Figure 2.8: Impulse Response under Different Degrees of Granularity
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Notes: Red(granular: & = 2.9), Blue(non-granular: x = 11.2), and Green(non-granular but very close to

granular threshold: x = 5.63%). Variables are in percentage deviations from the steady-state.

?Since the Herfindahl index is not defined if the value of x is within the granular range, we use a value

beyond the granular threshold.
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Figure 2.9: Aggregate Volatility under Different Values of Shape Parameter x

aggregate volatility
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Notes: This figure displays volatilities calculated according to the equation (2.17) under different values of

Pareto shape parameter k. The granular threshold is /(0 — 1) = 2.
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Figure 2.10: Impulse Response of Aggregate Volatility to the Product Market Reform
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y-axis is percentage deviation from the steady-state.

Figure 2.11: Concept of Discretization

Zs <+ 1, 75+ 2i, Z< + 3, Zc+ (N-1)i, Z

max



1]

[10]

73

BIBLIOGRAPHY

Jose Asturias, Sewon Hur, Timothy J.Kehoe, and Kim J. Ruhl. The interaction and
sequencing of policy reforms. Journal of Economic Dynamics and Control, 72:45-66,
2016.

Orazio Attanasio, Pinelopi K. Goldberg, and Nina Pavcnik. Trade Reforms and Wage
Inequality in Colombia. NBER Working Paper, (9830), 2003.

Ripsy Bandourian, James McDonald, and Robert S. Turley. A Comparison of Para-
metric Models of Income Distribution Across Countries and Over Time. Luzembourg
Income Study Working Paper, (305), 2002.

Lorenzo E. Bernal-Verdugo, Davide Furceri, and Dominique Guillaume. Banking crises,
labor reforms, and unemployment. Journal of Comparative Economics, 41:1202-1219,
2013.

N. R. Bhanumurthy and Arup Mitra. Economic Growth, Poverty, and Inequality in In-
dian States in the Pre-reform and Reform Periods. Asian Development Review, 21(2):79—
99, 2004.

Florin O. Bilbiie, Fabio Ghironi, and Marc J. Melitz. Endogenous Entry, Product
Variety, and Business Cycles. Journal of Political Economy, 120(2):304-345, 2012.

Matteo Cacciatore, Romain Duval, Giuseppe Fiori, and Fabio Ghironi. Market Reforms
in the Time of Imbalance. Journal of Economic Dynamics and Control, 72:69-93, 2016.

Matteo Cacciatore, Romain Duval, Giuseppe Fiori, and Fabio Ghironi. Short-Term
Pain for Long-Term Gain: Market Deregulation and Monetary Policy in Small Open
Economies. Journal of International Money and Finance, 68:358-385, 2016.

Matteo Cacciatore and Giuseppe Fiori. The Macroeconomic Effects of Goods and Labor
Markets Deregulation. Review of Economic Dynamics, 20:1-24, 2016.

Matteo Cacciatore, Giuseppe Fiori, and Fabio Ghironi. The Domestic and International
Effects of Euro Area Market Reforms. Research in Economics, 69:555-581, 2015.



[11]

[12]

[13]

[14]

[15]

[19]

[20]

[21]

[22]

[23]

74

Matteo Cacciatore, Giuseppe Fiori, and Fabio Ghironi. Market Deregulation and Opti-
mal Monetary Policy in a Monetary Union. Journal of International Economics, 99:120—
137, 2016.

David Card, Thomas Lemieux, and W. Craig Riddell. Unionization and Wage Inequal-
ity: A Comparative Study of the U.S, the U.K., and Canada. NBER Working Paper,
(9473), 2003.

Vasco Carvalho and Xavier Gabaix. The Great Diversification and its Undoing. Amer-
ican Economic Review, 103(5):1697-1727, 2013.

Francesco Caselli and Jaume Ventura. A Representative Consumer Theory of Distribu-
tion. American Economic Review, 90(4):909-926, 2000.

Orsetta Causa, Alain de Serres, and Nicolas Ruiz. Can pro-growth policies lift all boats?
An analysis based on household disposable income. OFECD Journal: Economic Studies,
2015.

Orsetta Causa, Mikkel Hermansen, and Nicolas Ruiz. The Distributional Impact of
Structural Reforms. OECD Economics Department Working Papers, (1342), 2016.

Yu-chin Chen and Stephen J. Turnovsky. Growth and Inequality in a Small Open
Economy. Journal of Macroeconomics, 32(2):497-514, 2010.

Fabio Clementi and Mauro Gallegati. Paretos Law of Income Distribution: Evidence
for Germany, the United Kingdom, and the United States. FEconophysics of Wealth
Distributions, 2005.

Allan Collard-Wexler. Demand Fluctuations in the Ready-Mix Concrete Industry.
Econometrica, 81(3):1003-1037, 2013.

Julian di Giovanni and Andrei A. Levchenko. Trade Openness and Volatility. The
Review of Economics and Statistics, 91(3):558-585, 2009.

Julian di Giovanni and Andrei A. Levchenko. Firm entry, trade, and welfare in Zipf’s
world. Journal of International Economics, 89(2):283-296, 2013.

Julian di Giovanni, Andrei A. Levchenko, and Isabelle Mejean. Firms, Destinations,
and Aggregate Fluctuations. Econometrica, 82(4):1303-1340, 2014.

Julian di Giovanni, Andrei A. Levchenko, and Romain Rancire. Power laws in firm
size and openness to trade: Measurement and implications. Journal of International
Economics, 85:42-52, 2011.



[24]

[25]

[26]

[31]

[32]

[33]

[34]

[35]

75

Hartmut Egger and Udo Kreickemeier. Firm Heterogeneity and the Labor Market Effects
of Trade Liberalization. International Economic Review, 50(1):187-216, 2009.

Robert C. Feenstra. A Homothetic Utility Function for Monopolistic Competition Mod-
els, Without Constant Price Elasticity. Economics Letters, 78(1):79-86, 2003.

Emmanuel Flachaire and Olivier Nunez. Estimation of income distribution and detection

of subpopulations: an explanatory model. Computational Statistics and Data Analysis,
51(7):3368-3380, 2007.

Jean-Marc Fournier and Isabell Koske. Less Income Inequality and More Growth Are
they Compatible? Part 7. The Drivers of Labour Earnings Inequality An Analysis Based
on Conditional and Unconditional Quantile Regressions. OECD Economics Department
Working Papers, (930), 2012.

Xavier Gabaix. The Granular Origins of Aggregate Fluctuations. FEconometrica,
79(3):733-772, 2011.

Fabio Ghironi and Marc J. Melitz. International Trade and Macroeconomic Dynamics
with Heterogeneous Firms. Quarterly Journal of Economics, CXX:865-915, 2005.

Paola Giuliano, Prachi Mishra, and Antonio Spilimbergo. Democracy and Reforms:
Evidence from a New Dataset. American Economic Journal: Macroeconomics, 5(4):179~
204, 2013.

Masashige Hamano and FrancescoZanetti. Endogenous product turnover and macroe-
conomic dynamics. Review of Economic Dynamics, 26:263-279, 2017.

Ann Harrison, John McLaren, and Margaret McMillan. Recent Perspectives on Trade
and Inequality. Review In Advance, 3:261-289, 2011.

Elhanan Helpman, Oleg Itskhoki, and Stephen Redding. Inequality and Unemployment
in a Global Economy. FEconometrica, 78(4):1239-1283, 2010.

Loukas Karabarbounis and Brent Neiman. The Global Decline of the Labor Share.
Quarterly Journal of Economics, 129(1):61-103, 2014.

Rainer Klump, Peter McAdam, and Alpo Willman. THE NORMALIZED CES PRO-
DUCTION FUNCTION: THEORY AND EMPIRICS. Journal of Economic Surveys,
26(5):769-799, 2012.



[36]

[37]

[38]

[39]

[40]

[41]

[43]

[44]

[45]

[46]

[47]

76

Jean-Pierre Laffargue. Resolution d’'un Modele Macroeconomique avec Anticipations
Rationnelles. Annales d’Economie et Statistique, (17):97-119, 1990.

Pasquale Marco Marrazzo and Alessio Terzi. Wide-reaching Structural Reforms and
Growth: A Cross-country Synthetic Control Approach. Center for International Devel-
opment at Harvard University Working papers, (82), 2017.

Marc Melitz. The Impact of Trade on Intra-Industry Reallocations and Aggregate
Industry Productivity. Econometrica, 71:1695-1725, 2003.

Monika Merz. Search in the Labor Market and the Real Business Cycle. Journal of
Monetary Economics, 36(2):269-300, 1995.

Dale T. Mortensen and Christopher A. Pissarides. Job Creation and Job Destruction
in the Theory of Unemployment. Review of Economic Studies, 61(3):397-415, 1994.

Mariacristina De Nardi and Giulio Fella. Saving and Wealth Inequality. Review of
Economic Dynamics, 26:280-300, 2017.

Makoto Nirei and Shuhei Aoki. Pareto Distribution of Income in Neoclassical Growth
Models. Review of Economic Dynamics, 20:25-42, 2016.

OECD. Divided We Stand: Why Inequality Keeps Rising. OFECD Publishing, 2011.

Maxim Pinkovskiy and Xavier Sala i Martin. Parametric Estimations of the World
Distribution of Income. NBER Working Paper, (15433), 2009.

Julio J. Rotemberg and Michael Woodford. Oligopolistic Pricing and the Effects of
Aggregate Demand on Economic Activity. Journal of Political Economy, 100(6):1153—
1207, 1992.

Michael Woodford. Interest and Prices: Foundations of a Theory of Monetary Policy.
Princeton University Press, 2003.

Susan Chun Zhu and Daniel Trefler. Trade and inequality in developing countries: a
general equilibrium analysis. Journal of International Economics, 65:21-48, 2005.



7

Appendix A
DERIVATION OF THE HERFINDAHL INDEX

The Herfindahl index (HHI) is the sum of the squared market share of all firms in an
economy. Under the assumption of a continuum of firms, the HHI of the baseline model

economy at any given time ¢ is defined by

HHI, = /w <xg§“>>2dw (A1)

where z;(w) and X; are the sale of an individual firm w and the total sales of the economy,
respectively. Since the demand for a firm w’s good is given by y;(w) = (pi(w)/P,)~?YF, the

sale of the firm w is

To(w) = (pt(“’))lext (A.2)

where x;(w) = py(w)y(w) and X; = BY. The, the market share of a firm w is simply
7¢(w)/ X = pi(w)'~?. By using the equation of profit-maximizing price (2.3), the market

share can be rewritten as

and the HHI is given by

0 w 2(1-6)
HHI, = / (— ! ) dw (A.4)
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Then, by using the fact that the sum is equal to the product of the average and the total

number, the HHI can be calculated by
1 o 0 Wy 20-9)
HHI, = N,y | —— — dG A5
’f ’t{l—G(ZE) / (9—1th) (Z)] A9

and it can be rearranged as

HHI, = N, -Jlﬁiﬂkm——i——/WQWUMX) (A.6)
1= et\g 17, -G ). © : '

First, the square bracket on the right-hand side of (A.6) can be solved

1 OO 2(6—1) 21 n/oo 2(0-1) F%mi
dG — (6-1) min 1
1—G(Zf) /Ztc z (Z) Zmin " z Zn—‘rl <
() 22(0—1)
= /f(z,f)”/ —dz
o 2

— /{(Zf)n/ ZZ(H—l)—n—le

c
t

_ RED)T a1y
20—-1)— & 2

and it boils down to the following equation under an additional assumption on the range of

k>2(0—1)!
_ / h 200G () = ——(20)20-D) (A.7)
1—-G(z) /. k—2(0—1)""

If the shape parameter of Pareto distribution falls in the granular range, k < 2(0 — 1), it goes to infinity.
So, this calculation of the Herfindahl index can only be applied to non-granular cases. This caveat stems
from the assumption of the infinite upper bound of the Pareto distribution used in the baseline model,

which is impossible in real world.
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Second, by using the equations (2.3) and (2.6) in the baseline model, the rest of the

equation (A.6) can be rearranged

0 w20 0w\
No -t — No ~1-6z1-6( Y 7t
’t<9—1Zt) He A 91z,

and from the definition of v, we get the following

0w\ k- O—=1), . q10f 0 w =0
Not| ——— =——Z) N ——= A.
’t<0—1Zt) ra SN U 52 (A.8)

Then, by substituting (A.7) and (A.8) into (A.6), the HHI can be rewritten as

k== 0w\
HHIt_I{—Q(@—l)(@—lZ) ()

B /i—(@—l) 0 i 1-6 Z_tc 0—1
Ck—20-1)\0-12Z w,
and since we know the following from the equation (9) in the Table 2.2,

‘9‘]0)(715 B 0 1 1-0 Ztc 0—-1 (A 9)
}/tc n 0—1 Zt Wt .

the Herfindahl index at time ¢ in the baseline model is given by




if K > 2(0 — 1) holds.

HHI, =

e(li — 0 —+ 1) fXﬂg

k—2(0—-1) Y

30

(A.10)
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Appendix B
DERIVATION OF THE AGGREGATE VOLATILITY

The aggregate volatility of an economy in the extended model with the idiosyncratic

shocks and the discretization at any given time t is defined by
N " 2
2 2 gt
o =0 -

where z;:/X; denotes the market share of the j-th firm. In the presence of idiosyncratic

shocks, the expected market share of a product w in a firm is

(9 f 1 th(;U)tat(w))lgl

and under normalization of the idiosyncratic shocks such that E,[a’"'] = 1, the market share

<[]

of the product w is given by
z(w) 0 w \'7
E, =— B.1
[ X; } (9— 1th(w)> (B-1)

Next, to obtain the squared market share of the j-th firm, we need to sum up each product’s

market share in the firm and square it. Instead, we first square each product’s market share
and then sum up them, for this way leads to a much simpler result than the other way. Since

we need to rely on Jensen’s inequality (Et[zX]—:D2 < Et[(%)Z} in the process, the result
can be interpreted as the upper bound of the squared market share of the firm. The sum of
the squared market shares of products in the j-th firm can be calculated by multiplying the

average of the squared market share of the products in the firm and the mass of them:
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1 28+ jit 2(1-0)
— R / (iﬂ) dG(2)
G(Zt "—]Zt) — G(Zt + (] — 1)%) 28+ (j—1)is f—1 ZtZ
(B.2)

2
Tt
()] =

where N;, denotes the mass of products in the j-th firm and is defined by N;, = G(27 +
jir) — G(zf + (j — 1)4;), which is the portion of the j-th firm in the total mass of products.
By solving (B.2), we obtain the following

2 26 +jiy 2(1-0
(x_) -/ v ( / _ﬂ) e
Xy 28+ (j—1)i¢ 0—12z

_ (&%)wm s ]

{ [Zf + th:| 2(0-1)—k . [Ztc + (j . 1)Zt:| 2(9—1)—5}

Ey

and summing up all the squared market shares of N firms gives us the following:

()] -G53 =l =]
ivj { [z 4 i) = [ (G - 1)2‘42(‘”)“}

Jj=1

N
2B
j=1

_ (%%)H o= e

|:(Z )2(971)7& . (Ztc)Z(el)li:|
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Therefore, the upper bound of expected aggregate volatility' of the economy is given by

Torr = 7250\, ) | T \0-17, 20— 1) = &) L1 = (2F/Zmas)”

2(0—-1)—k (.c 2(0—1)—k
(Zma) (=)

!Unlike the analytical solution of the Herfindahl index in Appendix A, an additional assumption on the
range of x is not needed to derive the result here. But the signs of the powers of 2,4, and z{ flip according
to the value of k, which requires caution in using it.
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Appendix C
ELASTICITIES

By log-linearizing the baseline model equations around the steady-state, we obtain the
equations in Table 2.3. The 10 equations in the log-linearized system can be boiled down to

the following 2 equations:

Ny = —6(1p—1) (E+ ! ) Cit (1—5#5(1”—;1)) N,—6(1p—1) (L—%> Fxato0Z—6fp,

-1 & 0—1
(C.1)
k—(0—-1)]| A O—-1)(k+1)—r A k+1]
- = |y—1+8(1- E 1—B(1— N,
[’Y R0 —1) t= |7 +B(1—=9) RO —1) 1Cre1 + B(1—9) - t+1
1o wk—(@-1)/, A . .
+ENt - /i(H(——l))(fX’t — Bl - 5)fX,t+1> + fee — B(L = 0) fras1
(C.2)
where 9 is defined by ¢ = (1 —0)/ad > 0.
Under the following three assumptions:
1) fer=0rfri-1 (C.3)
2) fxi= s fxi (C4)

3) Zy = .21 + €24 (C.5)
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where €z, is i.i.d., normal innovation with zero mean and variance U?Z, the unique solution

to the system made by equations (C.1) and (C.2) takes the form:

Nijr = NNy + 022 + N fEr + N [x (C.6)

Cy = nenNe +nczZs + oty fee + Nofy [x (C.7)

where each 7,, represents the elasticity of variable x with respect to variable y.
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