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ABSTRACT OF THE DISSERTATION

SEGMENTED LABOR MARKETS AND MONETARY
POLICY

by DONG-WHAN KO
Dissertation Director: JOHN LANDON-LANE

This dissertation examines the impact of a segmented labor market on aggregate dy-
namics and discusses optimal monetary policy. The first chapter investigates whether
differentials in labor market variables in segmented labor markets have an aggregate
effect. I find a mechanism by which a segmented labor market model generates stickier
aggregate nominal wages and thus more volatile output, employment ratio and unem-
ployment rate. In the second chapter, I estimate the extended version of the model
using a typical Bayesian estimation method in which the model incorporates several
features that are common in medium-scale New Keynesian DSGE Models. The estima-
tion results confirm the results obtained by the calibrated model of the first chapter.
In particular, the estimates for the labor supply and demand elasticity of low-skilled
workers are greater than those of high-skilled workers. In the third chapter, I discuss
an optimal monetary policy, taking into account income inequality. The model shows
that a tight monetary policy leads to an increase in income inequality. This increase
in inequality induces stickier aggregate nominal wages. I also find that the income
inequality poses a policy trade-off with traditional objectives. A quantitative analysis
shows that a monetary policy that concerned aggregate variables only causes a larger

welfare loss after idiosyncratic productivity shocks.
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Chapter 1

Introduction

In this dissertation, I attempt to shed light on the impact of segmented labor markets
on aggregate dynamics and discuss optimal monetary policy. According to the Cur-
rent Population Survey data, there are substantial differences in labor market variables
across demographic subgroups. In particular, the low-skilled workers’ (defined as work-
ers with less than a Bachelor’s degree) unemployment rate is greater and more volatile
than that of high-skilled workers (defined as workers with Bachelor’s degree or above).
On the other hand, low-skilled wages are relatively more stable than high-skilled wages.

The first chapter investigates whether such differentials in labor market variables
have an aggregate effect based on a two-sector New Keynesian Dynamic Stochastic
General Equilibrium (DSGE) model. I find a mechanism (“strategic complementarity”
in wage setting) by which a segmented labor market model generates stickier aggregate
nominal wages and thus more volatile output, employment ratio and unemployment
rate. The greater labor demand and supply elasticity of low-skilled workers lead to
a flatter low-skilled wage Phillips curve, and create a sectoral difference in the wage
adjustment after an economic shock. Therefore, the wage premium, which is defined
as the gap between the average logged high-skilled wage and the average logged low-
skilled wage, declines whenever aggregate wages are under downward pressure. Once
the wage premium falls, firms substitute high-skilled workers for low-skilled workers
due to the relatively lower price of high-skilled workers. More demand for high-skilled
workers makes high-skilled wages bounce back after the initial decrease, and drags low-
skilled wages down further. However, these two opposite forces on aggregate wages
are dominated by the high-skilled wage adjustment because the high-skilled wages are

more flexible, and consequently, the aggregate wages do not decrease as much as they



do under a single labor market model. As a result, aggregate output, employment
ratio and unemployment rates become more volatile under the segmented labor market
model.

In the second chapter, I estimate the extended version of the model using a typ-
ical Bayesian estimation technique. The model incorporates several features that are
common in medium-scale New Keynesian DSGE Models, such as price and wage in-
dexation and consumption habit formation. In order for the segmented labor market
model to have an aggregate implication, it is crucial that the composite elasticity of
labor supply and demand for low-skilled workers is greater than that of high-skilled
workers. In addition, the elasticity of substitution between different skilled workers
must be greater than one in order to account for the more volatile employment ratio of
low-skilled workers. Accordingly, one main objective of the second chapter is to confirm
that the estimates of the parameters which are associated with the labor market are
consistent with the calibrated values that I obtained in the first chapter based on the
macroeconomic structural model. The data set of the labor market variables used in the
estimation is constructed based on the Merged Outgoing Rotation Group of Current
Population Survey on the period of [1984Q1, 2007Q4]. The estimation results indicate
that labor demand and supply elasticity of low-skilled workers are much larger than
those of high-skilled workers. Thus, the wage premium decreases after a negative de-
mand shock, which causes stickier aggregate wages as shown in the analysis of the first
chapter. In addition, the posterior distribution indicates that different skilled workers
are highly substitutable so that the negative demand shock also induces a greater labor
income gap across sectors.

In the third chapter, I discuss an optimal monetary policy taking into account in-
come inequality which arises from the segmented labor market with the different labor
elasticities across sectors. The model assumes that labor supply elasticities are the
same across sector, but low-skilled workers have limited access to financial markets in-
stead. This assumption simplifies the model in obtaining the loss function of a central
bank. However, the labor demand elasticity of low-skilled workers is still greater than

that of high-skilled workers. Thus, the aggregate implications of the segmented labor



markets discussed in the first chapter are still applicable to this model. In particular,
an economic shock causes a variation in the wage premium, and the wage premium is
negatively related to the income inequality. The model shows that a contractionary
monetary policy brings about an increase in income (and consumption) inequality,
which, in turn, causes stickier aggregate nominal wages via the strategic complemen-
tarity in wage setting. In addition, I found that the income inequality poses a policy
trade-off with traditional objectives such as the price inflation and the output gap. This
implies that a central bank cannot achieve the first best allocation even under the flex-
ible prices and wages. Moreover, a quantitative analysis shows that a monetary policy
that is only concerned aggregate variables only causes about a 5% larger welfare loss
after idiosyncratic productivity shocks compared to the case where the central bank
takes into account the variations in the inequality. I conclude that optimal monetary

policy requires the consideration of inequality variation.



Chapter 2

Aggregate implications of the segmented labor model

2.1 Introduction

Recently, the Federal Open Market Committee (FOMC) made statements about the
future path of interest rates to achieve its goal: Maximum employment and price sta-
bility. Even though some economists are concerned that the continued high level of
monetary accommodation raised the risks of financial imbalances, the FOMC have de-
cided that a policy of exceptionally low interest rates is appropriate as long as the
unemployment rate remains above 6.5%. Given that a central bank sets policy rates
that are contingent on unemployment rate, is the average unemployment rate for the
economy the right measure? Or should the central bank focus on the unemployment
rate for a particular demographic group or industry? In this paper, I attempt to explain
whether heterogeneity in labor markets matters for monetary policy.

Many studies have already pointed out that there is a significant heterogeneity in
labor markets. For instance, among others, Farber (2005) points out that job loss rates
are closely related to unemployment rates and the job loss rates have much stronger
cyclical pattern for less educated workers than for more educated workers. Elsby et al.
(2010) also demonstrates that average unemployment rate is decreasing in education
and relative change in unemployment rate is much higher in less educated population,
especially, during the Great Recession. In fact, as Figures 2.1 shows that unemploy-
ment rates have moved quite differently across over the education level.! In particular,
unemployment rates of workers with less than high school education began to rise from

7.3% in October 2007, and peaked in November 2010 reaching up to 15.7% while the

'The unemployment rates are quite different across industries, occupation within the industries as
well according to the CPS data.



average unemployment rate of workers who has at least Bachelor’s degree increased
from 2.1% to 5.1% over the same period. Furthermore, as Hoynes et al. (2012) noted
that labor market effects of the business cycle is not uniform across the demographic
gruops, and the significant differences have been stable for more than 4 decades. They
also note that the difference in the cyclicality between industries can be explained by
the differences of the share of certain demographic groups; the demographic groups
that exhibit larger cyclical variation are more likely to be employed in the industries
with greater exposure to cycles. Rogengren (2013) also mentioned in his speech that
“construction and durable goods industries have provided jobs for some with less ed-
ucational attainment and such industries, as interest-sensitive sectors, would directly
affected by monetary policy.”?

In spite of the evident differential in labor markets, however, monetary policy con-
sidering heterogeneous labor market is not sufficiently studied. Accordingly, in the
present paper, I build a structural model based on Gali (2011) to account especially
for the heterogeneity in unemployment rates and then analyze the aggregate implica-
tions arising from it. A growing number of researchers have tried to incorporate labor
market frictions to New Keynesian framework through search and matching theory in
which the wage is determined by Nash bargaining between households and the firms.
However, such models generally yield too much volatility in wages. Although many pa-
pers adopted real rigidities in a wage setting or introduced wage indexation in order to
produce staggered wage behavior, the model then easily become too complicated to get
a solution analytically. Gali (2011) builds a model within a standard New Keynesian
framework following Erceg et al. (2000)’s specification on the labor market. The Gali
(2011) model is convenient and appropriate for optimal monetary policy with unem-
ployment in that it takes the unemployment explicitly into account as an observable
variable. It allows us to measure the welfare relevant output gap based on the observ-
able variables. I consider the educational attainment as the origin of the heterogeneity
in labor market. This is because education level that a worker attained is closely re-

lated to his/her occupation, and the portion an occupation affects the unemployment

http://www.bostonfed.org/news/speeches/rosengren/2013/011513/011513text.pdf



fluctuation of the industries?.

I assume that there are two monopolistic labor markets and each worker is assigned
to one of the two markets according to their education level. The workers with high
education level, called high-skilled workers, are less substitutable than low-skilled work-
ers. This assumption implies that high-skilled workers have higher natural markup than
low-skilled workers, and hence, the average wage of high-skilled workers is greater than
those of low-skilled workers in equilibrium. In addition, I assume that labor supply
elasticity for low-skilled workers is larger than high-skilled workers. Intuitively, low-
skilled workers with a lower wage have to spend greater fraction of their wage on living
costs, and with limited access to financial market, they become sensitive to changes in
their wage. On the other hand, since high-skilled workers with higher wages have bet-
ter opportunities to access financial markets, high-skilled workers have much superior
capacity to offset the fluctuation in their wage. Thus, their labor supply is relatively
stable compared to low-skilled workers. The difference in the labor elasticities across
sector has a significant impact on the differentials in the sectoral unemployment rates.
In particular, smaller labor demand and supply elasticity of high-skilled workers lead to
a steeper wage Phillips curve and hence much less volatile response of unemployment
rate given a change in the nominal wages. Furthermore, the difference in the slope of
the wage Phillips curves induces a variation in the wage-premium, aggregate wage, and
in turn, it affects aggregate dynamics of the other endogenous variables in response to
economic shocks. In fact, the wage premium moves procyclically in response to a neg-
ative demand shock, which makes monetary policy more effective in stabilizing output
fluctuation and inflation under the segmented labor market than under a single labor
market model. Therefore, understanding the heterogeneity in labor market would be

crucial to determine appropriate policy rate.

3However, the heterogeneity also can be introduced through any other factors generating different
labor supply elasticities such as gender, race or age
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©
—
— LessH
< _| ---- High school
—
College
o N ] o Bachelor
— —
<
14
= o
= _|
& —
S
g o
(o
5
S © 7 -\ h‘v !
o2 ’ N .“.\'\v\%'\ '~/’ -
< - ‘,,,.’..' SRR A e M TN
-'-..‘.I‘f.\-’\ o .I
. . . Noo »
N = a T A N s

2000 2002 2004 2006 2008 2010 2012

Data Source: Bureau of Labor Statistics, Current Population Survey

Figure 2.1: Unemployment rates by Educational Attainment (Seasonally Adjusted)

2.1.1 Empirical Evidence

In this subsection, I examine the effect of a monetary policy shock on labor market dif-
ferentials in unemployment rates, employment ratios, and real wages through the VAR
analysis based on micro data which covers from 1984Q1 to 2008Q3. I use the “Merged
Outgoing Rotation Group (MORG) of the Current Population Survey (CPS)” which
provides monthly information on about 50 variables including employment status, level
of education, and weekly earnings. Using this, I obtained quarterly data of unem-
ployment rates and employment to population ratio for each labor market and the
wage-premium that are defined as the gap between average logged high-skilled wage
and average logged low-skilled wage. In addition, I obtained quarterly real GDP per
capita from (A939RX0QO048SBEA), Inflation from the percentage change in implicit
price deflator (GDPDEF), and nominal interest rate from the effective Federal Fund

Rate (FEDFUNDS) of Federal Reserve Economic Database (FRED) maintained at



Federal Reserve Bank of St. Louis. Finally, I set the vector of endogenous variables as:
Y, = [yt uf{ utL nf wf“ 0 it]

where ufT and ul are the unemployment rates for high-skilled workers and low-skilled
workers respectively, nft(= nff — nl) denotes employment gap across sector, and w}?
denotes wage-premium.* The variables, y;, m; and 4; denote logged real GDP per
capita, percentage change of GDP deflator and the effective Federal fund rate (FFR)
respectively. Once I constructed 7 quarterly time series data, firstly, I build seasonally
adjusted labor market time series data using X-12 and then remove the trend from all
the variables using HP filter and finally obtain the variables in percentage change term.
In order to determine the lag order p, I compare the four types of criteria; Akaike
Information criterion (AIC), Hannan-Quinn (HQ) criterion, Schwarz criterion (SC),
and Akaike’s Final Prediction Error (FPE). HQ and SC indicate p = 1 is appropriate
while AIC and FPE suggest p = 10 and p = 9 respectively. The VAR model in this

section is estimated using p = 1 and is given by:
Yi =AY 1 +wy

where A is coefficient matrix, and u; is an unobservable error term assumed zero-mean
independent white noise with w; ~ NZD(0,%,). Using Cholesky decomposition, I
obtained the Impulse response functions to a one percentage standard deviation increase
in FFR and is plotted in Figure 2.2. The red lines show the 95% bootstrap confidence
interval with 1000 runs. As I expected, the negative demand shock causes decrease
in output and inflation. More importantly, both unemployment rates rise while low-
skilled unemployment rate increases more than twice of high-skilled workers in response
to contractionary monetary shock. The wage-premium rises initially but persistently

falls indicating lagged procyclical in response to monetary shock as in Khalifa (2013).

1w is defined as log(W{') — log(W) and W and W are logged average weekly earnings per

. -weekly earning;” X earning weight;
worker. For instance, W = 2i i i

>, high-skilled population weight,



Employment gap increases by more than 20%. A relatively small decrease in wage

premium and larger increase in employment gap implies the higher income gap between

high-skilled workers and low-skilled workers. This result is consistent with the inequality

literature such as Coibion et al. (2012) and Gornemann et al. (2012)
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Figure 2.2: VAR(1) IRFs to the monetary shock

2.1.2 Related Literature

To understand the implications of a monetary policy shock, many researchers already

have taken the empirical analysis with different data set. Carpenter and Rodgers III

(2004) conduct VAR analysis based on the data obtained from BLS’s October Supple-

ment of the Current Population Survey which covers a period from 1948 to 2002. They
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argue that monetary policy have a disproportionate effect on the unemployment rate of
low-skilled workers noting that contractionary monetary policy lowers the employment-
population ratios of minorities and less-skilled by increasing their unemployment rates.
Williams (2004) also points out that there is a substantial differential monetary policy
impact based on VAR analysis. In particular, he argues that positive monetary policy
shock has affected much more the construction and the durable manufacturing sectors
than service sector. He notes as well that because the majority of the workers in man-
ufacturing and construction are designated as PCR and OPL?, these occupations have
experienced significantly higher cyclical unemployment rates than workers in the MP
and TSAS categories.

Recently, Khalifa (2013) also takes VAR analysis with the data from “Outgoing
Rotation Group of the Current Population Survey” for the period 1979 to 2004, and
shows that a positive shock to Fed funds rate causes a drop in the inflation rate, and
in real gross domestic product as well as a lagged decline in the skill premium. In
addition, he builds a model in order to explain the persistent aggregate unemployment
rate and more persistent unemployment rate of low-skilled workers than high-skilled
workers using search and matching model. He argues that downgrading of high-skilled
workers forces low-skilled workers to be unemployed during economic downturn and
this mechanism contributes to the persistence of unemployment. The model assumes
that the high-skilled workers have more efficient matching rate than low-skilled workers
so that the high-skilled can crowd out the low-skilled occupation when they compete.
Important weaknesses of his model are that, in contrast to the data, the impulse re-
sponses based on his model not only show that unemployment rate for the high-skilled
are more volatile than for the low-skilled but also fail to explain staggered wages.

However, the model developed in present paper overcomes both of the weaknesses.
I am motivated from the micro evidence that high-skilled workers have less Frisch

elasticity than low skilled workers. Blanchard and Katz (1997) assert that “unskilled

"PCR and OPL are the acronyms respectively for Production / Craft / Repairers and Operators /
Fabricators / Laborers

SMP and TSA are the acronyms respectively for Manager / Professional and Technical / Sales /
Administrative
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individuals have significantly higher labor supply elasticities than skilled individuals,
and thus, a fall in labor demand in economic downturn will have a larger impact on
the employment prospects of less-skilled workers.” In fact, this is confirmed by Fiorito
and Zanella (2012) and Kimball and Shapiro (2008). Kimball and Shapiro (2008)
estimate labor supply elasticities for individuals with different educational attainment
using survey data from the Health and Retirement Study and find that individuals
with college degrees have substantially lower labor supply elasticities than individuals
with some college education or no college education.” On the other hand, Fiorito
and Zanella (2012) estimate the micro/macro Frisch elasticity based on Panel Study
of Income Dynamics (PSID) data of 1968 - 1997 waves. Especially, showing that the
elasticity for the subgroups including the low-educated workers are much elastic than
others, they argue that the aggregate elasticity is decreasing sharply with education.
Moreover, they point out that the correlation between wages and the volatility of net
flow (the difference between entry and exit), which accounts for extensive margin on
aggregate labor supply, is much larger for without college degree groups than college
degree group. Although the estimates are different from each other, both papers confirm

that high-skilled workers have lower Frisch elasticity.

2.1.3 Outline

I describe the model in detail at section 2.2, and I illustrate aggregation and the equi-
librium of the model in section 2.3. In section 2.4, I calibrate model and obtain impulse
responses to both of the productivity shock and monetary policy shock. I discuss about

the estimation results in section 5. Finally, I give a conclusion in section 2.5.

"Gourio and Noual (2009) also show that even though most workers are inelastic, aggregate elasticity
can be large depending on the size of marginal workers whose wage are close to reservation wage using
National Longitudinal Survey of Youth 1979 (NLSY79) data. Their estimates of Frisch elasticity as of
July 1985 are 1.13, 1.22, and 2.05 for college graduates, high-school graduates, and high-school dropouts
respectively.
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2.2 Model

I extend Gali (2011) so that each household comprised of a continuum of workers
and they are belong to one of the two sectors according to their education levels. I
make three assumptions to simplify the analysis. First, a worker is prohibited to cross
the sector (sectoral immobility), and thus, there are two distinct monopolistic labor
markets. Second, population share of a sector is constant, that is, a fixed fraction of
total population is always belongs to a sector. Third, I also assume there is only one
good producing sector in which a firm hires workers from both of the labor markets,
and aggregate it into homogeneous labor as an input factor. By this, the model can
be generalized with heterogeneous good producing sectors with different technologies
of aggregation; some firms need more high-skilled workers relative to other firms; or
the elasticity of substitution between high-skilled workers and low-skilled workers could
vary across the sectors. I then introduce heterogeneity through the elasticity of labor
supply and the elasticity of substitution between workers within a sector; elasticities
of high-skilled sector differ from those of low-skilled sector. Furthermore, I assume

indivisible labor so that all the labor variations occur only at extensive margin.

2.2.1 Firms and Price setting

Monopolistic competitive firms hire workers from both labor markets and then aggre-
gate it with CES technology into homogeneous effective labor input. Each firm produces

a differentiated good z € [0, 1] using a production function which is given by:

Yi(2) = A (He(2))' ™"

n

n—1 n=11|n-1
n

where H(z) = [’y’l? (NtH(Z))T +(1— ’Y)% (NtL<2))

. <y
e{u—l

, Lo -1
and Nj(z) = (/ N} (i,z) <o dz’) for je(H,L)
0

where Hy(z) is the homogeneous effective labor input of firm z obtained by labor ag-

gregation technology; o < 1 denotes decreasing returns to scale parameter of effective
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labor by which firms face increasing marginal cost when production expands through
more employment; 7 is elasticity of substitution® between high-skilled (N/(z)) and
low-skilled labor (N[ (2)); v is the parameter governing the relative income share and
it becomes relative income share itself when n = 1, that is, when production function is
a Cobb-Douglas; &, is labor elasticity of substitution within the corresponding sector
j € (L,H) and I would defer further explanation of this parameter to wage determina-~
tion section. A; is an exogenous technology parameter which is assumed that a; = logA;
and a; = paai—1 + €} where p, € [0,1] and € is a white noise process with zero mean
and variance o2. Nominal marginal cost can be derived from the optimality condition

for a representative firm with respect to labor input:®

Wi _ 1- 1-0\ 727
Ui(2) = (1= o) (Hy(2) ® where W, = (’y (WtH) T+ (1-7) (WtL) 77)

where W/ and W/} are the average nominal wage for high-skilled workers and low-
skilled workers respectively. In addition, firm’s cost minimization problem, taking wages
as given, implies the set of labor demand schedules:'©
- wi@\ - wi\
Ni(i,2) = [ = N}(z) and Ny(z)=n~|—=Lt Hi(z) whereje€ (H,L)
Wy} Wi
for all i € [0,1] and for all z € [0,1]. I introduce nominal rigidities in price through the
Calvo (1983) pricing; only 1 — 6, fraction of the firms can choose their optimal price,
Py, in period t to maximize their profit subject to the sequence of demand schedule

* —€
b ) ! Ciik, for k =0,1,2,... Where Y, ;; denotes output at

constraint Yy, = <Pt+k

time ¢ + k of a firm that last reset its price in period t. Then optimality condition for

8as n — 0, production function become Leontief in which low-skilled workers and high-skilled workers
used only with fixed proportions; as 7 — oo, workers with both education level are perfectly substi-
tutable, and hence, only low-skilled workers are used unless the average wages are the same for both
skilled workers; as 7 — 1, it become Cobb-Douglas production function in which income share is fixed
with v

9See Appendix B.1.2 for the details of derivation
10See Appendix B.1.2 for the details of derivation
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the firm is given by

o0
> 0SB { Quisk Y (PF = MPU )} =0
k=0

g
where Q4r = sk (%) Pit—k is the relevant stochastic discount factor for nominal

payoffs in period ¢ + k, ¥y p = W is the nominal marginal cost in period
g t+k|t
t + k of producing quantity Y, and MP = 2 is the desired or frictionless price

ep—1

markup over the marginal cost. Log-linearization of the optimality condition around

the zero inflation steady state yields

pr = pP + (1 — 30y) Z (86,)" Ey {1y} (2.1)

k=0

Note that lower case variables in present paper denote the log-deviation of the variables

from the steady state and p? = log(MP). Define the average nominal marginal cost as

_ Wik . o .
Uy = m Noting that first order log approximation of aggregate relation

yr = ay + (1 — a)hy, it follows that

Yoyt = Yr+k + (ht+k\t - ht+k)

e (2.2)

I—a (i — Pr+k)

=Yk —

Price inflation equation can be derived by combining (2,1), (2,2) and the log-linearized

price index, p; = Op,p;—1 + (1- ep)P?

m} = BE {1} — Ap (1} — iP) (2.3)

where 77’ = p;—p;_1 is wage inflation, pf = p; —1; denotes the log average price markup

(1-0,)(1—B0p) (1-0)

0p (1—ataep) > 0.

which is the same as negative real marginal cost, and A\, =

2.2.2 Household

There are large number of identical households which are comprised of a continuum

of members for each labor market represented by the unit indexed by i € [0,1]. The



15

index 7 € [0, 1] indicates the type of labor service in which a given household member
is specialized in a given sector. The household members are heterogeneous in that la-
bor elasticities of workers are different across the sectors and the workers are assigned
to a sector depending on the level of skill they have.'’ I assume that there are two
level of skill, j € (L, H), by which the members are categorized as low skilled workers
and high skilled workers respectively. Each of agents assumed to consume the same
level of goods and services independently of their employment status and skill level, so
it assumed full risk sharing within a household. Representative household maximize
household’s discounted lifetime utility (2.4) subject to budget constraint (2.5). While
labor demand, th (), are determined by the aggregation of firm’s labor demand deci-
sions and allocated uniformly across households, workers choose their optimal wages,
W/ (i). Therefore, both W (i) and Nj (i) are taken as given by each individual house-

hold. Each household’s discounted lifetime utility is given by:

S SN = Sopr | G0 [T )
;ﬁU(Ct’Nt(l))_;ﬁ -0 5/0 e S)/o I

on
(2.4)

where s'? is the ratio of the high-skilled population to the total population and is as-
p

ep—1

sumed to be constant. Cy = < fol C’t(z)fpdz> "™ and Cy(z) is the quantity consumed
of good z for i € [0,1] and N/ (i) € [0,1] is the fraction of members specialized in type
i labor in j € (L, H) sector who are employed in period t. ¢; denotes the Frisch labor
supply elasticity of j skilled worker. Blanchard and Katz (1997) argue that since the
wages of low- skilled workers are close to their reservation wage (whereas the wages of
high-skilled workers is much higher than their reservation wage), high-skilled workers
has much flatter labor supply than low-skilled worker. Taking this point of view, I as-
sume that parameter for Frisch elasticity, o < ¢, that is, high-skilled workers would

have higher marginal rate of substitution than low-skilled worker at the same level of

11 Again, they also can be classified by gender or race

NE  popf! LE NH NH )
= 57 = S5 g Where j €

_ _ Pop; Pop; Pop,” L Pop;

(H, L). Therefore, N} and L] can be interpreted as Employment to Population Ratio and participation

rate respectively as explained in later.

12hen all variables are measured in per capita term,



16

employment. Households budget constraint is given by:

/1 Pi(2)Cy(2)dz+ QB < By_1+5 /1 WH)N (i)di+ (1 —s) /1 WEG)NE(i)di 411,

0 0 0 25)
where P,(z) is the price of good z , Wt] (7) is the nominal wage for type i labor with
j € (L, H) skill, B, represents purchases of nominally riskless one-period discount bond
paying one monetary unit, (; is the price of that bond, and I1; is a lump-sum component
of income at time t. The first order conditions for the maximization problem subject

to the budget constraint give the consumption Euler equation:

(2.6)

Q. = BE, <Ct+1>a P

Cy P

Optimal demand for each good resulting from utility maximization takes the familiar

where P, = < J. ! Pt(z)l_ﬁp) "% denotes the price index for final goods.

form:!3

0

2.2.3 Wage Determination

Analogous to the good market, the labor markets are monopolistic competitive, and
wages are determined by Calvo pricing. I assume that the Calvo parameters are the
same, 0, = 01 = 0L following Barattieri et al. (2014). In addition, I assume that high-
skilled workers are not easily substituted by others relative to low-skilled workers; e/ <
el Tt implies that the markup of high-skilled workers in wage setting is greater than
that of low-skilled workers, and it also makes sure that high-skilled wage is larger than
low-skilled wage on average with the assumption on Frisch elasticities. As I explain later,
these two elasticities are closely related to divergent unemployment rates. For each labor
market, only 1—6,, fraction of workers can re-optimize their wage. When re-optimizing

their wage in period t, workers choose a wage W7*, where again j € (L, H), in order to

13Details for derivation in Appendix B.1.1
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maximize their households’ utility taking as given all aggregate variables, including the
. 1

aggregate wage index W/ = ( fol Wy} (7)1 —cw di) =<t . The optimal wage setting rule for

j-skilled workers can be obtained from the maximization problem subject to the budget

constraint and the corresponding labor demand schedule which is determined by firms:

> , Wi . .
k —o
> " (B0.)" Ey {thkltcm (P - MJMng+k|t>} —0 (2.7)
k=0 t+k
where thJrM , denotes the aggregate quantity demanded in period t+k of high-skilled

. S
workers whose wage was last reset in period t. MRSi—f—k\t = sCerk(Nngk‘t)W is the

period t+k marginal rate of substitution between consumption and employment for a
high-skilled worker whose wage is reset in period t, and M7 <E %) is the desired or
frictionless wage markup and p/ = log M. The first order log approximation of (7)

around the zero inflation steady states gives the optimal wage equation as the markup

plus weighted average of future price-adjusted marginal rate of substitution:

WE

Wl = 1+ (L= 0,) S (800" By {rmrsd 1, + pre (28)

B
Il

0

. o
Defining the j-skilled sector’s average marginal rate of substitution as M RS = sC¢ (N} ) %3,
the marginal rate of substitution of each individual in j-skilled sector can be written
in terms of the relationship between the average marginal rate of substitution and the

relative wage:'4

mrs’ = mrs’ + i n’ —n’
tklt — t+k A\ Mtk t+k
Pi
J

. 6 . .

_ i Cw gk g

= mTSt+k ' (’U}t wH_k)
Pj

Ywhere N/ = fol N7 (i)di is the sector aggregate employment rate
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Finally, combining (2.8), (2.9) and the log-linearized form of aggregate wage index, I

obtain j-skilled wage Phillips curve as:!?

] = BE, {Wiﬁ} - XN, (ui - uj) (2.10)

J

where m = w] — wgfl is the j-skilled wage inflation, % =wl — Pt — mrs{ denotes the

log average j-skilled wage markup, and N, = H% > 0 where O = w.
@5

2.2.4 Unemployment

Since the idea for introducing the unemployment is exactly the same as in Gali (2011), I
will briefly summarize his idea then explain further about heterogeneity. An individual
will be willing to work in period t if and only if real wage for his labor type exceeds
his disutility of labor. Thus the marginal high-skilled supplier of type i labor, L{ (1), is
given by '

W (i) 3

K

Define the aggregate labor force (or participation rate) as Lg = fol L{ (i)di, then the

first order approximations gives the log-linearized estimate relation:

. 1 .
wg_pt:UCt‘Falg
J

The unemployment rate u; can be written as the log difference between the labor force

and employment:!'6

i = G, + (1)
Wyl =1 — ]Z—; = —ul = log(l —u]) = n] — . Note, in efficient steady state, all labor force

has to be hired (I = n, that is, v = 0); and government subsidies impose symmetric labor market
(1% =1 = pf = n%). Moreover, note that I assume that share of the ‘high-skilled population is
constant s. Then, L; = sLT + (1 — s)L{ and N; = sN{7 + (1 — §)N{&. @y =~ Iy — 1y = st 4+ (1 — s)af.
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Noting that real wage is the markup over the marginal rate of substitution, M{ =

(w{ — pt) —mrs] = (w{ — pt) — (act + %jn{), the unemployment can be written as:

up = Qi (2.11)

Therefore, as Gali (2011) mentioned, (2.11) implies that unemployment fluctuations
are a consequence of variations in the wage markup. The presence of market power in
wage setting reflected in the wage markup (47 > 0) implies the existence of positive
unemployment even in the absence of wage rigidities unless labor supply is absolutely
inelastic: w/" = pjpu? >0, if ¢; # 0 and e, # 1. Note that natural unemployment,
/", is increasing in labor supply elasticity, ¢j, and wage markup 1/ ( or decreasing
in labor demand elasticity, 5{1,) In order to understand the relative unemployment
fluctuation, one needs to consider the ratio of the labor demand to supply elasticity.
This is because the effect of markup fluctuation is highly depending on labor supply
elasticity. The ratio is the key factor accounting for the differentials in unemployment
rates. Recall the assumption I made above (¢l < el and ¢y < ). For instance,
when labor supply elasticities are equal for both workers regardless their skill level but
elasticities of substitution are kept as in the assumption, natural rate of unemployment
for high-skilled worker would be greater than for low-skilled workers due to the greater
wage markup. On the other hand, if labor demand elasticities (elasticity of substitution
between workers within a sector) are the same for both labor markets and the Frisch
elasticity of low-skilled workers exceeds that of high-skilled workers, then low-skilled

workers would have higher natural rate of unemployment. Finally, combining (2.10)

with (4.10), I derived the sectoral New Keynesian wage Phillips Curve:
j j © J_ yim
] = BE; {7Tt+1} - (ut —u” ) (2.12)

The slope of the Phillips curve for each labor market also depends on both elasticities.
In contrast to the case for unemployment, the slope is decreasing in both elasticities.
Therefore, high-skilled workers face steeper wage Phillips curve under the assump-

tion, accordingly, high-skilled nominal wages are much volatile than low-skilled nominal



20

wages in unemployment fluctuation as shown in data.

2.3 Aggregation and Equilibrium

I assume that the government can eliminate the wage markups by appropriate subsidies
(1) to guarantee that M7(1 —77) =1 for j € (L, H), and MP(1 — 7P) = 1, and hence,

W = WH = W in the efficient steady state, then log-linearized wage index can be

written:17

wy = swi + (1 — s)wf

2.3.1 Resource Constraint and Euler Equation

Because of absence of investment and government spending in closed economy, all out-
puts produced by each firms are consumed. Therefore, market clearing condition is

Ci(z) = Yi(z) for all z € [0, 1], and hence, C; = Y;. Euler equation (2.6) can be written

0 m (1) 1

as

Y, P

and its log-linear approximation from the zero inflation steady state can be expressed

as

1 ..
Yyt = By — p {Zt - Etwfﬂ}

where i; = —q;.'%

2.3.2 Labor Market Equilibrium

Aggregate labor supply from all households must be equal to firm’s aggregate labor

demand for each labor market in equilibrium. Accordingly, the labor market clearing

H\1-7 L\1-7 H H L L
we= (%) Tl =) () ek = (eRT) wlf + (R wh = sl + (- sl
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conditions are following:'?

1 1l i\ " —
. . . . W Y; 11—«
N} = / Ng(z)dz:/ / N (i,2)didz = ;A A] <Wt> <At>
0 0 JO t t

Note that AL, A{ for j € (H, L) are measures for the price, the high skilled, and the
low skilled wage dispersion respectively, and those can be approximated to 1 up to first
order.?? The log-linearization of the employment in each sector around the steady state
can be written:

. . 1
n] = —n (wg — wt) + 1o (yt — ar) (2.13)

Furthermore, defining H; subjects to Y; = Athlfa, log-linearized effective labor can
be derived as?!:

hy = m(yt—at) = yni’ + (1 —y)nf

It is clear from (2.13) that when the wage-premium increases, firms more demand low-
skilled workers substituting high-skilled workers. In homogeneous labor market model,
the employment rate only depends on aggregate demand (output), whereas, with two
sectors in labor market, the employment affected by the wage-premium (or relative
wage) as well; Aggregate shock affects both low-skilled and high-skilled employment
directly and this affects the wages for both market. However, the sizes of the wage ad-
justment in both sectors are different due to different slope of wage Phillips curve arising
from the different elasticities. It causes the change in wage-premium. The change in

the wage-premium has asymmetric (depending on ) and opposite impact on the labor

19See Appendix B.1.2 for the details of derivation
H
VAP ~ 1+ %(3’(}) (%) Var. {p:(2)}, A ~ 1+ Z2Var. {wf'(2)} and A7 ~ 1+

L
o Var, {wf(z)} and details for second order log approximations are in Appendix C
-1

n—1 n=1
21Log-linearized effective labor can be written hy(z) = ’y% (%) T ol (2)+ (1 - ’y)% (NTL) T onk.
However, since I assume that the government subsidies make W = W = W in steady state, and it
1—n
is simplified to h:(z) = yn{’ (2) + (1 — y)nf () because % =7 (WWH) = =, In addition, defining
Y; = A,H}!™*, 1 obtain first order approximation of aggregate effective labor as h; = ynf + (1 —~)nf.
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markets. Note that even though aggregate shock brings about disproportionate effect
on labor markets, it has no direct effect on aggregate output. This is because firms
can produce the same level of homogeneous effective labor input by changing the pro-
portion of the inputs (high-skilled and low-skilled workers). However, the differential
in wage response to aggregate shock influences aggregate wage inflation and it affects
price inflation and thus aggregate level of output. I will discuss this channel with the

wage-premium in next subsection.

2.3.3 Aggregate Dynamics under the segmented labor market

In this subsection, I discuss the model dynamics under the segmented labor market and
contrast that under the standard (single) labor market model. To this end, I derive
the aggregate wage Phillips curve by taking weighted average of the two sectoral wage

Phillips curves:??

m = BE i} + Koy — (WIS + (1 —y)ALaL) — (1 — )0 (xwr — xp) &F

(2.14)

where x; = . Jlrsj
J

w

denotes inverse of composite elasticity for j € (L, H) sector and
kyw > 0 denotes the weighted average slope of the two sectoral wage Phillips curve.
Noting that composite elasticity of high-skilled workers is always less than that of low-
skilled workers, xg > xr, it is straightforward that the aggregate wage Phillips curve
has two negative endogenous shift terms related to weighted sum of real wages and the
wage-premium. The endogenous shift term arising from wage-premium brings about
important channel for aggregate dynamics. This is because the two endogenous shifts
could be offset each other depending on the direction of real wages and the wage-
premium; if both terms have the same direction the shift would be amplified, otherwise
it would be offset. For example, suppose a shock forces nominal wage to decrease.
High-skilled wage will fall more than low-skilled wage inducing decrease in the wage-

premium. After positive technology shock leading increase in real wage, the effect of

~H ~ L
221t also can be expressed as: 7}’ = BE; {741} — © {% + %}
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endogenous shift will be offset. On the other hand, negative demand shock will push
real wage down, and the effect will be amplified. Therefore, the directions of these
two endogenous variables are important in order to understand aggregate dynamics.
Similarly, Lee (2011) discussed that aggregate Phillips curve has endogenous shift term
arising from changes in relative price and it makes aggregate Phillips curve flatter
than homogeneous model assuming the heterogeneity in good producing sectors in that
each sector has different frequencies of price adjustment. Another important thing of
aggregate wage Phillips curve is the effect of . In present model, obviously, the slope of
the aggregate wage Phillips curve become steeper as v increase. However, the magnitude
of the endogenous shift is also depending on the value of v; if y = 1 (7 = 0), the curve
will be steeper (flatter) but the endogenous shift arising from the wage-premium will
disappear implying homogeneous labor market. Note that under homogeneous labor
market, that is, when o = ¢ = ¢ and € = L = ¢, the aggregate wage Phillips
curve coincides with Gali (2011). Aggregate elasticity can be directly calibrated once
I have sectoral elasticities, it allows us to compare heterogeneous labor market model
with homogeneous labor market model. I explain more about the aggregate dynamics

later with the impulse responses.

2.4 Quantitative Analysis

2.4.1 Calibration

I adopt decreasing return to labor parameter a = 0.17 from Galf et al. (2011).23 T

set n = 2.6, adopting the mean value of plausible range of this parameter suggested

231t is also close to the calibrated value (0.13) of Greenwood et al. (1997)
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by Mollick (2011).24 In order to obtain +, I compute relative income share of high-
skilled household based on the “Merged Outgoing Rotation Group” (MORG) of Current
Population Survey (CPS) which covers from 1979Q1 to 2008Q3. I then obtain v =
0.52.25 T assume relatively risk averse households by setting the intertemporal elasticity
of consumption; ¢ = 2. Noting that the natural unemployment rate is determined by
the ratio between desired wage markup and Frisch elasticity, u/ = @juj, I compute
combinations of the values of ¢; and 5{'0, which is consistent with average unemployment
rates of the data. I then set ¢y = 0.125, ¢ = 0.56, 65 = 4, and leU = 7.5. This
implies 33.3% (15.3%) wage markup for the high-skilled (low-skilled) workers. Then
aggregate wage markup is approximately 25% as in Gal{ (2011). In doing this, I consider
natural rate of unemployment for each labor market as average unemployment which is
obtained from MORG of CPS data I mentioned above; u™ = 0.079, ™ = 0.037. I set
ep = 10 implying price markup at steady state is about 11%. I set 6, = 0.75 following
Nakamura and Steinsson (2008) which means that an average duration of price is 4
quarters. Barattieri et al. (2014) argue that there is little evidence of heterogeneity in
frequency of wage adjustment across industries and occupations, and they estimate the
Calvo parameter as 0.822 implying that only 17.8% of hourly workers experienced wage
change in a quarter. As usual, § is set to 0.99. Finally, I set policy response parameter
to inflation, ¢, and output gap, ¢,, is 1.5 and 0.125 respectively. Table 2.1 summarize

the parameters, descriptions, and the values.

#Krusell et al. (2000a) estimates CES production function and shows capital structures’ share of
income at 0.117 and elasticities of substitution 1.67 between skilled and unskilled labor. The elasticity
of substitution parameter 7 is somewhat controversial since the production function does not take
capital as an input in the present model. In addition, there are broad ranges of estimates: Raval (2011)
estimates CES production function with factor augmenting technology and shows that the estimate
of elasticity of substitution between skilled and unskilled labors is 2.43. Lee and Wolpin (2010) also
estimate the elasticity between composite capital-white-collar workers and pink or blue collar workers
in the service (good) sector of 1.21 (1.34). Mollick (2011) estimates the elasticity using enrollment
ratios and government expenditures on education as instrument variable, and argues that the plausible
elasticities vary over 2.00 to 3.21. I also get IRFs by setting different values for 7. The main result is
not affected by different values of 7.

2>Note that, I consider that W is average weekly earnings of high-skilled workers who attains at
least Bachelor’s degree and and W is that of low-skilled workers whose educational attainment is less
than Bachelor’s degree. «y is used for the weight when I obtain the aggregate variables from the sectoral
variables in present paper.
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Parameter Description Value
« Decreasing returns to labor 0.17
n Labor elasticity of Substitution across the sector 2.6
¥ Relative income share 0.52
o Inetertemporal Elasticity of consumption 2

OH Frisch elasticity of High-skilled labors 0.125
YL Frisch elasticity of Low-skilled labors 0.56
el Elasticity of Substitution among High-skilled labors 4

ek FElasticity of Substitution among Low-skilled labors 7.5
Ep Elasticity of Substitution among goods 10

0, Calvo parameter of price rigidity 0.75
O Calvo parameter of wage rigidity 0.822
154 Discount factor 0.99
Op Inflation coefficient in policy rule 1.5
oy Output coefficient in policy rule 0.125
Pa Persistent parameter of technology shock 0.9
Pu Persistent parameter of monetary policy shock 0.9

Table 2.1: Parameter Calibration

2.4.2 Impulse Responses

In doing quantitative analysis, I assume that the central bank sets nominal interest rate

following Taylor rule:

iy = pite—1 + (1 — pi) (dr7t + dy) + 14

where p; € (0, 1) is persistent parameter of monetary policy, and v; is a white noise with
zero mean and standard deviation, o,. I then build a linear system of equations with
two exogenous shocks; aggregate technology shock, a;, and monetary policy shock, ;.2
I use the ‘Dynare’ to solve the model as well as to obtain impulse responses. Figure 2.3
and Figure 2.4 show the dynamic responses of basis endogenous variables (output, price
inflation, wage-premium, employment gap, labor income gap and unemployment rate
gap across sectors) to each shock based on the calibrated model. Figure 2.3 displays

the impulse responses to a 1 percent increase in the technology shock. The aggregate

variables such as output, price inflation, real wage, employment and unemployment rate

26gee appendix A.1 for the system of equations
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Figure 2.3: IRF to the Technology shock

moves as in Gali (2011). In particular, output increases and inflation falls (counter-
cyclical price inflation) in response to the supply shock. The employment rates decrease
whereas the unemployment rates increase in both sectors. These results are consistent
with Canova et al. (2010) and Barnichon (2010) respectively, although it is in contrast
to the predictions of Real Business Cycle model, such as a standard search and match-
ing model.?” An intuition behind this is that, firms with upgraded labor aggregation
technology have more efficient internal labor allocation and they can reduce unneces-
sary employment raising unemployment. Nominal wages decrease as a consequence of

increase in unemployment rate in both sectors. However, real wages rise because of

2TCanova et al. (2010) argue that the data with an appropriate treatment for the long cycles in hours
suggest that per-capita hours fall in response to neutral shocks and increase in response to investment
shocks. Barnichon (2010) finds the empirical evidence of short-run increase in unemployment after
technology shock
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further decline in inflation than nominal wages as in Gali (2011) and those increase
gradually due to the nominal rigidities.

Since, more importantly, this paper is intended to account for the heterogeneity
in the labor market, I do not plot most of the aggregate variables, and I display the
gaps in the sectoral variables to highlight the differentials instead. The high-skilled
real wage rises less than low-skilled real wage. This is because the high-skilled nominal
wage falls more than that of low-skilled workers due to the steeper wage Phillips curve,
and thus it is less covered by decreased inflation. This result is consistent with Lagakos
and Ordonez (2011) in which the authors argue that real wages in low-skilled sectors
respond relatively more to the productivity shock than high-skilled sectors. As a re-
sult, the wage-premium falls in response to an increase in productivity. This result is
noteworthy because the wage-premium generates important channel for the differentials
in employment and unemployment rates as (2.13); A reduced wage-premium implies a
decline in firms’ relative cost to carry with high-skilled workers and hence it induces
a greater demand of the firms for high-skilled workers so that employment gap across
sectors increases. As a consequence, the low-skilled unemployment rate increases more
than the high-skilled unemployment rate due to further decline in low-skilled employ-
ment. In addition, a widened employment gap dominates reduced wage premium given
elastic substitution between two different skilled workers, and consequently the income
gap rises. Figure 2.4 shows the impulse responses to 25 basis point increase in monetary
policy shock, v, implying that 1 percentage point rise in the (annualized) nominal rate.
Again, the aggregate variables moves in the same directions as in Gali (2011). Both
employment ratios decline substantially along with output (resulting from the decline
in consumption due to higher interest rate) in response to the contractionary monetary
policy. In addition, both price inflation and the real wage decline at this time. This
co-movement in output, real wages, and inflation in response to the demand shock is
well known in the literature. The labor force tends to rises for both markets due to the
negative wealth effect, consequently, the unemployment rates increase by more than
the falls in corresponding employment.

The wage-premium decreases due to relatively flexible high-skilled nominal wages;
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Figure 2.4: IRF to the monetary shock

when nominal wage decreases, high-skilled nominal wage drops more than low-skilled
nominal wages. Given the reduced wage premium, firms start to substitute high-skilled
workers for low-skilled workers, and in turn, low-skilled employment declines more than
high-skilled employment. Accordingly, the low-skilled unemployment rate increases
more and becomes more volatile. This is enhanced by a greater labor supply elasticity
of low-skilled workers. Barnichon and Figura (2010) note that “attachment to the labor
force is counter-cyclical, with workers more likely to join/stay in the labor force during
the recession”. However, the magnitude in participation rate fluctuate is too large in
comparison to the VAR analysis. Gali et al. (2011) introduces smoothing parameter
for the disutility of labor supply generating the smaller wealth effect in the short run

and muted labor supply response.?® All the qualitative results are consistent with the

28However, the unemployment differential can be generated without heterogeneity in labor supply
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VAR analysis; much larger increase in unemployment rate and participation rate of
low-skilled workers than high-skilled workers; procyclical wage-premium conditional on

monetary policy shock.

2.4.3 Aggregate Dynamics

In this subsection, I discuss about the aggregate implication of the model by comparing
the aggregate impulse responses of the segmented (heterogeneous) labor market model
with those of the single (homogeneous) labor market model under basis calibration. In
doing this, I compute the aggregate Frisch labor supply elasticity, ¢, and aggregate
elasticity of substitution between workers, &,,, for the single labor market model to
be consistent with the average value (5.3% ) of aggregate unemployment rate. I set
¢ = 0.25 and &,, = 4 which imply that workers have 25.6% wage markup similar to the
Gali’s calibration. I also target to match the slope of the aggregate wage Phillips curve
with that of single labor market model up to three decimal places. Obviously, aggregate
dynamics depend not only on the direction of the endogenous shift terms but also on
the slope of the wage Phillips curve (and hence 7). Thus, such a calibration allows
me to see the effect of the wage premium, which is not considered in the single labor
market model, only on the aggregate dynamics. As I discussed above, nominal wages
decrease due to the higher unemployment after both positive productivity and negative
monetary policy shock under basis calibration. These shock reduces output gap and
hence wage-premium. As in 2.14, the decrease in wage-premium leads to an upward
shift of aggregate wage Phillips curve, and it mitigates downward pressure of higher
unemployment on nominal wages. Consequently, aggregate wages become stickier and
aggregate unemployment rate responds to output gap more sensitively. Figure 2.5 and
A.3 show Impulse responses of the segmented labor market model with different values
of v together with those of the single labor market model. First of all, the IRF's confirm

that unemployment increases more while the difference in the real wages decrease under

elasticity. I present Figure A.1 and Figure A.2 for employment and unemployment gap under the
assumption the workers in both sector have the same labor supply elasticity: ¢r = @r = 0.25. It
shows that low-skilled employment/unemployment rates are much more persistent as well.
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the segmented labor market model in response to both positive technology and negative
monetary policy shock. This is because real wage increase (falls) more (less) in response
to technology (monetary policy) shock due to the degree of decrease in inflation. Again,
since aggregate nominal wage cannot fall sufficiently due to the upward shift caused by
the wage premium, nominal wage moves as if stickier wage under the segmented labor
market model. Accordingly, real marginal cost for the firms increase (decrease) more
(less) and thus output difference becomes negative after a positive technology shock

(negative monetary policy shock).
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Figure 2.5: Aggregate Impulse Responses to monetary policy shock
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2.5 Conclusion

In this paper, I build a New Keynesian model in order to account for the hetero-
geneity in labor market variables over the workers with different demand and supply
labor elasticities. I split household members into two groups; high-skilled workers and
low-skilled workers. I assume that low-skilled workers are more substitutable than

H<€L

e w, and hence have smaller markups, p > pl and lower

high-skilled workers, €
average wage. Higher unemployment rate prevailed in low-skilled workers is explained
by greater Frisch labor supply elasticity than high-skilled workers. In addition, more
elastic labor supply and demand of low-skilled workers induce a flatter wage Phillips
curve so that low-skilled unemployment rate responses more sensitively to wage infla-
tion. In addition, a flatter wage Phillips curve implies effectively stickier low-skilled
wages, and consequently, it induces a procyclical wage premium. On the other hand,
greater labor demand elasticity makes low-skilled employment more vulnerable to an
economic shock, and hence, the employment gap across sectors moves counter-cyclically.
If elasticity of substitution between different skilled workers is sufficiently large as in
the literature, n > 1, a decline in the wage premium leads to a greater employment
gap, and thus, income gap widens. I calibrate the model with “Merged Outgoing Rota-
tion Group” of Current Population Survey data. I define “high-skilled workers” when
an individual has Bachelor’s degree or above and “low-skilled workers” otherwise. I
then obtain impulse responses based on the model. It shows that unemployment rate
fluctuations vary considerably across the sectors especially in response to the demand
shock which confirms the empirical evidence. In addition, endogenous shift caused by
the change in wage-premium prevents nominal wages from fully adjusting after both
positive technology and negative demand shock, and thus, firms marginal cost and pro-
duction. Therefore, output, employment ratio, and unemployment rate becomes more
volatile under the segmented labor market model. Therefore, if labor market is seg-
mented so that the procyclical wage premium takes an important role on the aggregate
dynamics, policy makers should be cautious in that monetary policy might be more

effective than they have thought.
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Chapter 3

Segmented labor markets in an estimated NK model

3.1 Introduction

Although the differentials in labor market variables at the business cycle frequency have
been recognized by many papers, the effect of such differentials on the aggregate dynam-
ics has not been studied sufficiently. I propose a mechanism (strategic complementarity
in wage setting) by which aggregate fluctuation is amplified in response to aggregate
and idiosyncratic shocks. In order to account for the differentials in real wages and
unemployment within the mechanism, it is important that elasticity of substitution (or
labor demand elasticity) within a labor sector and the Frisch elasticity (or labor sup-
ply elasticity) are different across sectors. This is because the parameters determine
the slope of the wage Phillips curve. The slope of the Phillips curve is important for
the propagation of shocks and determines the unemployment-inflation tradeoff faced by
policymakers. For instance, a flatter wage Phillips curve implies a less decline in wage
inflation given a rise in unemployment. In other words, real wages with a flatter wage
Phillips curve are effectively stickier than those of other sector. Lichter et al. (2014b)
among others show that elasticity of labor demand for the unskilled (high-skilled) labor
is significantly higher (lower) than for the overall workforce by conducting a compre-
hensive meta-regression analysis. In addition, Fiorito and Zanella (2012), for instance,
show that estimate the Frisch elasticity of subgroup including the low-educated work-
ers is much greater than other groups. The present paper is intended to confirm those
empirical findings based on a structural model within a standard the New Keynesian
framework. If the labor demand and supply elasticity are different across sectors, it is

natural to expect that the gap in consumption and labor market variables across sectors
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changes in response to an economic shock. Accordingly, consumption and income in-
equality would change after an economic shock, especially after monetary policy shock.
The second objective of this paper is to investigate the contribution of shocks in the
dynamics of such gaps across sectors in consumptions and labor market variables and
to derive a policy implication from the estimation results.

I modify Gali et al. (2011) to account for the heterogeneity in labor market variables.
There are two labor markets instead of one (single) labor market; one for high-skilled
workers and the other for low-skilled workers. Those two types of workers are different
only in the labor supply and demand elasticity. In addition, I introduce bond-holding
cost in order to avoid singularity problem as Schmitt-Grohé and Uribe (2003) discussed.
However, it also takes into account the heterogeneity in accessibility to the financial
market across sectors. Firms need to hire both high and low skilled workers and aggre-
gate it into a homogeneous production input. I maintain most features of Gali et al.
(2011) in that I consider nominal rigidities through the Calvo pricing with indexation,
time-varying markups, risk-premium on the government bond price, and consumption
habit formation. I simplified their model in that I do not consider capital in production,
and thus, investment. Instead, I consider diminishing return on labor input.

I use a typical Bayesian estimation method to estimate the model. I linearize a
system of the optimality and equilibrium equations to obtain the solution to the model
in the form of linear state space model. I then use the Kalman filter, which is known
for optimal projection of state variables within the class of linear model, to compute
the likelihood. As the posterior distribution is proportional to the likelihood multiplied
by prior distribution, I set priors following Del Negro and Schorfheide (2008) and Gali
et al. (2011). Finally, I characterize the posterior distribution of the parameters using
Random Walk Metropolis-Hasting Algorithm. I burn-in the draws until the algorithms
are converged and adjust jump-scale parameter to target 23% of acceptance rate.

The estimation result confirms that labor demand and supply elasticity for low-
skilled workers are greater than those of high-skilled workers. The estimate for the

elasticity of substitution across sectors is sufficiently larger to generate greater income
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gap after monetary policy shock. The posterior distribution indicates that nominal in-
terest rate is quite persistent and the monetary policy has been strongly responded to
the inflation. However, the consumption habit parameter and the concavity parameter
of production function are surprisingly low. This implies that heterogeneity in con-
sumption can explain persistent aggregate consumption and the production function is

almost linear in aggregate labor input.

3.2 Model

I extend the model developed in Chapter I in several dimensions. First, I relax per-
fect consumption risk-sharing assumption across the labor sector by introducing bond-
holding cost that depends on their labor income. Consequently, heterogeneity in labor
supply decisions across sector is influenced not only by differentials in employment level
but also by differentials in consumption. In addition, the model allows us to discuss
consumption and income gaps (inequality) across sectors. The rest of specification of
the model is similar to Smets and Wouters (2007) in that the model features consump-
tion habit formation, Calvo pricing with prices and wages indexation. There are 8
exogenous shocks including risk premium shock, price and wage markup shocks, and

two sectoral productivity shocks.

3.2.1 Firms and Price setting

Monopolistic competitive firms hire workers from both labor markets and then aggre-
gate it with CES technology into homogeneous effective labor input. Each firm produces

a differentiated good z € [0, 1] using a production function which is given by:

Yi(z) = Ay (Hy(2))' ™

n
n—1 1 n—=17n—1
n

where Hy(z) = [7}} (Ang{(Z)) K +’>’2 (AtLNtL(z))

1

1 . 1+)\{U¢
and Ng(z)=< / Ng(z',z)“*fu,tdz') for je(H, L)
0
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where Hy(z) is the homogeneous effective labor input of firm z obtained by labor ag-
gregation technology; a < 1 denotes decreasing returns to scale parameter of effective
labor by which firms face increasing marginal cost when production expands through
more employment; 7 is elasticity of substitution between high-skilled (N (z)) and low-
skilled labor (N/(z)).! The parameter v determines the relative income share and it
becomes relative income share itself when 1 = 1, that is, when production function is
a Cobb-Douglas; 1 + /\fuyt is time varying desired wage markup in j labor sector and

In )\{'U’t is assumed to be follow AR(1) process:?

N, = (1= pl) X, +pl,In X, ,_, +0ole,, for je (H L)

where pfl, € (0,1), N, > 0, o7, > 0, and 5{0’1‘/ ~ NID(0,1). A; is an exogenous
technology parameter which is assumed that a; = logA; and a; = pgai—1 + £f where
pa € [0,1] and ¢ is a white noise process with zero mean and variance 2. Similarly, Ag
for j € {H, L} denotes idiosyncratic productivity shock in j sector. The average nominal
marginal cost can be derived from the optimality condition for a representative firm

with respect to labor input?:

, J _ R
Uy(2) = % where w; = ‘Zé and w; = (’YH (w{{)l "L (th)1 n) e
¢

where W/ and W/ are the average nominal wage for high-skilled workers and low-

skilled workers respectively. In addition, firm’s cost minimization problem, taking wages

'as n — 0, production function become Leontief in which low-skilled workers and high-skilled workers
used only with fixed proportions; as n — oo, workers with both education level are perfectly substi-
tutable, and hence, only low-skilled workers are used unless the average wages are the same for both
skilled workers; as 7 — 1, it become Cobb-Douglas production function in which income share is fixed
with v

2T also use M{ as the j-sector time-varying desired wage markup for sake of simplicity in the
derivation of the wage Phillips curve. In addition, M can be written in terms of stochastic sectoral
E'Zu,t

J_
€w,t

wage elasticity (ef‘v’t): M = 1

3See Appendix B.1.2 for the details of derivation
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as given, implies the set of labor demand schedules?:

o (w<>><>

j j =\ Hi(2) -
W) N{(z) and N/(z)=n~;|— where j € (H, L)

wt Al

for all 7 € [0,1] and for all z € [0, 1].
There is competitive firm that aggregate intermediate goods using CES technology

and produces the final good:

1 1 1+>\f
Y= [/ Yt(zﬁ“”t}
0

where 1 + A, ; is the time varying price markup, and In A, ; evolves according to the
AR(1) process:

I AY = (1= pp)InAp + ppIn App—1 + opps

where p, € (0,1), In A, >0, 0, > 0 and ¢, ~ NZD (0, 1).
I introduce nominal rigidities in price following Calvo (1983) pricing with partial
indexation, that is, only 1 — 6, fraction of the firms can choose their optimal price, P}

and 0, fraction of the firms adjust their price according to an indexation rule: P;1;(z) =

L
Pi(z) (£ " in each period t. Firms profit maximization problem subject to the
1

P
Py (PH“)Lp)—(H-)\;’t)

Py Py

sequence of demand schedule constraint Y, = < Ciyg, for

k=0,1,2,... lead to the optimality condition for the firm:

- Piyp-1\"”
Z Hl;Et {Qt,t+ky;t+k;t (Pt* <Pt1> — ./\/lf\Ift+k|t> } =0

k=0

where Y, |, denotes output at time ¢ + k of a firm that last reset its price in period t,

=~ -0
Qt vk = Bk (%) Pik is the relevant stochastic discount factor for nominal payoffs
t

——@t _ —is the nominal marginal cost in period ¢ + k of
(1—a)ArirH, 5, g P

producing quantity Y}, and MV (=1 + N) is the desired or frictionless price markup

in period t +k, Wy g =

over the marginal cost. Log-linearization of the optimality condition around the zero

4See Appendix B.1.2 for the details of derivation
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inflation steady state yields

Z (80)* E, {pF + tp (Prak—1 — Pr—1) — Ty — Vpsne ) =0 (3.1)
k=0

Note that lower case variables in present paper denote the log-deviation of the variables

from the steady state and pu;? = log(M?) ~ (%) In A\, ¢+. Define the average nominal

marginal cost as Uy, = i Wetk Noting that first order log approximation of

1—a)Yiyr/Hevr

aggregate relation y; = a; + (1 — ) hy, it follows that

Yoyt = Yr+k + (ht+k\t - ht+k)

ae
1 _pa (Pt — Ptk + tp (Prok—1 — Pr—1))

(3.2)

=iy —

Price inflation equation can be derived by combining (3.1), (3.2) and the log-linearized

price index, p; = (1 — 0,)p; + Oppr—1 + OpLpmi—1:
P
= BE{mh 1 — ) b+ — Ap (W) — ") (3.3)

where 7' = p;—p;_1 is wage inflation, pf = p; —1; denotes the log average price markup

(1-0p)(1—B0p) _(1—a)
Op (1—ataep)

which is the same as negative real marginal cost, and A\, = > 0.

3.2.2 Household

Households are classified into two groups depending on the members’ skill level; high-
skilled household if its members supply labor in high-skilled labor sector, and low-skilled
household if its members supply labor in low-skilled labor sector. There are large num-
ber of identical households in each labor sector which are comprised of a continuum of
members for each labor market represented by the unit indexed by i € [0, 1]. i € [0,1]
indicates the type of labor service in which a given household member is specialized
in a given sector. All member of a given household are assumed to consume the same
level of goods and services independently of their employment status and skill level, so
it assumed full risk sharing within a household. Representative household maximize

household’s discounted lifetime utility (3.4) subject to budget constraint (4.2). While
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labor demand, th (1), are determined by the aggregation of firm’s labor demand deci-
sions and allocated uniformly across households, workers choose their optimal wages,
W/ (i). Therefore, both W (i) and Nj (i) are taken as given by each individual house-

hold. Each household’s discounted lifetime utility is given by:

10 . 1+¢p;
o0 o o0 j 1 ( N/ (4)
S AU N i) =3 8 (.ft_—a— / <1+30d for j € (H,L) (3.4)
t=0 t=0

where Ctj = C’tj - hég—1 where h is habit persistent parameter and C;_; is the aggregate
consumption at time ¢t — 1 of j sector. ¢! = (fol C’tj(z)ﬁdz) o and C/(z) is the
quantity consumed of good z of j-skilled household and N7 (i) € [0,1] is the fraction of
members specialized in type i labor in j € (H, L) sector who are employed in period t.5
The parameter ¢; denotes the inverse of the Frisch labor supply elasticity of workers
in j sector. Blanchard and Katz (1997) argue that since the wages of low- skilled
workers are close to their reservation wage (whereas the wages of high-skilled workers
is much higher than their reservation wage), high-skilled workers has much flatter labor
supply than low-skilled worker. Taking this point of view, I assume that parameter for
inverse of Frisch elasticity, g > ¢r, that is, high-skilled workers would have higher
marginal rate of substitution than low-skilled worker at the same level of employment.
Households budget constraint is given by:
1 Xj 1

/0 Pi(2)Cy(2)dz+ € Qi By + plog (1 + 55— Yz) B < Bt_1—|-/0 WH ()N (3)di + 11,
where P;(z) is the price of good z , Wt] (7) is the nominal wage for type 4 labor with
j € (H, L) skill, B; represents purchases of nominally riskless one-period discount bond
paying one monetary unit, Q); is the price of that bond, and II; is a lump-sum component

of income at time t. e is the risk premium in the return to bonds and is assumed to

®Optimal demand for each good resulting from utility maximization takes the familiar form:

Pt(z))(“%;») :

TR N vy
Ci(z) = ( P C; where P, = (fol Pi(2) *p,t) Pt denotes the price index for final
t
goods. Details for derivation in Appendix B.1.1
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follow AR(1) process:

by = ppbi—1 + abz—:lt’

where p, € (0,1), op > 0, and &/ ~ NID(0,1). T assume that bond-holding cost
is decreasing in relative average sectoral income to total income. The lower income
leads to a greater bond-holding cost taking into account that low income household
tends to hold less financial asset in which th is the average nominal income of j-skilled
households, s; is the relative income share of j-skilled households at the steady state,
and ¢ is the scale parameter of the bond-holding cost. The first order conditions for
the maximization problem subject to the budget constraint give the consumption Euler

equation:

X/ Con) P
bt t o t+1 t
e +olo 1+s—— | =BE, — —_— 3.5
Q¢ ¢g( Y%) 5t(0t> Pt (3.5)

3.2.3 'Wage Determination

Analogous to the good market, the labor markets are monopolistic competitive, and
wages are determined by Calvo pricing. I assume that the Calvo parameters are the
same, 0, = 0 = 0L following Barattieri et al. (2014). In addition, I assume that
high-skilled workers are not easily substituted by others relative to low-skilled workers;
el < ¢l Tt implies that the markup of high-skilled workers in wage setting is greater
than that of low-skilled workers, and it also makes sure that high-skilled wage is larger
than low-skilled wage on average (at the steady state). For each labor market, only
1—46,, fraction of workers can re-optimize their wage. When re-optimizing their wage in
period t, workers choose a wage W/* where again j € (H, L), in order to maximize their
households’ utility taking as given all aggregate variables, including the aggregate wage

1

index Wtj = ( fol Wtj @1761; di) 1< | The optimal wage setting rule for j-skilled workers

can be obtained from the maximization problem subject to the budget constraint and

the corresponding labor demand schedule which is determined by firms:

g . ~. \N—o [ WI* . .
k
S (80.)F B {Ngm (¢7.1) < e M{MRSf+k|t>} —0
k=0
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where N t]+k‘ , denotes the aggregate quantity demanded in period t+k of j-skilled work-
ers whose wage was last reset in period t. MRStJ+k|t = (C’g+k) <N15j+k|t> " is the

period t+k marginal rate of substitution between consumption and employment for a
j-skilled worker whose wage is reset in period t, and Mg (E 1+ )\Z;J7t) is the desired or
frictionless wage markup. The first order log approximation of this wage setting rule
around the zero inflation steady states gives the optimal wage equation as the markup

plus weighted average of future price-adjusted marginal rate of substitution:

oo
Z (80.)" Ey {wf* — Dotk + bw (Peak—1 — Pr—1) = Hylp — mrsi%‘t} =0 (3.6)
k=0

where u?j = log Mi ~ 1::% In /\Zm is log of desired wage markup. Defining the j-skilled
sector’s average marginal rate of substitution as M RS] = <C’g > (Nt] > ’, the marginal
rate of substitution of each individual in j-skilled sector can be written in terms of the

relationship between the average marginal rate of substitution and the relative wage:%

J _ J N 7
MTS e = TSy + P <nt+k\t "t+k> 37)

_ I s (w* —
=Mmrs;, , — €,p; (wt wHk)

Finally, combining (3.6), (4.7) and the log-linearized form of aggregate wage index’, I

obtain j-skilled wage Phillips curve as:®

w = BB { iy — ol } + wrly — w5 (] = ) (3.8)
where 7/ = w{ — wgfl is the j-skilled wage inflation, M = wg —pr— mrs{ denotes the
log average j-skilled wage markup, and x; = 1+g - > 0 where © = M_

wPj w

Swhere N = fol N7 (i)di is the sector aggregate employment rate
Twl = fuwi_y + (1 - 0u) wl®

8See the Appendix B.1.4 for the detailed derivation
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3.2.4 Unemployment

I define unemployment following Gali (2011). An individual will be willing to work in
period t if and only if real wage for his labor type exceeds his disutility of labor. Thus
the marginal j-skilled supplier of type ¢ labor, Lg (1), is given by

o= ()] (He)”

Define the aggregate labor force (or participation rate) as L{ = fol Li (7)di, then the

first order approximations gives the log-linearized estimate relation:
w] —p = oc] + jl]

The unemployment rate u; can be written as the log difference between the labor force

and employment:

J—1J J
u =1l —n

Noting that real wage is the markup over the marginal rate of substitution, M{ =

<w{ - pt) —mrs] = (wi - pt> - (Ucz + gojng + ft), the unemployment can be written

as:

pl = pjul (3.9)

Combining (3.8) with (4.10), I derived the j sector New Keynesian Wage Phillips Curve:
T = BE, {ﬂgﬂ - waf} + LT — Kjpj (ug — u?3> (3.10)

3.2.5 The Government

The government sets the nominal interest rates according to the Taylor rule:

(R 6

The variable R denotes the steady state gross nominal interest rate, pg is the smoothing

1-pr

exp (o Rsf)

parameter of monetary policy, 7 is the steady state inflation, which is assumed to be
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zero in this paper, and Y is the steady state output, and € ~ NZD(0,1) is the
monetary policy shock, and ¢t > 0 is the size of monetary policy shock. In addition, I
assume that the government collects the bond-holding cost from household of a given
sector and evenly distribute to the households and no government spending. Thus, the

government budget constraint is given by:

. XtH XtL
Bt_lzetQtBt+Tt+¢ ’leg 1+S—7Y —|—(1—’)’)10g 1+(1—S)—7Y Bt
t t

3.3 Aggregation and Equilibrium

I assume that the government can eliminate the wage markups by appropriate subsidies
(7) to guarantee that M’ (1 —79) =1 for j € (H, L), and MP(1 — 7P) = 1, and hence,
W = WH = W in the efficient steady state, then log-linearized wage index can be

written:?

wy = swi + (1 — s)wf

3.3.1 Resource Constraint and Euler Equation

Because of absence of investment and government spending in a closed economy, all
outputs produced by each firms are consumed. Therefore, market clearing condition
is yCH(2) + (1 — v)CF(2) = Cy(2) = Yi(z) for all z € [0,1], and hence, C; = ;.

Consumption Euler equation for j-skilled households is now log-linearized as:

R I L S L Y X O N L O S
e (RS AL = (v

(3.11)
th =7 (WWH)lin w,H + (1 —’Y) (WWL)17’0 th = W;gH th + W‘;ZL th = s’u)tH =+ (]_ — S)wa where

s is the relative high-skilled income share at the steady state.
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where X{ is the log of j-skilled income, and i;(= —g;) is nominal interest rate on risk-free

bond.'® The log-linearized resource constraint is:
yr = scfl + (1 —s)ct

3.3.2 Labor Market Equilibrium

Aggregate labor supply from all households must be equal to firm’s aggregate labor
demand for each labor market in equilibrium. Accordingly, the sector labor market

clearing conditions for sector j € (H, L) are following:!'!

. 1 1o ) i\ " ryNTe [ 1
N/ = / N/ zdz:/ / NI(i,2)didz =~;AIAP [ 2L <t> —
t . t( ) o Jo t( ) ViR A = A, Ai

, j

where w; = %. Note that AP, A and A" are measures for the price, the high skilled,
t

and the low skilled wage dispersion respectively, and those can be approximated to 1

up to first order.'? Log-linearization of the employment in each sector around steady

state can be written:

1
_af—at)—l—m(yt—at)—af

nfl = —n(1—s) ("

1
nf:ns(wf—aﬁ—at)—|—m(yt—at)—af

where wf? is the real wage gap (or premium) between average high-skilled wages and

low-skilled wages and af* = aff — al.

3.4 Bayesian Estimation

In this section, I estimate the model described above following the conventional Bayesian

estimation method for the DSGE model.

10 1 _ 1
Qi*Rt*Hit

11See Appendix A.4 for the details of derivation
AP ~ 1+ %( =2 ) (M> Var. {p:(2)}, AF ~ 1+ %Varz {wff(2)} and A} ~ 1+

l1—« l—«

L
%"Varz {th (z)} and details for second order log approximations are in Appendix B.1.2
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3.4.1 State space representation of the model

Since the optimality conditions obtained above are non-linear equations, the first step in
a typical Bayesian estimation of DSGE model is to linearize those equations to construct

a system of expectational stochastic difference equation as below:'?
Ei{F (Dit1, D¢, U1, Up)} =0

where D, is the vector of predetermined (state) variables and U; is a vector of non-

predetermined (control) variables that are defined as:

H L H L H _L H L H L 7/
Dy = [thl Gy Wit Wity Reon men mty mlyoar apoay by & Ape Ay Aw,t]
H L  H L  H L H _L !
By introducing expectation error terms, the solution of the model can be written as a

typical linear state space model:

Dy = ADy_1 + B¢

U, = CD,

where A, B, and C are matrices that are nonlinear functions of the structural param-

/
eters of the model, and (; = [sa,t 55{:5 65715 eb 5‘§ Ept 557,5 55}7,5 elt| is the vector of

structural innovations. Combining these two vectors and construct expanded state vec-

tor: S; = [U] D})’ Now, the state space representation of the model can be written
as:

St =FS; 1 +Q¢ ¢ ~ NID (0, Im) (312)

Y; =M+ HS; + De; g ~NID (O,In) (313)

13The system of linearized equations for present paper are in Appendix B.2
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where Y; denotes the vector of observables at time ¢; F and Q are function of the
matrices A, B, and C; M is a vector required to match the means of the observed data;
the matrix H relates the model’s definitions with the data; the number m and n is the

dimension of state vector and the vector of observables.

3.4.2 The Kalman filter and likelihood of the model

As the Kalman filter is known for optimal forecasts of state variables given an infor-
mation set of observed macro time series, the next step is to construct the likelihood
of the model using the Kalman filter. The likelihood function is obtained by Kalman
filter as follows:

Let Sg ~ N(So, PQ)
o SV~ N(Sth‘fla Pt|t—1) where St|t71 =FS;—1, and Py, = FP1F + QX.Q
o Yy|S;, YT ~ N (HS;, DE.D')

o VYV ~ N(Yﬂt—hpﬂt—l) where §{t\t—1 = Hgﬂt—lv and Fy,_; = HPy,_H' +
DYDY

e Joint distribution

Y Se—1 Py1  PpaQ

Yy Yt|t71 QPt/\t_l Fyi1

St

From the joint distribution, I get S;|Y;, Y!~!, then finally, then calculate likelihood

function L(Y;|©) with Bayes Theorem.

N

T o T
_mT 1
L(Y:0) = (2m) 2 (HF“1|> e$p{—2 g I/tFttll/é} (3.14)
t=1 t=1

where vy = Y; — Yﬂt,l = B(St — Syji—1) + wt-
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3.4.3 Estimation

I then need to set priors because the likelihood multiplied by the prior is proportional

to the posterior as in Bayes Theorem:
P (V") o« £ (YT|0) P (©)

where O is the vector of model parameters, and Y7 is the length T of sample data,
YT ={Yq, Yy, ---,Y,}. Finally, the posterior distribution of the model parameters in ©
is characterized using Random Walk Metropolis-Hasting Algorithm (RWMH). I obtain
3 chains of 3 million draws. To remove the effect of initial value of the parameters and
to make sure the convergence of RWMH, I burn-in 2,400,000 draws. The acceptance
rates are 24.58%, 24.61%, and 24.75%.

Prior Distribution

Analogous to Del Negro and Schorfheide (2008), T categorize the model parameters,
© into three groups; 1) A set of fixed or calibrated parameters that are problematic
for estimation, ©1; 2) A set of structural parameters on preference, technologies, and
market structure, O3 cndo; 3) A set of parameters associated with exogenous shock

processes, ©2 ¢;0. The elements of the vector of parameters are follows:

01=1[s A

/
62,endo = [U n YH YL € 65 65 ¢ (6% ep Hw lp LH UL PR ¢y ¢7r]

/
Osexo = [pa P 0L pv pe pp P pL np ma np 04 o oL oy 0¢ 0, ol oL o]

First, I take average high-skilled income share over the period of 1984Q1 ~ 2008Q3
for the high-skilled income share, s, and obtain the discount factor, 8, by assuming
4% steady state annual interest rate. For monopoly power in the good market, €,
and nominal rigidities, 6,, I just adopt standard values in the literature since those

parameters are hardly estimated in present model. Therefore, the calibration of ©
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results in

01 =[s B] =[0.52 0.99]

Table 3.4 summarizes the prior distributions and provides implied 95 percent proba-
bility intervals. Following Gali et al. (2011), I assumed the variances of the exoge-
nous shock processes to follow Uniform distribution rather than Inverse-Gamma. The
Inverse-Gamma distribution covers larger domain but is needed to put more weight on
a certain range that requires some information on the parameters. The prior distribu-
tion of the smoothing parameters (p., p;),and wage and price indexation parameters
(tp, th, and ¢1) are assumed to follow Beta distribution with 0.5 and 0.2 for mean and
standard deviation respectively which is a quite loose prior distribution reflecting my
uncertainty on those parameters. I also impose Beta distribution for the AR(1) coeffi-
cient and MA (1) coefficient with lower mean 0.4 and the smaller standard deviation 0.1
to avoid extreme values. I use Gamma distribution for demand (e and L) elasticities
to impose positive estimated values with a wide range. In addition, I draw priors from
Inverse-Gamma distribution for labor supply (¢g and ¢ ). However, the mean of those
parameters are somewhat smaller than the calibrated values in the previous chapter. I
made this adjustment because, in most of the trials with different prior means, poste-
rior means for those parameters fall into much smaller values than the calibrated one.
Since the relative size of those parameters are crucial to discuss aggregate dynamics,
I set somewhat loose prior for those parameters allowing the priors to be overlapped.
The prior on elasticity of substitution across sector (n) is drawn from the Normal dis-
tribution so that 95% intervals of this parameter is consistent with Mollick (2011)’s
suggestion. The scale parameter of bond-holding cost (¢) relies on the Normal distri-
bution with mean zero and standard deviation 0.01 implying that 95% draws from the
distribution falls in between —0.026 and 0.026. I follow the specification of Del Negro
and Schorfheide (2008) for monetary policy reaction coefficients (¢r, ¢y). The priors
on nominal price and wage stickiness is assumed to be Beta distribution with mean 0.7

and standard deviation 0.1 so that 90% of the draws fall in between 0.4 and 0.9 which
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implies average duration of prices and wages are from 5 month to 10 quarters. I im-
pose Normal distribution for the intertemporal elasticity parameter with mean 10 and

standard deviation 1 allowing to have relatively large values as in Guvenen (2006).'4

The Randon Walk Matropolis-Hasting (RWMH) algorithm

There is one more step to go because the posterior distribution mostly does not have
closed form. Therefore, I should get only empirical distribution for the posterior such as
MCMC algorithm. In doing this, I use Random Walk proposal density so called Random
Walk Metropolis-Hastings algorithm: Assuming there exists ergodic distribution for

P(O|Y,), we can use MH algorithm accepting the draws which gives higher likelihood

M

based on specific acceptance rate. The RWMH algorithm to draw a chain {@(i)}izl

from P(O©)is as follows:
Fori=1,--- M

1. Initialization: set i = 0 and initial O, Solve the model for O and com-
pute f(-,-[0©) and g(-,-|0®) in equation (3.12) and (3.13) respectively. Then

evaluate P(0)) and L(Y;|0©) from (3.14). Set i =i + 1.
2. Proposal draw: get a proposal draw ©0") = Q-1 4 ¢, where &; ~ N(0,3,).
e ). is a scaling matrix ; when acceptance rate is too high we can scale up it
by multiplying constant.
e A recommended optimal acceptance rate is around 23%

3. Solving the model: solve the model for ©¢") and compute f(-,-|©¢)) and g(-, -|©("))

from (3.12) and (3.13) respectively building new state space representation.

4. Evaluating the proposal: Evaluate p(©¢")) and L(Y;|©¢")) from (3.14)

L(Y:[0))p(0')
L(Y|©=D)p(06~1)
otherwise @) = @0~ _If § < M set i = i 4+ 1 and go to 2. Otherwise stop.

5. Accept/Reject: Draw p; ~ U(0,1). If p; < set () = @)

“Many researchers find that intertermporal elasticity of consumption for non-stockholders differs
widely from that of stockholders which is close to unity and Guvenen (2006) choose 10 so that workers
have substantially risk averse than the capitalist.
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1 .
Once I get the draws, I can approximate expected value of function h(©) by i Zf\i Lh(©0).

3.4.4 DATA

The data set for the labor market variables is obtained from the “Merged Outgoing
Rotation Group“ of the Current Population Survey which is available at National Bu-
reau of Economic Research!® over the period of [1984Q1, 2008Q3]. Although the data
is available from 1979Q1, I exclude the data prior to 1984Q1 to avoid a structural break
known as the Great Moderation. Researches on the Great Moderation point out that
the volatility of many macroeconomic variables sharply declines since 1984. In addition,
I exclude the data after 2008Q3 because the effective federal funds rate is considered

to hit the zero lower bound causing non-linearity in nominal interest rate.

CPS

The Current Population Survey (CPS) is a monthly survey of about 60,000 households.
An adult (non-institutional population) at each household is asked to report on the
activities of all other persons in the household. Each household entering the CPS
is administered 4 monthly interviews, then ignored for 8 months, then interviewed
again for 4 more months. If the occupants of a dwelling unit move, they are not
followed; rather the new occupants of the unit are interviewed. Merged Outgoing
Rotation Groups (MORG) is extracts of the Basic Monthly Data. Since 1979 only
households in months 4 and 8 have been asked their usual weekly earnings/usual weekly
hours. These are the outgoing rotation groups, and each year the BLS gathers all these
interviews together into a single Merged Outgoing Rotation Group File. This data set is
appropriate for the analysis in present paper since it includes about 50 variables selected
relate to employment. In particular, it includes weekly earnings, highest educational
attainment as well as their employment status.

First, I extracted relevant variables only: “Interview calendar month”, “highest

5More details of the DATA is available at http://www.nber.org/morg/docs/cpsx.pdf
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graded attended”, “employment status recodes last week”, “weekly earnings”, “Earn-

99

ings weight for all races”, “Final weight”, ”age”, and ”class of workers”. I summarize

the variables and the corresponding definitions in Table 3.1.

Variables ‘ Definition

intmonth Interview calendar Month
gradeat / grade92 Highest grade attended/ Highest completed degree
esr / 1fsr89 / lfsr94 | Employment status recode/ Labor force status recode

earnwke Earnings per week
earnwt Earning Weight
weight Final Weight
age age
class / class94 Class of workers

Table 3.1: Extracted Variables

Interview calendar month takes the values from 1 to 12 corresponding January to
December. For the highest grade attended variable, the value coded for education is
one more than the actual grade in the original BLS coding for 1979-1988, so 13 was
coded for a person who has at least started the senior year of high school. In 1989-1991
the actual grade is coded, without adding one. So that senior in high school is coded
as 12 in the later system. However, for the data set I used here, it is adjusted based on
the latter system. For the period from Jan. 1992 to Dec. 2007, I used “Highest grade
completed” (grade92); “What is the highest level of school ... has completed or highest
degree received? Rumor has it that a labor economist who estimated wage equations
for 1991 and 1992 without noticing the difference in the CPS education measure was

surprised only by the change in the constant term.

High and low skilled workers

To construct an appropriate data set, firstly, I classify total population into two groups
based on their education level: the high-skilled and the low-skilled. The criterion that
I used to make these subgroups is in Table 3.2; I consider the person who has at least
Bachelor’s degree as a high-skilled worker and otherwise the workers are defined as

low-skilled workers.
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Definition Bachelor’s Degree and above
Period High skilled ‘ Low skilled

1979 ~ 1991 | 16 < gradeat < 19 | 1 < gradeat < 15
1992 ~ 2007 | 43 < grade92 < 46 | 31 < grade92 < 42

Table 3.2: Ranges for high and low education levels

Employment Status

Once I categorize the population as above, I split each subgroup into the employed
workers and the unemployed. In doing this, I used “employment status recodes last
week” named as “esr” for the period of Jan. 79 ~ Dec. 88. This is later called the
Labor Force Status Recode (lfsr89 and 1fsr94). When NAs appears (no information on
the employment status), I abstracted those individuals from the data set. I gave the

details in Table 3.3.

Description | esr (79~89) | Ifsr89 (89~93) | 1fsr94 (94~07) || Status
Working 1 1 1 E
With a job not at work 2 2 2 E
Looking 3 3 4 U
Layoff - 4 3 U
Housework 4 - - NILF
School 5 - - NILF
Unable to work/Disabled 6 - 6 NILF
Working without pay - 5 - NILF
Unavailable for work - 6 - NILF
Other(Includes Retired) 7 7 5,7 NILF

Table 3.3: Employment Status Record

Unemployment

I used “Final weight” to calculate the Employment-Population Ratio (EPR), participa-
tion rates and the unemployment rates of each labor market which are corresponding
to the employment (), the labor force (L;) and the unemployment rate (u;) in the
model. The sum of the Final Weights (weight) in each monthly survey is the US non-
institutional population (Pop 16+). The outgoing rotation group includes one-fourth of

that population. So one single month MORG file is one-fourth the population 16 years
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of age and over, and a year of MORG would sum to 3 times that population. However,
my interest is on the ratio of the population, these facts do not have any effect on the
result. I obtained monthly unemployment rate by definition: ﬁUU; U and E is just
sum of the corresponding weight for each month and then take the average to obtain

quarterly data.

Real Wages

In constructing series of the real wage data, I filter out self-employed workers from
the data set by ”class of workers” (class / class94). I then define the nominal wage
as the logged weighted average weekly earnings of employed workers in each labor
sector using “earnings per week” (earnwke) and Earning weight (earnwt). Since sum
of earning weight is equal to the total population each month, I multiply “earnwke” by
“earnwt” and then divide it by the sum of the earning weight.'® I take the average of
three consecutive months to obtain quarterly data. Finally, I subtract logged Implicit
Price Deflator (GDPDEF) from the nominal wage series to get real wages. I use the
result for W/ and W/ as average real wage (earnings) of each sector. In doing this, I
used weekly earnings itself rather than hourly earnings which could be obtained from
weekly earnings/hours worked per week. This is because I focus on the labor market
adjustment only at the extensive margin. Again, I take the average of three consecutive

months to obtain quarterly wage series.

Inequality Measure

The employment (wage) gap is obtained by log difference between high-skilled em-
ployment (wage) and low-skilled employment (wage). The income gap is sum of the
employment gap and the wage gap.

Seasonal Adjustment

All of data obtained above are seasonally adjusted by X-12 equipped in Eviews.

YFor each sector j € {H,L}, I compute monthly weighted average weekly earnings: Wt] =
earnwke(i) X earnwt(i)
Zi >, earnwt(i)

where i is respondent index. I then take log
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Federal Reserve Economic Database

All the other data set is obtained from the FRED which is maintained by Federal
Reserve Bank at St. Louise over the same period as CPS data (Jan. 1984 ~ Sept. 2008).
I use real Gross Domestic Product per capita (A939RX0Q048SBEA) for “output”, and
the effective Federal Fund Rate (FEDFUNDS) for “nominal interest rate”. Inflation
rate is obtained as the percentage change of implicit price deflator (GDPDF). The
date is compiled as following order: output, high-skilled unemployment, low-skilled
unemployment, high-skilled employment, low-skilled employment, wage gap, inflation,

and the effective federal fund rate. All the series are HP-filtered.

3.4.5 Estimation Results

Table 3.4 reports the posterior distributions and the priors for the structural parameters
and the parameters associated with the exogenous shock process. In particular, I report
90% probability intervals as well as mean and standard deviation of the priors and 90%
of Highest Probability Density (HPD) Interval with posterior mean and mode. In
general, the data are informative on the parameters in that posterior distributions have
smaller standard error relative to the prior distribution with similar means.

Since the paper has intended to show that monetary policy has an effect on income
inequality via its effect on wage premium, the parameters of labor supply and demand
is crucial. The estimation result indicates that labor demand elasticity of low-skilled
workers is significantly larger than that of high-skilled workers in that posterior mean of
el (7.398) is greater than that of e (4.295) and 90% HPD is not even overlapped. The
posterior distributions confirm the greater labor supply elasticity of low-skilled workers
but the parameters are much smaller than the calibrated values; o € (0.4571,0.6387),
o1 € (0.3096,0.4359). This might be because heterogeneity in labor supply decision is
already captured by the bond-holding transaction cost depending relative income. As
noted earlier, the greater labor elasticities lead to a flatter wage Phillips curve, and,
in turn, more volatile unemployment rate and stable wages. In addition, this results

imply that about 30% wage markup and 15% wage markup for high-skilled workers and
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low-skilled workers respectively. However, the posterior mean of labor elasticity also
implies the greater natural unemployment rate for high-skilled workers mainly caused
by higher wage markup. The 90% HPD for the elasticity of substitution across sector,
n € (3.011,3.685), is consistent with the calibrated model in that greater than 1 but is
much larger than Mollick (2011). This result means that the wage premium has very
strong effect on the income inequality.

Most of the structural parameters are consistent with the calibrated model. The
posterior distribution also indicates quite sticky nominal wages in that 90% HPD of
0 € (0.596,0.867) with posterior mean 0.733, which is a little bit lower than Barattieri
et al. (2014). Nominal rigidity parameter for aggregate price, 6, € (0.545,0.903) with
mean 0.728 is very close to the calibrated value in the literature. In addition, the
results support Taylor principle as the posterior mean of ¢, is 1.917 and ¢, = 0.153 in
that nominal interest rate increase about 2 percent in response to 1 percent increase
in inflation. In addition, nominal interest rate is persistent in that the smoothing
parameter p; is in between 0.733 and 0.822.

On the other hand, there are some estimates of parameters that are substantially
different from the calibrated value as well. For instance, the posterior distribution
results show a little bit smaller consumption habit formation, p. € (0.117,0.312) in
contrast to Gali et al. (2011)’s result which supports substantial consumption habit
formation. This might imply that heterogeneity in consumption across households
account for aggregate consumption smoothing behavior. The intertemporal elasticity
of substitution, o € (9.083,12.111), is also much larger than unity which is very close
to the one for non-stockholders in Guvenen (2006). The HPD intervals of diminishing
return parameter, a € (0.043,0.131), is much smaller than the calibrated value, and it
is even lower than the estimated value (0.17) of Gali et al. (2011). This means that the
production function is almost linear in homogeneous labor input.

The AR(1) coefficients of the high-skilled productivity shock, the aggregate labor
supply shock and the risk premium shock are relatively persistent and those shocks
account for the most of the error variances of endogenous variables in the long-run. On

the other hand, AR(1) coefficient of aggregate productivity shock and price and wage
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markup shocks are relatively small. The estimated standard deviations of the aggregate
labor supply shock is very larger than other shocks.

Figure 3.5 shows the Bayesian impulse responses of 7 variables to monetary policy
shock; output, wage premium, price inflation, employment gap, unemployment gap,
consumption gap, and labor income gap. In response to a contractionary monetary
policy shock, IRFs are pretty much the same as the calibrated one; Output, wage
premium and price inflation and unemployment gap decrease while employment gap,
consumption gap and labor income gap rise. This result shows that a tight monetary
policy has a persistent effect on consumption and income inequality as in the literature,
and that inequality channel of monetary policy may have important role in aggregate
dynamics. In addition, it is interesting that consumption gap increases less than income
gap. This suggests that bond-holding cost function rather than limited asset market
participation can replicate the empirical findings on inequality. As I discuss in the
next chapter, the assumption that low-skilled workers are completely excluded from
the financial market induces much more volatile consumption inequality which is in

contrast with Gornemann et al. (2012) and Coibion et al. (2012)

3.6 Conclusion

The heterogeneity in labor supply and demand elasticity across sectors with segmented
labor markets causes a strategic complementarity in wage setting and thus leads to a
greater fluctuation in output, employment ratio and unemployment rates. In other
words, greater labor elasticity induces a flatter wage Phillips curve implying stickier
nominal wages. When workers from different sectors are substitutable, firms are will-
ing to hire relatively cheaper workers by substituting relatively expensive workers. In
response to a negative demand shock, this firm’s reaction affects relative marginal rate
of substitution between consumption and leisure, and hence, desired wages for workers
in opposite direction. Therefore, two sectoral wages will be adjusted in opposite direc-

tion after the initial impact of the shock. Consequently, the aggregate wage becomes
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stickier in a segmented labor market model than it would be in a single labor market
model. Therefore, in order for the mechanism I introduced in the previous chapter to
be effective, it is necessary to confirm the differences in the labor supply and demand
elasticities across sectors in a structural macroeconomic model. Even though empirical
microeconomic papers have already shown that those labor supply and demand elastic-
ities are decreasing in educational attainment, a few, if not no, papers has attempted to
estimate those parameters in a structural macroeconomic model. The contribution of
this paper to the literature is that the present paper provides the empirical evidence of
such heterogeneity in a New Keynesian framework, and show how it affects aggregate
dynamics in response to an economic shock.

I estimate the model introducing 9 structural shocks; aggregate productivity shock,
aggregate labor supply shock, aggregate price markup shock, two sectoral productiv-
ity shocks, two sectoral wage markup shocks, risk-premium shock, and the monetary
policy shock. In order to avoid singularity problem, which is common in a two-sector
DSGE model, I incorporate bond-holding cost as Schmitt-Grohé and Uribe (2003) sug-
gested. The estimation results confirm the result of the calibrated model and the model
replicates the stylized facts obtained from the empirical analysis; the procyclical wage
premium and income gaps across sector; the greater volatility of low-skilled employment
ratio and unemployment rate. The estimation results show that very weak consumption
habit formation, low decreasing return on effective labor, and more elastic substitution
between different skilled workers. Monetary policy reaction coefficients are consistent
with the estimates of the literature and supportive to the Taylor rule. The Bayesian
impulse responses show that the wage premium declines after a tight monetary policy.
The employment gap and unemployment gap moves counter-cyclically in response to

the contractionary monetary policy shock.
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Posterior Distribution

para. || prior | mean std.dev 5% 95% H Mean Mode 90%HPD
o N 10 1 7.4230 12.5802 || 10.6873 11.3363 | 9.0827 12.1112
i N 2.5 0.25 1.8562  3.1442 3.3365  3.0915 | 3.0107  3.6846
Yr G 1.5 1 0.4246  6.4080 0.5511  0.5534 | 0.4571  0.6387
YL g 1 0.7 0.2728  4.4417 0.374 0.3751 | 0.3096  0.4359
Ep N 10 1 7.4230  12.5802 9.8052 11.3528 | 8.6141 10.9463
55 r 4 1 2.8850  7.4160 4.2947  4.1765 | 2.6226  5.6935
65} r 7.5 1 5.1703 10.3322 || 7.3979  6.7953 6.016 8.622
o} N 0 0.01 -0.0257  0.0257 0.0064  0.0062 | -0.0087 0.0221
by r 0.2 0.1 0.1004  0.3253 0.1529  0.1863 | 0.0823 0.222
o r 2 0.25 0.5682  2.8287 1.9165 1.9809 | 1.6523  2.1655
@ N 0.3 0.1 0.2182  0.3813 0.0876  0.0967 | 0.0428 0.131
0, B 0.7 0.1 0.4183 0.9103 0.7275  0.7412 | 0.5453  0.9028
0w B 0.7 0.1 0.4183  0.9103 0.7316  0.7811 | 0.5961  0.8669
Lp B 0.5 0.2 0.1720  0.8323 0.7507  0.7004 | 0.5265 0.9694
LH B 0.5 0.2 0.1720  0.8323 0.9384 0.9073 | 0.8881  0.9929
Lr, B 0.5 0.2 0.1720 0.8323 0.1374  0.0849 | 0.0264  0.2408
Pi B 0.5 0.2 0.1720 0.8323 0.8049  0.8116 | 0.7607  0.8507
Pe B 0.5 0.2 0.1720  0.8323 0.2173  0.1652 | 0.1168 0.3123
Pa B 0.4 0.1 0.1652  0.6666 0.3628  0.3961 | 0.2639 0.4594
o B 0.4 0.1 0.1652  0.6666 0.921 0.9219 | 0.9199 0.9219
pf; B 0.4 0.1 0.1652  0.6666 0.1413 0.1935 | 0.0726  0.2064
Pup B 0.4 0.1 0.1652  0.6666 0.3173  0.4457 | 0.2001  0.4339
Pyt B 0.4 0.1 0.1652  0.6666 0.2937 0.288 0.19 0.4019
Pyt B 0.4 0.1 0.1652  0.6666 0.4164  0.4121 | 0.2965 0.5624
Pb B 0.4 0.1 0.1652  0.6666 0.7827  0.7982 | 0.7335 0.8328
Dz B 0.4 0.1 0.1652  0.6666 0.7542  0.7688 | 0.7019  0.8072
nP B 0.4 0.1 0.1652  0.6666 0.5112  0.7625 | 0.3955 0.6171
nt B 0.4 0.1 0.1652  0.6666 0.5873  0.5357 | 0.5323  0.6462
77L B 0.4 0.1 0.1652  0.6666 0.3132  0.2947 0.194 0.4294
Oq Uu ) 2.88 0.5081  9.5126 0.659 0.6472 | 0.5617  0.7553
Uf U ) 2.88 0.5081  9.5126 0.655 0.6714 | 0.5214  0.7863
05 u ) 2.88 0.5081  9.5126 0.614 0.6815 | 0.4998  0.7278
Oup U ) 2.88 0.5081  9.5126 0.2326  0.2342 | 0.1834  0.2838
ouH Uu ) 2.88 0.5081  9.5126 0.274 0.2516 | 0.2363  0.3111
oL Uu 5 2.88 0.5081  9.5126 0.1406  0.1364 0.111 0.17
oy u ) 2.88 0.5081  9.5126 1.548 1.412 1.0154  2.0616
o, u ) 2.88 0.5081  9.5126 5.3093  5.4431 | 4.3688  6.2529
oy u ) 2.88 0.5081  9.5126 0.1167  0.1153 | 0.1023  0.1306

Table 3.4: Prior and Posterior Distribution
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Bayesian Impulse Responses

x 107 inflation

-10
-15

]

30 40

15

10

10 20

x10* C.gap

e

30

10 20

x 1073 inflation

A

30 40

3.5
x 1072 output wage_premium
0
4
-0.01
2 -0.02
0 -0.03
-2 -0.04
10 20 30 10 20
Employment_gap Unemployment_gap
0.15 0
0.1 -0.1
0.05 -0.2
0
10 20 30 10 20
I_gap
0.1
0.05
0
10 20 30 40
(a) Bayesian IRFs to Productivity shock
output x 10 3wage_premium
0
0 \/
-0.02
-5
_004 _lo
10 20 30 40 10 20
Employment_gap Unemployment_gap
0.04
003 -0.1
-0.2
0.02 03
0.01 0.4
0 -0.5
10 20 30 40 10 20
I_gap
0.02
0.01
0
10 20 30 40

12
10

N b O ©

/

10 20

x10* C_gap

30

10 20

(b) Bayesian IRFs to Monetary policy shock



62

Chapter 4

Inequality and optimal monetary policy

“Because monetary policy is transmitted through many channels, direct and
indirect and because households differ in many respects (with regard to socio-
demographic factors, such as age and education, as well as economic vari-
ables, such as income, wealth, employment status and housing status) mon-
etary policy does not affect all households in the same way. ...t is not only
the extent of income and wealth shocks that affects consumers welfare, but
also the fluctuation in their consumption expenditure. All households are not
equal in this respect. Some of them are able to insure against wealth shocks
and can thus mitigate the adverse consequences of such shocks for their
well-being. But poorer households have limited or no access to the financial
system (let alone to financial markets) and do not have adequate buffers
in the form of precautionary savings. Consequently, their consumption and
welfare are particularly vulnerable to adverse shocks. Even if all households
were hit by negative shocks to the same extent, poorer, less-insured house-

holds would suffer from more volatile consumption and lower welfare.”

Benoit Coeuré in “What can monetary policy do about inequality?” Oct.

17. 2012

4.1 Introduction

Since the recent financial crisis, inequality has become a hotly debated issue once again
not only for economists but also for the public at large. Data indicate that earning in-

equality has grown rapidly over the past three decades and it tends to become even more
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pronounced in a recession.! This upward trending and counter-cyclical inequality has
already been recognized and studied by many economists. The empirical and theoreti-
cal literature have shown that inequality is a cause and a consequence of macroeconomic
volatility at the same time.?

In the present paper, I try to propose a new mechanism through which a monetary
policy influences aggregate dynamics via inequality variation in a context of optimal
monetary policy. Thus, the two objectives of this paper are to investigate the following:
1) how inequality variation affects aggregate dynamics and consequently social welfare;
and 2) whether such effect of inequality variation matters for optimal monetary policy
design.

Before constructing a model to meet those objectives, I consider some necessary
prerequisites to an appropriate model: the model should be able to account for, at
least, three salient features of data associated with income inequality:® The first is the
higher volatility in unemployment of less-educated (or lower income) households than
in high-educated (or higher income) households; The second is that, as Pourpourides
(2011) and Champagne and Kurmann (2013) note, wages for high-educated workers are
more volatile than those for less-educated workers, while employment is less volatile for
high-educated workers than less-educated workers;* The third is that a contractionary
monetary policy shock increases income and consumption inequality (Coibion et al.
(2012) and Gornemann et al. (2012)).

Obviously, a representative agent model or single labor market model cannot explain
such differentials in labor market variables and the dynamics of inequality. Therefore, in

an attempt to account for these stylized facts, I introduce heterogeneity into a standard

!See Krueger et al. (2010) and Heathcote et al. (2010)

2See Breen and Garcia-Penalosa (2005), Fitoussi and Saraceno (2010), Ghiglino and Venditti (2011),
Stiglitz (2012), Kumhof et al. (2013), and Dosi et al. (2013)

3Note that although income inequality itself arises from various income sources, the Consumer
Expenditure Survey (CEX) data shows labor income is the largest contributor to total income for most
households. Therefore, for the sake of simplicity, I focus only on employment and wages which consist
of labor income and derive some stylized facts on those variables from the literature.

4Similarly, Heathcote et al. (2010) finds that earning dynamics of households in the upper end of
the income distribution are driven by changes in wages while changes in hours play a central role in
the earning dynamics at the lower end of the income distribution.
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New Keynesian DSGE model used in Erceg et al. (2000) by assuming segmented labor
markets and the Limited Asset Market Participation (hereafter LAMP). These two
features of the model are well supported by empirical micro-evidences but also introduce
heterogeneity in a relatively simple and tractable way.

In the baseline model, there are two types of households, one supplying high-skilled
labor and the other supplying low-skilled labor. In the model, labor markets are seg-
mented for different skilled workers.® Even though I classify the households into high-
skilled and low-skilled, they are different only in regards to labor demand and supply
elasticities. I assume that the low-skilled workers are more substitutable than the high-
skilled workers in production, and hence, the demand for low-skilled workers is more
susceptible to a change in low-skilled wages. This assumption is consistent with em-
pirical findings in the literature such as Lichter et al. (2014a), in which the authors
show that there is a significant heterogeneity in labor demand elasticity and, in partic-
ular, labor demand for unskilled workers and workers with atypical contracts is more
responsive to wage rate changes.

I also introduce heterogeneity in the labor supply side by assuming LAMP following
Gali et al. (2007) and Furlanetto (2011). For the sake of simplicity and tractability, I
assume that the low-skilled households are also the households that have limited access
to the financial market. These households are therefore not able to smooth their con-
sumption through financial assets. Because of this restriction, their consumption and
labor supply are more susceptible to income changes. Intuitively, low-skilled workers
with a lower wage have to spend a greater fraction of their earnings on living costs. If
financial transactions require some cost or financial intermediaries require a high stan-
dard for their financial services, it is relatively more difficult to gain access to financial
markets for the low-skilled households. Therefore, low-skilled households’ labor supply
becomes more sensitive to changes in their wages. On the other hand, since high-skilled
workers with higher wages have better opportunities to access financial markets, high-

skilled workers have a much superior capacity to offset the fluctuation in their wages.

°T use high-skilled workers, Ricardian agents, and financially included agents inter-changeably.



65

Thus, their consumption and labor supply are relatively stable compared to low-skilled
workers.

These assumptions about labor markets structure enable the model to generate vari-
ations in income and consumption inequality across sectors after an economic shock and
to show how the variations in inequality magnify a macroeconomic volatility. In par-
ticular, the greater elasticity in both labor supply and demand for low-skilled workers
leads to a flatter low-skilled wage Phillips curve even if nominal rigidities are the same
across sectors.® The effectively stickier low-skilled wages, in turn, induce a more volatile
more volatile employment and unemployment rates for low-skilled workers. Further-
more, the difference in such real rigidities generates a variation in wage premium defined
as the gap between average high-skilled wages and average low-skilled wages, which,
in turn, brings about strategic complementarities in wage setting resulting in stickier
adjustment of aggregate nominal wages and greater fluctuation of real variables such
as output, employment and unemployment.” This is because changes in the wage pre-
mium force firms to substitute relatively cheap workers for expensive workers, and that
raises (lowers) marginal rates of substitution between consumption and labor and thus
wages for relatively cheap (expensive) workers. However, these two competing forces on
aggregate nominal wage are dominated by high-skilled wages because low-skilled wages
are effectively stickier than high-skilled wages. As a consequence, both high-skilled and
low-gkilled wages initially decrease after negative demand shock but high-skilled wages
bounce back somewhat in response to the fall in the wage premium whereas low-skilled
wages decrease further. Thus, aggregate wages cannot decrease as much as they do
under the single labor market model, which causes more volatile real variables. An
endogenous shift term in the aggregate wage Phillips curve captures this indirect effect

of shocks on the aggregate wage. In addition, given that the elasticity of substitution

5The greater elasticities of labor demand and supply for low-skilled workers imply that low-skilled
unemployment fluctuate more given a change in wages; conversely, low-skilled wages are relatively
stable given a change in unemployment. Thus, the slope of the wage Phillips curve that describes the
relationship between the wage inflation rate and unemployment rate becomes flatter as the elasticities
increase.

TA difference in the size of change in wages across sectors gives rise to sectoral wages mutually
reinforcing one another.
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across sectors is greater than 1, as found in the literature, a variation in the wage
premium results in more variation in employment gap between two different skilled
households, and hence, labor income inequality changes in the opposite direction of the
wage premium.

The paper then studies optimal monetary policy based on the Central Bank’s welfare
loss function which is obtained from the second order approximation to the weighted
average of households’ life-time utility function as in Bilbiie (2008). A Central Bank’s
target variables include consumption and income inequality as well as standard objec-
tives (price and wage inflation, and the output gap from its efficient level). Gali (2011)’s
specification of unemployment is adopted so that the output gap can be transformed
into unemployment. This specification helps to express the Central Bank’s loss func-
tion in terms of observable variables only. As is well-known in the literature, when an
economy features both price and wage stickiness, the Central Bank cannot achieve effi-
cient equilibrium and thus suffers from a substantive welfare loss. In this paper, I find
that inequality poses an additional policy trade-off with output gap after idiosyncratic
productivity shocks even with flexible wages. Accordingly, the first best allocation is
not attainable when sectoral productivity shocks hit the economy. In other words, in-
flation targeting is not an optimal policy even under the flexible wages in contrast to
Erceg et al. (2000). I therefore conclude a Central Bank may need to take into account
consumption and income inequality when constructing monetary policy.

Finally, I conduct counter-factual experiments in which the Central Bank sets its
optimal monetary policy as if the true economy is different from the baseline model. 1
consider three different scenarios: 1) the central bank recognizes sticky wages but not
segmented labor market; 2) the central bank recognizes segmented labor markets but
not sticky wages; and 3) the central bank recognizes neither sticky wages nor segmented
labor market. The results indicate that when the Central Bank ignores labor market
segmentation and, consequently, inequality, the welfare losses are significantly larger
than those of the baseline model, even if the Central Bank recognizes wage stickiness.

The remaining sections are organized as follows: In Section 4.2, I review the litera-

ture on the disproportionate effect of monetary policy and LAMP. Section 4.3 describes
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the model in detail and Section 4.4 gives equilibrium and market clearing conditions,
In Section 4.5, I define consumption and income inequality and discuss the aggregate
dynamics of the model. I conduct numerical simulations in Section 4.6 to show the dis-
proportionate effect of monetary policy and heterogeneity in labor market dynamics.
In Section 4.7, I contemplate an optimal monetary policy design that takes into account

inequality with a welfare analysis, and provide concluding remarks in Section 4.8.

4.2 Related Literature

As noted above, inequality has been mostly ignored in monetary policy design in spite
of its disproportionate effects of monetary policy. Rather, the literature has focused
on the relationship itself between monetary policy and inequality. In particular, Car-
penter and Rodgers III (2004) shows that a contractionary monetary policy lowers the
employment-population ratios of minorities and less-skilled households and raises their
unemployment rates. Breen and Garcia-Penalosa (2005) show that high volatility of
monetary policy has been shown to result in high-output volatility and assert that, as
a regression tax, higher inflation causes a greater inequality. Recently, Coibion et al.
(2012) have also studied the effects of monetary policy shock using micro-level data on
income and consumption, and found that contractionary monetary policy actions have
systematically increased inequality in the U.S. since 1980. Romer and Romer (1999)
also empirically analyzes the influence of monetary policy on inequality and show that
an expansionary monetary policy lowers inequality temporarily by boosting the econ-
omy. However, they also argue that higher inflation after the expansionary monetary
policy shock would lead to a tight monetary policy resulting in a rise in unemployment,
which would, in turn, offset the temporary positive effect on inequality.

The theoretical literature has focused on the relationship between inflation and
wealth distribution (and hence inequality) over the long-run. Among others Albanesi
(2007) demonstrates that inflation is positively related to income inequality due to the
relative vulnerability to inflation of low income households. Williamson (2008) ad-
dresses the monetary policy effect on an economy with segmented financial and goods

markets. He argues that contractionary monetary policy shocks reallocate wealth from
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those connected to the financial market toward the unconnected agents, and that, there-
fore, consumption and income inequality fall after the shocks. However, there are very
few papers in which the authors study the disproportionate effect of monetary policy
and inequality at a business cycle frequency. Dosi et al. (2013) discuss the relation-
ship between income inequality and monetary policy using an agent-based Keynesian
model. In particular, they find a non-linearity of monetary policy impact and argue that
a contractionary monetary policy lead a more “unequal” economies. Gornemann et al.
(2012) build a structural model in a New Keynesian framework with search and match-
ing friction and find that contractionary monetary policy shocks lead to a pronounced
increase in earnings, income, wealth, and consumption heterogeneity. However, even
though their model features a richer environment considering various income sources,
they do not discuss the effect of inequality on optimal monetary policy design.

In addition, Aghion et al. (1999) shows that unequal access to investment opportu-
nity leads to greater fluctuations in real variables and argues that counter-cyclical fiscal
policy is quite effective in stabilizing economy. Similarly, the LAMP framework has
been used mostly for analyzing the effect of fiscal policy on aggregate output. Among
others, Furlanetto (2011) extends the basic LAMP model by considering segmented
labor markets. He argues that a common wage and employment is suboptimal for both
Ricardian and Rule-of-Thumb agents. That is because their consumption behaviors are
different in response to an exogenous shock, which creates a variation in the relative
marginal rate of substitution between consumption and labor, and thus, a gap in the
desired wage across the sectors. Therefore, the common wage (and hours) assumption
is to exclude both agents from a mutually beneficial trade. In contrast, there are a
couple of papers that use LAMP to investigate optimal monetary policy; Ascari et al.
(2011) and Areosa and Areosa (2006). However, neither paper is able to model income
inequality and the dynamics of labor market variables due to their own assumptions:
the single labor market in the earlier paper and the Cobb-Douglas production function
with flexible wages in the later one. The LAMP framework with segmented labor mar-
ket and staggered wages allows me to discuss consumption and income inequality in

two ways: the effect of inequality on optimal monetary policy and monetary policy’s
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impact on inequality.

4.3 Model

There are two different types of skilled households with each type of household consist-
ing of a continuum of workers supplying labor to the corresponding skilled labor market.
Wages are set by representative unions for each type of workers in segmented markets.
There is a continuum of monopolistic competitive firms producing differentiated goods
and they determine the price given the wages and aggregate demand. In the benchmark
model, a Central Bank sets a nominal interest rate following a “Taylor-type” rule.

To simplify the model, I make three assumptions. The first is sectoral immobility;
Workers are prohibited from crossing from the low-skilled labor market to the high-
skilled labor market and vice versa. The second is a constant population share of a
sector. Thus the relative size of each labor sector remains constant over time. Third, I
also assume that there is only one good producing sector in which a monopolistic firm
hires both high-skilled and low-skilled workers and both skilled workers are aggregated

into one homogeneous effective labor input and used to produce differentiated goods.

4.3.1 Household

I assume that there are two levels of skill, 7 € {H, L}, by which the households are
categorized as high skilled or low skilled households. For j-skilled households, there are
a large number of identical households which are comprised of a continuum of members
represented by the unit indexed by i € [0,1]. The index ¢ € [0,1] indicates the type
of labor service in which a given household member is specialized in a sector. I also
assume that a constant fraction, s, of the total population are high-skilled workers and
1 — s fraction of population are the low-skilled workers in every period. These two
types of households are heterogeneous in two dimensions: first, low-skilled workers are
more substitutable than high-skilled workers so that the labor elasticity of substitution
between the low-skilled workers is greater than that between the high-skilled workers.

In other words, demand for the low-skilled workers is more responsive to changes in
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wage; second, low-skilled workers are limited in their access to financial markets so that
they cannot smooth their consumption using financial assets. That is, they use up all
the disposable income in every period.

Representative households of j-skilled households maximize their discounted life-
time utility (4.1) subject to budget constraint (4.2) for j € {H,L}. While labor de-
mand, Nij (), is determined by the aggregation of firm’s labor demand decisions and
allocated uniformly across j-skilled households, workers choose their optimal wages,
Wtj (7). Therefore, both Wtj (1) and th (1) are taken as given by each household. Each

household’s discounted lifetime utility in j sector is given by:

N . 14
iﬂt (CJ,Nj (i Zﬁt (7j) —x /1 7<Nt](1)) di (4.1)
=0 " l-o “Jo L+
where the variable x; is a aggregate labor supply shock following AR(1) process in
log (logx = £), & = pele—1 + 65, and 5§ ~ N(O,Jg). The parameter o is the inverse
of intertemporal elasticity of substitution, and the parameter ¢ denotes the inverse of
the Frisch labor supply elasticity of workers which is common for all types of workers.

Aggregate consumption of a representative household with j-skill is given by

_p_
1 . ep—1 ep—1
= (/ Cl(z) «» dz)
0

where C’g (2) is the quantity consumed of good z by a j-skilled household, ¢, is the
clasticity of substitution between two differentiated goods, and Nj (i) for i € [0,1] is
the fraction of members specialized in type ¢ labor in each j-skilled household who
are employed in period t® and the parameter gp is the elasticity of substitution over

differentiated goods. The high-skilled households budget constraint is given by:

/Pt 2)dz + QB < By 1+/ WH (@) NH (i)di + 11 (4.2)

NZ Popf NH N
t_ Lob t 7 =S L + - Therefore,

. Pop; Pop; Pop; Pop;

N/ where j € {H, L} can be interpreted as Employment to Population Ratio and participation rate

respectively as explained in later.

8when all variables are measured in per capita term,
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where Pj(z) is the price of good z W/ (i) is the nominal wage for type i high-skilled
labor, B; represents purchases of nominally riskless one-period discount bonds paying
one monetary unit, @J; is the price of that bond, and II; is a lump-sum component of
income at time ¢.

The first order conditions for the maximization problem subject to the budget con-

straint give the high-skilled consumption Euler equation:

_ chy ey
Qt = BE; < it Py (4.3)

Low-skilled households have the same utility function as high-skilled households,
(4.1), but they do not face an intertemporal consumption decision because they are
not able to hold bond in this simple model. Rather, they consume all the disposable

income in each period:

1 1
/ Pi(2)CL(2)dz = / WEGNEG)di (4.4)
0 0

In addition, optimal demand for each good resulting from utility maximization takes

ca - (B2) e

the familiar form:

1

for j€ {H, L} where P, = (fol Pt(z)lfﬁpdz> "= denotes the price index for final goods.

4.3.2 Wage Determination

The labor markets are monopolistically competitive, and wages are determined by the
representative unions. Nominal rigidities in wages are introduced through Calvo (1983)
pricing; For each labor market, only 1 — 6,, fraction of workers can re-optimize their
wage. When re-optimizing their wage in period ¢, workers choose a wage W7*, where

again j € {H, L}, in order to maximize their households’ utility taking all aggregate
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variables including the aggregate wage index as given.? I assume that the Calvo pa-
rameters are the same, 0, = 01 = 0L following Barattieri et al. (2014). In addition,

I assume that high-skilled workers are not easily substituted by others relative to low-

H
w

skilled workers; €l < 55. This assumption implies that the markup of high-skilled
workers in wage setting is greater than that of low-skilled workers, and it also assure
that the high-skilled wage is larger than the low-skilled wage on average for a given
Frisch elasticity. As will be explained in section 4.3.4, these two elasticities are closely
related to divergent unemployment rates. The optimal wage setting rule for j-skilled

workers for j € {H, L} can be obtained from the maximization problem subject to the

budget constraint and the corresponding labor demand schedule determined by firms:

e . . —0 W]* . .
k
Z (B0w)" Bt {NtJJrkt <Ctj+k) <P o M{MRS?_M,“) } =0 (4.5)
k=0 t+k
where N g+ it denotes the aggregate quantity demanded in period t+ k of j-skilled work-

. . o . ©
ers whose wage was last reset in period t. Here, MRS§+k|t =y (Cg+k) (Nt]—l—k|t) is
the period t 4+ k& marginal rate of substitution between consumption and labor for a

high-skilled worker whose wage is reset in period ¢, and 5ZU¢ is the elasticity of substitu-

J o
Ew,t

, j
tion between two different types of workers in j sector, M <E “wt 1) is the desired or
frictionless wage markup and ,ufj = log /\/lg The first order log approximation of (4.5)

around the zero inflation steady states gives the optimal wage equation as following;:

o0
> (802) B {wl” = pik = iyl — mrs],y, } =0 (4.6)
k=0

. N L%
Defining the j-skilled sector’s average marginal rate of substitution as M RS/ = y; (C’g ) (Nt] ) ,
the marginal rate of substitution of each individual in the sector can be written in terms

of the relationship between the average marginal rate of substitution and the relative

1

9 Aggregate wage for j-skilled workers is given by W/ = ( fol W/ (i)lféqju di) 1-<ly and aggregate

1
nominal wage is defined as W; = (’yH (WtH)lfn +L (WtL)lfn) e
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wage. 1°

J _ J J .
TSy e = TSy + P (”t+k\t nt+k>

=mrs),; — €, (wg* — wi—i—k) (4.7)

Finally, combining (4.6), (4.7) and the log-linearized form of the aggregate wage index,

I obtain the j-skilled wage Phillips curve as:!!

wl = BB mlnf =kl (1] = 1) (4.8)
where 7/ = wg — wzfl is the j-skilled wage inflation, ,u?j is the wage markup shock

of j-skilled workers, and u{ = w{ -y — mrs{ denotes the log average j-skilled wage

markup and Ky = —2— > (0 where © = (1=00)(A=F0w) -, () 12
1+el, Ow

4.3.3 Firms and Price Determination

Monopolistically competitive firms hire workers from both labor markets and then
aggregate these workers with CES technology into homogeneous effective labor input.
Each firm produces a differentiated good z € [0, 1] using a production function which

is given by:

Yi(z) = AcHy(2)

n
n—1 1 n=11%=1

where Hi(z) = [71%1 (NtH(Z)) T+ (NtL(Z)) K

j -
sw,t71 J o _q

, 1 .
and Nj(z) = / N} (i, z) ot d
0

where Hy(z) is the homogeneous effective labor input of firm z obtained by labor ag-

gregation technology; 7 is elasticity of substitution between high-skilled (N/(z)) and

YOwhere th = fol th (#)di is the sector j aggregate employment rate.
Nl = 0,wl | + (1 — 0,) wi™.

12See Gali (2011) for the detailed derivation.
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low-skilled labor (N[ (z)); 7; is a parameter governing the relative income share of j-
skilled of labor; 5{0,1& is the labor elasticity of substitution with in the corresponding
sector j € {L, H} as I mentioned above. The variable A; is an exogenous technology

process which is assumed that a; = log A; and a; = pgai—1 + £f where p, € (0,1) and

2

a*

a

e¢ is a white noise process with a zero mean and variance o;. The firm’s cost mini-

mization problem, taking wages and aggregate demand as given, implies the following

set of labor demand schedules:

N} N
Ni(i,z) = <WI/§/(JZ)> Nj(z) and N/(z) = v <VVtJ> Hy(z) where je{L,H}

for all 4 € [0,1] and for all z € [0,1].'® T introduce nominal rigidities in price through
the Calvo (1983) pricing. Firms’ profit maximization problem subject to the sequence
P*

L >_8p Ciyg, for k=0,1,2,... leads to the

of demand schedule constraint Yt+k|t = (m

optimality condition for the firm:

o0
Z Oy Ee { QuiekYesnpe (BF = MPUy ) } =0
k=0

where Y;, 1, denotes output at time ¢ + k of a firm that last reset its price in period ¢,

—o
Qti+k = g (Cé—:k) Pit-k is the relevant stochastic discount factor for nominal payoffs

in period t +k, Uy = ‘Xtt:k is the nominal marginal cost in period t + k of producing

k

quantity Y g, and MP = E:—ﬁl is the desired or frictionless price markup over the
marginal cost. Log-linearization of the optimality condition around the zero inflation

steady state yields
Z (ﬁep)k Ey {p;:k - ¢t+k|t} =0

k=0

Note that lower case variables denote the log-deviation of the variables from the steady
state. The price inflation equation can be derived using the log-linearized price index,
pr= (1= 0p)pf + Oppt—1:

= BEn}, 1} 4 kpmey (4.9)

13Log-linearized employment rate of i-type of j-skilled labor is given by ng (1) = —&l, (wf (1) — wg) +n{

and average j-skilled employment rate is given by ni =-n (w{ - wt) + Yy — ar
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where 77 = p; — p;—1 is wage inflation, mc; denotes average real marginal cost, mc; =

wr —a (= W), and Ky = %j*ﬁap) > 0.

4.3.4 Unemployment

I define sectoral unemployment rates following Gali (2011). An individual will be willing
to work in period ¢ if and only if the real wage for his labor type exceeds his disutility
of labor. Thus the marginal j-skilled supplier of type i labor, L{(i), is given by
W (i NT [\
2 (@) ()
t
Define the aggregate labor force (or participation rate) as L{ = fol L{ (i)di, then the

first order approximations gives the log-linearized estimate relation:
w] —pr = oc] + olf +&

The unemployment rate ug can be written as the log difference between the labor force

and employment:'4

J—1qJ J
u =1l —n

Noting that real wage is the markup over the marginal rate of substitution, u{ =
(wg —pt) — mrs] = (wf —pt> - (acg + cpnz + ft), the unemployment rate can be
written as:

il = pul (4.10)

Therefore, as Gali (2011) noted, (4.10) implies that unemployment fluctuations are a
consequence of variations in the wage markup. Finally, combining (4.8) with (4.10), I

derived the sectoral New Keynesian wage Phillips Curve:

Trg = BE; {ﬂ'gﬂ} — Kjp (ug — u?j> (4.11)

Myl =1 - IZ—E = —u] = log(l —u]) = n] —IJ. Note, in efficient steady state, all labor force

has to be hired (I = n, that is, u = 0); and government subsidies impose symmetric labor market
(7 =1" =nf =nh).
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The slope becomes flatter as labor demand elasticity increases. Therefore, high-skilled
workers face a steeper wage Phillips curve, and accordingly, high-skilled nominal wages
are more volatile than low-skilled nominal wages in response to unemployment fluctu-
ation. Conversely, low-skilled unemployment is more volatile given changes in wage,
which is consistent with the empirical findings shown in Pourpourides (2011) and Cham-

pagne and Kurmann (2013).

4.3.5 Government

The government budget constraint is:

PG+ Bi1 =QiBi + T

where T; is the lump-sum tax from high-skilled household after subsidies which are used
to eliminate desired markups on price and wages. I assume that government spending,

G4, is zero at any period.

4.4 Equilibrium and Market Clearing

4.4.1 Steady States

I consider the zero inflation efficient steady states. I assume that government can
eliminate markups in both goods and labor markets by giving appropriate subsidies.?
I also assume that the government does not issue government bonds in the steady
states. This guarantees that the wages and the consumptions are the same for any type

of workers in the steady states.'® Note that aggregate consumption is now given by

Cy = sC + (1 —s)CF

5That is M? (1 — Tj) =1 for j€ {P, H, L} where 77 is the subsidies for j market.

3 . . . . . . H H L L
161 0g-linearization of aggregate wage index is given by w; = ng wi + ng wl = swl +

(1- s)th Since steady state wages are the same, the relative labor income of each sector equals its
population share. In addition, given the same wages with zero bond-holding, all the workers enjoy the
same level of consumption.
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and log-linearized as ¢; = scff + (1 — s)cF. Thus, in the steady state, I obtain
cl=cl=C=y=H=N"=N"

4.4.2 Labor Market Equilibrium

Since the labor markets are segmented, aggregate j-skilled labor supply must be equal
to the firm’s aggregate labor demand for j-skilled labor in equilibrium for j € {H, L}.

Accordingly, the j-skilled labor market clearing conditions are the following:

wi\ 'y,
/NJ dz-/ / N (i, 2)didz —’yjA]AP<Wt> A

Note that A, Aff and A’ are measures for the price, high skilled, and low skilled
wage dispersion respectively, and can be approximated to 1 up to the first order.”

Log-linearization of the employment in each sector around steady state can be written:

ﬁZﬂﬂ#—wyﬂm—w (4.12)

Note that the sectoral employment rates are affected by not only aggregate demand
but also by the relative wage, and thus, the wage premium. This is important because
the effect of a variation in the wage premium affects sectoral employments in opposite
way, and therefore, generates differentials in employment rates across sectors. For
instance, although both employment rates decrease initially in response to a positive
technology shock, high-skilled employment decreases less than low-skilled employment
due to the decrease in wage premium; the greater elasticity of substitution between
low-skilled workers than between high-skilled workers induces more volatile low-skilled
employment and effectively stickier wages for low-skilled workers, and thus, the shock
results in a decline in the wage premium. Moreover, when the two different skilled

workers are highly substitutable, a change in the wage premium leads to a greater

AP = fol (PtT(f))iap dz ~ 1+ EVar. {p(2)}, A] = fo <W (0 ) Cdix + %Vari {w] (i)} for

WJ
j € {H, L} Details for the second order log approximations see Gali (2011).
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gap between sectoral employment rates. Therefore, aggregate productivity shock that

lowers the wage premium causes greater inequality.

4.4.3 Resource Constraint and Consumption Euler Equation

Because of the absence of investment and government spending in a closed economy, all
outputs produced by each firms are consumed. Therefore, the market clearing condition
is Cy(z) = Yi(z) for all z € [0,1], and hence, C; = Y;. From (4.3), the log-linearized

high-skilled consumption Euler equation is given by:
H gLy P
¢, = Eicyyy — . {ir — Byl 1} (4.13)

where (= —gq;) is the nominal interest rate on a risk-free bond.'® and low-skilled

consumption is just equal to low-skilled worker’s labor income:

ek =wl +nf (4.14)

where w/ is the average real wage for the low-skilled workers. Noting that ¢/ =

L
%, good market clearing condition, and (4.12), I derive aggregate consumption

Euler equation as:

Ct = EtCt+1 — g {Zt — Etﬂf+1} — (1 — S) {AEtCtLJrl}
1-—s

L.
Yt = Etyt+1 — E {Zt — Etﬂf+1} — {(1 — T]S) AEtthJrl + T]SAEtthil — AEtCLH_l}

(4.15)
4.5 Inequality and aggregate dynamics

When an economy is efficient, the wages are determined at the level at which the
marginal rate of substitution equals the marginal product of labor in any given period.

Using this condition, I obtained the efficient level of output and the interest rate that

18 1 1
Qt—Rt_1+it'
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makes output gap equal to zero in equilibrium.'® I now define a variable )N(t =X;— XF

as the difference from its efficient level.

4.5.1 Consumption and Income Inequality

In this subsection, I study the relationship between inequality and wages. I measure
the consumption inequality by the Gini coefficient. The households are divided into two
skilled groups and I assumed perfect risk sharing within a household. As all the members
of a household therefore enjoy the same level of consumption, the economy has only two
types of consumption level and so the Gini coefficient is given by Gf = (1—s) {1 — %tf}

and is approximated as:2°
Gim—(1=5)(cf—cr) =—(1—s) (@ + (n—1)sf) (4.16)

Similarly, I define labor income inequality by the Gini coefficient, G/ = (1—s) (1 — %L)

where X} is the economy’s average labor income or total payment of the economy.?!
Gl ~ (1) (RF = X) = =s(1 = 5)(n - D (4.17)

If the production function is Cobb-Douglas, that is n = 1, the relative income share
is constant and hence income inequality is fixed over time. If two different skilled
workers are close to complementary inputs (1 < 1), then income inequality moves along
with wage premium because relative employment does not change as much as wage
premium. However, if two inputs are highly substitutable (n > 1), relative employment
variation dominates a change in wage premium, and hence, income inequality moves
in the opposite direction of the wage premium. Moreover, the greater n implies the

stronger effect of wage premium on income inequality.??

19See Appendix C.1 for the details.

el i =wf4nl—y = oNJtL—i-at—FatL—i—(nsoNJtR—Fyt —ay —af) — e = OF + sl = o+ (n—1)s@f.

21Gee Appendix ?? for details.

22In an extreme case in which 7 = 0, production function becomes Leontief production function, that
is two different skilled workers are perfect complements, income inequality only depends on the wage
premium. In other extreme case in which 1 = oo, the two different workers are perfect substitute, and
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4.5.2 IS Curve

Combining (4.15) and (4.16), I derive the economy’s IS curve as

1 .. 1
Tt = Et$t+1 — g {Y,t - Etﬂ-thrl - Tfj} + gAgf+1 (418)

1+

where yF = oo

as — ﬁ&, v =1y —yF,and rf = O'AytE_H. The IS curve differs from
that of standard LAMP model due to the extra term associated with consumption
inequality, which comes from the imperfect risk-sharing across households.??> When all
the agents are not financially excluded, that is when s = 1, the IS curve becomes the
one that is in a standard NK model. Since labor markets are segmented and households
do not perfectly share the risk (the labor income shock), consumption responses are
different after a real interest rate change. As will be explained later, low-skilled workers
who are prohibited from holding bonds only respond to their labor income change rather
than an interest rate change. Therefore, the impact of monetary policy on output is

weakened by the presence of Non-Ricardian households.?* The last term captures this

channel.

4.5.3 Wage Phillips Curves

Note that wage markups can be expressed as the difference between the real wage and
the marginal rate of substitution. Solving for markups in terms of wages, 1 obtain
the aggregate wage Phillips curve which is a convex combination of two sectoral wage
Phillips curves® as in (C.8). In doing this, I assume log utility function, o = 1,
to simplify the equation, which allows me to focus only on the relationship between

inequality and the macroeconomic volatility. The aggregate wage Phillips curve is then

even a very tiny deviation of the wage premium from its efficient level makes one sector takes all.

231t is actually very similar to Ascari et al. (2011) but the extra term is now associated with con-
sumption inequality rather than a real wage gap.

24Tn present paper, I mean low skilled workers (households) by both financially excluded agents and
Non-Ricardian agents.

25See the Appendix C.3 for details.
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given by:
7 = BEm k(1 + @) 2 — KHG 4+ TG + ¢ (4.19)
where T = @n(nlj-{p) {H;g@ — 1+;£@} and ¢ is the composition of wage markup

shocks.?0 Since the (absolute) slope of the curve is decreasing in labor demand elasticity,
it can clearly be seen that the slope will be steeper as the population share of high-skilled
workers increases. The aggregate wage Phillips curve differs from the standard one due
to the presence of the endogenous shift term related to the wage-premium, and hence
income inequality. This endogenous shift term brings about more sluggish aggregate
nominal wage, and thus, more volatile macroeconomic variables. For instance, suppose
that when an economy is hit by a negative demand shock, then output decreases and
unemployment rates increase, thereby pushing the nominal wage to fall. However, the
high-skilled nominal wage falls more than the low-skilled nominal wage because the
latter is effectively stickier. This causes a decrease in the wage-premium and strategic
complementarities in wage setting. Once the wage premium decreases, firms start to
substitute high-skilled workers for low-skilled workers that raises high-skilled employ-
ment and lowers low-skilled employment, which, in turn, causes a higher marginal rate
of substitution between consumption and labor of high-skilled workers and lower that
of low-skilled workers. As a result, high-skilled wages bounce back while low-skilled
wages decrease further. Thus, the strategic complementarities dampen the decrease in
high-skilled wages and amplify the decrease in low-skilled wages.?” However, since the
magnitude of high-skilled wages adjustment is greater than that of low-skilled wages,
the aggregate wage is influenced by the changes in high-skilled wages. Therefore, the
net effect of the cross-sector income effect is to generate slower aggregate wage adjust-
ments. On the other hand, if the elasticity of substitution across sectors is sufficiently

high, n > 1, income inequality widens because a change in employment gap is larger

26 — H nH L nL
€ = sk + (1 — s)rygut”.

2"Lee (2011) builds a NK model based on firm specific labors and heterogeneity in firms’ price setting
frequency and discusses the aggregate effect of the heterogeneity. He argues that heterogeneity in price
rigidities across sectors creates cross-sector income effect and hence strategic complementarities. As a
result, the aggregate Phillips curve has endogenous shift terms arising from the heterogeneity and this
term causes stickier aggregate price adjustment than the homogeneous model due to changes in relative
price in response to aggregate shocks.
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than that of the wage premium. Similarly, in response to a positive technology shock,
unemployment rates increase (due to the more efficient labor aggregation technology)
putting downward pressure on nominal wages. Again, high-skilled wages decrease more
than those of low-skilled workers, thereby reducing the wage premium. Note that when

' — ¢L — ¢, the aggregate wage Phillips curve coincides with Gali (2011) in which

€
neither wage premium nor income inequality has a significant role in aggregate wage dy-
namics. Therefore, inequality does not require any policy intervention when all workers

face the same labor market condition even if the markets are segmented.

4.6 Quantitative Analysis

To complete the model, I additionally define equations for the wage dynamics as:

~L _ ~L L__»p E
Wy =wi g + 1 = — Awy

H _ ~H H _ _p E
Wy =w g T —m— Aw

@ = sl + (1 — s)ak (4.20)

where wf = a¢. In addition, for the benchmark model, I assume the Central Bank sets

a nominal interest rate following a Taylor rule type of monetary policy responding to
inflation and output gap.

i = PnTy + Qpy + 1y (4.21)

where 14 is a monetary policy shock following AR(1) process, vy = pyvi—1 + €/ and

el ~N(0,07).

4.6.1 Calibration

I set discount factor 8 to 0.99 for a 4% annual nominal interest rate. I assume relative
risk averse agents by setting intertemporal elasticity of consumption parameter, o, to
2. I compute the historical average high-skilled labor income share, s, from CPS data
to be around 0.53. The price rigidity parameter, 6, is set to 0.75 which implies that

the average duration of price is one year. I adopt the wage rigidity parameter from
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Barattieri et al. (2014). Their estimate for the parameter is 0.822 implying that only
17.8% of hourly workers experienced a wage change in a quarter. Moreover, as they find
little evidence of heterogeneity in wage adjustment frequency across the sectors, I set
the same Calvo parameter for both labor markets. Elasticity of substitution between
differentiated goods (¢,) and labor parameters (¢2 and L) are set to, 9, 3.8, and 6.2
implying 12.5%, 36% and 19% markups, respectively. This imply that the average (or
aggregate) wage markup is about 25% which is the value estimated by 7. I adopt the
value for the elasticity of substitution between different skilled workers (7) from ? who
estimate the elasticity of labor substitution across education levels and argues that the
plausible value varies over 2.00 to 3.21.%% The inverse of Frisch elasticity is set to 5 to
be consistent with 5% average unemployment (natural rate of unemployment). Finally,

following Christiano et al. (2010), the standard deviation of technology shock, labor

supply shock, and monetary policy are set to 0.62, 0.24, and 0.13 respectively.

Table 4.1: Baseline Calibration

Parameter Description Value
15} Discount factor 0.99
o Intertemporal elasticity of consumption 2
S High-skilled income share 0.53
0, Calvo parameter for price adjustment 0.75
O Calvo parameter for wage adjustment 0.822
Ep Elasticity of substitution between differentiated goods 9
n Elasticity of substitution between different skilled workers 2.43
el Elasticity of substitution between high-skilled workers 3.8
ek Elasticity of substitution between low-skilled workers 6.2
%) Inverse of the Frisch labor supply elasticity 5
On Inflation reaction coefficient of monetary policy 1.5
Dy output gap reaction coefficient of monetary policy 0.2
Oq Standard deviation of aggregate technology shock 0.62
o¢ Standard deviation of labor supply shock 0.24
oy Standard deviation of monetary policy shock 0.13

28Previous studies in the literature such as Katz and Murphy (1992) and Krusell et al. (2000b)
estimate elasticity of substitution between skilled workers and unskilled workers as 1.67 and 1.41 re-
spectively. The estimates are somewhat lower than ?’s estimate but still greater than 1.
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4.6.2 Dynamic Responses
Monetary policy shock

Figure 4.1 shows the dynamic responses of sectoral variables and inequality measures to
an increase in nominal interest rate by one standard deviation. This rise in the interest
rate initially lowers only high-skilled consumption because low-skilled consumption is
not affected by nominal interest rate but by their labor income. The decline in high-
skilled consumption induces weaker aggregate demand (and thus lower output gap) as
well as lower demand for both high-skilled and low-skilled labor. Consequently, the
shock reduces employment and raises unemployment rates pushing aggregate nominal
wage down. Real wages decline as well even though price inflation moves procycli-
cally. ”Talyor type” rule of monetary policy responds to this disinflation (and drop
in output gap) lowering nominal interest rate. Therefore, the real interest rate de-
clines thereafter, and high-skilled consumption is recovered gradually. On the other
hand, low-skilled consumption fall as well because of drop in both employment and real
wages. Labor force participation rates rise due to the negative wealth effect, and thus,
unemployment rates rise more than the decrease in employment to population ratio.
However, about two third of the increases in unemployment can be attributed to the
decrease in employment which is in line with Erceg and Levin (2013)’s findings that un-
employment rates mostly influenced by employment-to-population ratio as labor force
participation rate is acyclical.

The monetary policy shock also has a disproportionate effect on labor market vari-
ables. Note that when nominal wages are under downward pressure, high-skilled wages
drop more because of low-skilled wages are stickier than high-skilled wages due the
greater labor demand elasticity. In other words, since the high-skilled wage Phillips
curve is steeper, high-skilled nominal wages respond more sensitively to a change in
unemployment, and this leads to a decrease in the wage premium. Even though low-
skilled real wages decrease much less than high-skilled real wages, labor income for
low-skilled workers actually decreases more than that for high-skilled workers due to

greater drops in employment. This is because firms substitute high-skilled workers for
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low-skilled workers in response to the drop in the wage premium making even further
decrease in low skilled workers. Moreover, the size of the rise in the employment gap is
larger than that of drop in the wage premium because the two different skilled workers
are highly substitutable given the parameterization, (n > 1). As a consequence, labor
income inequality rises after the tightening of monetary policy. This is consistent with
the findings in Pourpourides (2011) in which the author takes U.S. data from 1979
to 2003 and shows that high-skilled wages are more volatile than those of low-skilled
workers, while high-skilled employment is relatively more stable than that of low-skilled
workers.

In addition, high-skilled consumption decreases less than low-skilled consumption as
high-skilled workers smooth their consumption, consequently, consumption inequality
increases after the contractionary monetary policy shock. This result is consistent with
empirical evidence obtained by Coibion et al. (2012). They intensively studied the ef-
fect of monetary policy on various measure of inequality and argue that “contractionary
monetary policy shocks are associated with higher levels of economic inequality”. How-
ever, according to their simulation, earning inequality decreases initially for about 2
years and the volatility of earning inequality is greater than consumption inequality
for all measure of inequality. This discrepancy might arise from the absence of other
sources of income because consumption relies on total income rather than on labor earn-
ings only. For instance, as Coibion et al. (2012) noted, the labor income share of total
income is larger for the higher quantiles in income distribution. This finding implies
that the lower quantiles would reduce consumption relatively less after a negative labor
income shock than they would when labor income is a unique source of income. More
importantly, monetary policy impact on inequality is quite persistent as it depends on

wage variation.

29More recently, Champagne and Kurmann (2013) analyze the wage data of CPS in various dimension
and find “substantial heterogeneity in how the absolute volatility of hourly wages of different worker
groups changes over time. The largest increases in volatility occur for skilled workers (with a college
degree) that are either male and young or middle-aged or salaried.” As a byproduct, they also show
that volatility of skilled wages is greater than that of unskilled wages in any given period and at any
decomposition except for older workers (aged 60 — 70).
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Figure 4.1: Dynamic responses to the positive monetary policy shock
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High-skilled productivity shock

Figure C.2 in Appendix displays impulse responses of the same variables to a positive
high-skilled productivity shock. The shock widens marginal productivity gap between
high-skilled and low-skilled workers, and therefore, firms increase high-skilled workers
and reduce low-skilled employment. This puts upward pressure on high-skilled nominal
wage and downward pressure on low-skilled nominal wages and hence raises both the
wage premium and income inequality. However, as the magnitude of the changes in
high-skilled wages is much larger, high-skilled employment increases less relative to
the decrease in low-skilled employment. Consequently, high-skilled unemployment falls
somewhat while low-skilled unemployment increase substantially. The greater high-
skilled productivity leads to a decline in real marginal cost and lower inflation. The
inflation falls enough to push up even the low-skilled real wages. A Taylor type rule
of monetary policy forces the nominal interest rate to fall in response to the drop

in inflation and results in a rise in high-skilled consumption. However, low-skilled
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labor income decreases because of the huge drop in employment and small increase in
real wages. Consequently, low-skilled consumption decreases. This result is consistent
with Heathcote et al. (2010) in that low-skilled earnings dynamics are dominated by
employment fluctuation. Therefore, a high-skilled productivity shock causes a rise in

both consumption and labor income inequality.

High-skilled wage markup shock

I also consider the high-skilled wage markup shock as another idiosyncratic shock.
When the high-skilled markup rises, the high-skilled nominal wage jumps up immedi-
ately, and the wage premium rises. As a consequence, firms reduce high-skilled employ-
ment by substituting low-skilled workers, which raises the low-skilled nominal wage in
contrast to the case of high-skilled productivity shock. The increase in both high-skilled
and low-skilled wages induces higher inflation. Consequently, the central bank raises
nominal interest rate to stabilize such a rise in inflation resulting in a higher real interest
rate, followed, in turn, by a drop in high skilled consumption. Again, since high-skilled
wages are relatively flexible, there is only a small amount of decrease (increase) in
employment (unemployment) of high-skilled workers. However, the relatively stickier
low-skilled nominal wage induces two opposite consequences. On one hand, the strong
increase in inflation overturns the muted increase in nominal wages and brings about
a slight decline in real wages for low-skilled workers. On the other hand, relatively
more staggered wages motivate firms to demand more low-skilled workers. Accord-
ingly, low-skilled employment increases, which leads to a drop in unemployment. Given
high substitutability of labor across sectors, (7 > 1), a small decrease in relative wages
leads to a larger increase low-skilled labor demand, and, as a result, low-skilled labor
income actually increases and thus consumption increase as well. Moreover, sufficiently
large increase in low-skilled consumption dominates the decrease in high-skilled con-
sumption, and therefore, aggregate output increases. In sum, all of aggregate output,
inflation, and real wages increase, whereas both consumption and income inequality

falls, as illustrated in Figure C.4.
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4.6.3 The Role of Labor Market Assumption

As noted in Introduction, the labor market assumptions are important in discussing the
disproportionate effect of monetary policy and the dynamics of inequality. Figure C.6
plots dynamic responses of aggregate variables and inequality measures under two al-
ternative labor market assumptions in comparison to the baseline model. Under the
single labor market assumption, the differences in consumption occur because of LAMP.
However, employments are identical so that all the workers face the same labor demand
and wages even though their willingness to work is different. Thus, we cannot say any-
thing about labor income inequality and the wage premium under this assumption.
Consequently, the aggregate wage falls more than the baseline model because there is
no strategic complementarities in wage setting without income inequality. Accordingly,
marginal cost and inflation decrease more as well. If workers are homogeneous with
segmented labor markets, the wage difference occurs only due to the financial friction
(LAMP) which affects the consumption level and marginal rate of substitution.? How-
ever, the slope of sectoral wage Phillips curves are the same so that wage premium
does not have an impact on aggregate wage inflation. Furthermore, since financially
excluded workers have a relatively strong incentive to work (due to lower aggregate
demand) under downward pressure on wages, their employment decreases less (because
labors are the same from the perspective of the firms) than workers in other sectors.
Therefore, income inequality decreases in response to a contractionary monetary policy

shock which is in contrast with the empirical evidence the literature have shown.

4.7 Optimal Monetary Policy

In the previous chapter, I showed that monetary policy has a disproportionate effect
on labor market variables and eventually causes changes in consumption and labor
income inequality. In this section, I approach the same phenomenon from the opposite

direction by asking if inequality and heterogeneous response of households with different

3%No difference in skills and market power implies no difference in elasticities of substitution between
workers within a sector
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characteristics affect optimal monetary policy design. To this end, I derive the welfare
loss function of the economy, and contemplate the optimal monetary policy. Following
Bilbiie (2008), I assume that the social planner maximizes the convex combination of

the utilities of the two types of households, weighted by the mass of agents of each type:
Wy = {s (UC) = V(ND) + (1 —s) (UCE) = V(N)} (4.22)

A Central Bank’s loss function is obtained by the second order approximation of the

welfare around the efficient steady state as in Woodford (2003)3!:

1 H 1— L
=5 Yo {lo et 2+ S () + O () vt + o (611
t=0 P w

L
Kw

where 1, = % and ;7 = s((llt i)) (%)2 > (0. Because prices and wages are sticky,
any change in those variables causes inefficient dispersion in prices and wages and hence
inefficient output. This inefficiency is captured by inflation and output gap terms in
loss function. Obviously, as prices and wages get stickier (x, and Ky — 0 ), the Central
Bank puts more weight on the corresponding inflation. In comparison to the standard
model, the loss function has two additional terms; consumption and income Gini co-
efficient which are associated with LAMP and segmented labor market respectively.
Therefore, so long as the financial and labor market are segmented, changes in wages
affect inequality and hence a welfare loss.?? If high skilled labor is equally substitutable
for the low skilled workers, a Central Bank does not need to be concerned about sec-
toral wage inflations, but aggregate wage inflation matters for welfare loss. As elasticity
of substitution across labor sectors becomes larger within a plausible range of param-
eter suggested by 7, loss from income inequality gets smaller. This occurs because
when workers are perfectly substitutable, firms can fully accommodate a shock in rela-
tive wages (and hence income inequality) by substituting workers with different skills.

Therefore, the effect of the shock on output distortion will be negligible. As population

3lsee Appendix C.4 for details.

32Recall that consumption inequality and income inequality are derived from the weighted sum of
two sectoral wages and wage premium respectively.
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is distributed equally into two sectors (as s — %), inequality measures become less

important.

4.7.1 A new policy trade-off with inequality

It is well known that equilibrium with flexible prices and wages is not attainable if both
prices and wages are sticky unless the natural wage is constant. There exists, that is,
a policy trade-off between three standard target variables; output gap, price inflation
and wage inflation. As stated above, without nominal rigidities in wage, wage inflations
do not affect welfare, and thus the Central Bank only needs to be concerned with the
variations of inequality in addition to output gap and price inflation. If there is no
variation in inequality, a strict inflation targeting rule leads to an efficient equilibrium
by achieving zero inflation and output gap simultaneously. However, inequality that
arises from the differential in wage and consumption across labor sectors introduces a
new trade-off so that a Central Bank cannot achieve the first best allocation even if
wages are flexible. To distinguish the role of inequality in optimal monetary policy from
the standard one that arises from nominal rigidities in wages, I consider an economy
with flexible wages in this subsection. Equilibrium wages are determined at a marginal
rate of substitution between consumption and labor supply for each type of household
in any given period under flexible wages. Subtracting the low-skilled equilibrium wage
from the high-skilled equilibrium wage, I obtain a relationship between the output gap

and income inequality.?? If I assume log-utility, o = 1, then the equation is simplified

further:
s(1—s)(n—1
G = (1= 9 — 1o+ L= oy (4.29
where I use w; = (0 + )z, which is obtained from the convex combination of two

sectoral wages weighted by their population share. The equation (4.23) shows that a
Central Bank is not able to completely stabilize both income inequality and output gap

at the same time after idiosyncratic productivity shocks even under flexible wages.

33~R _ _o
t 1+

off — 15 (afl —af) and ¢ = =1 (@ + s(n — 1)),
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4.7.2 Dynamic response under optimal monetary policy

This section explores optimal monetary policy under full commitment in which a Central
Bank minimizes the loss function above, (C.20), subject to the given constraints.?* I
compare the dynamic responses of endogenous variables under optimal monetary policy
with those under the Taylor rule to see how they differ in response to aggregate as well

as idiosyncratic shocks.

A positive technology shock

Figure 4.2 plots impulse responses to a positive aggregate technology shock. In response
to the technology shock, optimal monetary policy lowers the nominal interest rate
substantially, allowing output and high-skilled consumption to increase more than those
variables under Taylor rule. Accordingly, the optimal monetary policy encourages firms
to demand more workers as opposed to the Taylor rule. However, the shock does
not cause a variation in the relative marginal productivity across sectors, and thus,
the changes in employment rates are almost the same for both sectors initially. The
increase in labor demand induces higher wages for both high-skilled and low-skilled
workers. Once the nominal wage increases, however, the wage premium increases due
to effectively stickier low-skilled nominal wages, and in turn low-skilled employment
rises more than high skilled employment. As a result, income inequality falls opposite
to that under Taylor rule. In addition, low-skilled workers are more willing to supply
their labor relative to high-skilled workers and thus the low-skilled unemployment rate
slightly increases while the high-skilled unemployment actually decreases, which is in
stark contrast with huge increases in both high-skilled and low-skilled unemployment
rates observed under the Taylor rule. On the other hand, the optimal monetary policy,
which is much more accommodative, leads to a greater disinflation and a larger increase
in real wages. Therefore, labor income for both high and low skilled workers increases,

and accordingly, low-skilled consumption rises as well.

3 Details for the constraints and the first order conditions are provided in Appendix C.5.
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Figure 4.2: Dynamic responses to the positive technology shock
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A high-skilled wage markup shock

Figure C.9 shows the response of the same variables to a positive high-skilled wage
markup shock. An exogenous increase in high-skilled wages induces a sharp decrease
in high-skilled employment, and consequently high-skilled unemployment increases. A
rise in real wages also leads to a higher marginal cost and inflation. However, since
optimal monetary policy again aggressively responds to this change, the increase in-
flation is muted resulting in a higher real interest rate. Consequently, the high-skilled
consumption decreases substantially. Such a huge drop in high-skilled consumption
causes a drop in aggregate output followed by lower demand for low-skilled workers.
Accordingly, low-skilled unemployment rather increases somewhat in contrast to that
under Taylor rule. This, in turn, pushes low-skilled wages down, and as a result, the
labor income for both high and low skilled workers decreases. However, a substantial
drop in high-skilled employment induces lower income inequality. The optimal mone-
tary policy in response to this idiosyncratic shock becomes remarkable in comparison

to aggregate shock in that the optimal monetary policy generates effectively different



93

path of inequality; the dynamic responses of inequality are muted under an optimal

monetary policy relative to under the Taylor rule.

A positive high-skilled productivity shock

Figure 4.3 displays the dynamic responses of the same variables. Firms demand more
high-skilled workers immediately in response to the idiosyncratic shock by substituting
low-skilled workers. Consequently, high-skilled employment increases while low skilled
employment decreases. However, the magnitude of the rise in high-skilled employment
is diminished by the substantive increase in wages. On the other hand, low-skilled
employment falls substantially due to stickier low-skilled wages, and therefore, aggregate
employment decreases. The optimal monetary policy is highly accommodative to this
shock again. As a result, high-skilled consumption increases more dominating decrease
in low-skilled consumption because of larger decrease in real interest rate, which, in turn,
leads to a slight increase in aggregate demand and real wages. Low-skilled consumption
decrease due to a drop in low-skilled income, however, the size is much less than that
under Taylor rule. The greater increase in consumption and employment for high-skilled
workers induces more drop in high-skilled unemployment, and the less severe drop
in low-skilled unemployment causes less rise in low-skilled unemployment. Therefore,
aggregate unemployment remains virtually unchanged in contrast to the significant

increase in unemployment under the Taylor rule.

4.7.3 Counter-factual experiments

In this section, I examine aggregate dynamics under three hypothetical scenarios in
comparison to those of the present model (benchmark model).?> In the benchmark
model, a Central Bank sets an optimal interest rate, considering segmented labor mar-
kets under sticky wages. In Scenario 1, a Central Bank considers a single labor market
in which the representative union sets a desired wage for each type of workers regardless

of their skill level, but the wages are sticky. In Scenario 2, a Central Bank is aware of

35Gee Appendix C.6 for a detailed description of each scenario.
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Figure 4.3: Dynamic responses to the high-skilled productivity shock
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the segmented labor market, but considers the wages flexible. In Scenario 3, a central
bank considers a single labor market with flexible wages. All the Central Banks admit

that some fraction of the total population is financially excluded.

Scenario 1: Single labor market with staggered wages

If workers are homogeneous with respect to the demand elasticity and the two different
skilled workers are perfect substitute then loss function is simplified to the one in Ascari
et al. (2011). In this scenario, workers are different only in financial accessibility and
face the same wages and labor demand. Since the representative unions of i-type
of workers who maximize weighted average of both skilled life-time utility, all i-type
workers face the same labor demand and wages regardless of their skill level. A Central
Bank now cares only aggregate real wage gap arising from LAMP rather than sectoral
wage gaps or inequality measures. As Ascari et al. (2011) noted, LAMP does not
affects optimal monetary policy design, because consumption inequality only shows up

in demand equation, (4.18), and supply block of the economy is not influenced by the
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income inequality, in fact, there is no income inequality in this scenario. In a special
case when o0 = 1, a Central Bank’s loss function and the constraints are exactly the
same as the one in Erceg et al. (2000). Evidently, if all agents are able to smooth
consumption by holding bonds, that is s = 1, the loss function collapses to one in Erceg

et al. (2000) as well.

Scenario 2: Segmented labor market with flexible wage case

When the economy approaches to a flexible wages, 6,, — 0 and % — 0, welfare losses
from wage dispersion become negligible and hence terms associated with wage infla-
tions disappear. However, presence of Rule-of-Thumb agents (low-skilled workers) still
matters for welfare loss because LAMP imposes different marginal rate of substitution
across different skilled workers, wages, and consumption, in turn, which causes con-
sumption and income inequality variation. In addition, since marginal cost (real wage
gap in baseline model) become a proportional to output gap, inflation is directly af-
fected by output fluctuation via (4.9). Therefore, the trade-off explained above takes
place, and a Central Bank need to allow output gap variations in the face of changes
in inequality. As a special case, when production function is Cobb-Douglas (n = 1),
income inequality becomes constant, and thus, a Central Bank consider wage premium
rather than income inequality. Therefore, an idiosyncratic productivity shock causes a

trade-off between output gap and wage premium. In this case, the larger steady state

high-skilled income share implies the more weight on wage premium variation.

Scenario 3: Single labor market with flexible wages

If there is a single labor market and the wages are flexible, the loss function is exactly
the same as the standard New Keynesian model with LAMP such as Bilbiie (2008).
In this case, welfare loss comes from price and output variation only. The existence
of low-skilled workers who are financially constrained suggest a Central Bank to put
more weight on output relative to standard NK model, since these workers are affected
directly by output fluctuation but not inflation. If there is no cost-push shock, then

a Central Bank can impose zero inflation and output gap by strict inflation targeting
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and the economy achieves the first best allocation.

Welfare analysis

As I expected, the welfare losses under the optimal monetary policy when a Central
Bank ignores ( or is not aware of) inequality are much greater than that of the baseline
model. Table 4.2 reports the relative welfare loss of the first scenario (single labor mar-
ket) in comparison to the baseline model after aggregate and idiosyncratic productivity
shocks as well as sectoral wage markup shocks. If a Central Bank ignores inequality by
focusing only on the aggregate variables, welfare loss is 0.87% higher than the baseline
model after aggregate technology shock. Since aggregate shock does not cause trade-off
with inequality, the extra losses come only from the stickier aggregate nominal wage
adjustment caused by income inequality. As Figure C.10 shows, aggregate dynamics
of endogenous variables under different policies are not distinguishable after aggrega-
tion technology shock; they are different only if the Central Bank thinks differently on
the wage stickiness. However, the optimal monetary policy induces significantly larger
welfare loss in response to idiosyncratic shocks when a central bank do not care of in-
equality variation. The welfare losses are 5.19% and 5.16% greater than the benchmark
model after positive high-skilled and low-skilled productivity shock respectively. Simi-

larly, the loss are 1.8% and 1% larger after high-skilled and low-skilled markup shock

respectively.
Table 4.2: Relative Welfare Losses
Seenario Productivity shock Markup shock
Aggregate High-skilled Low-skilled | High-skilled Low-skilled
Baseline 1 1 1 1 1
Single labor market || 1.000873 1.051882 1.051621 1.017812 1.010268
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4.8 Conclusion

As data indicate, households with different characteristics behave very differently over
the business cycle and income inequality moves countercyclically in response to mon-
etary policy shock. In this paper, I have shown that segmented labor markets with
limited asset market participation can account for the differentials in labor market
variables and the dynamics of inequality. Any economic shock that affects the relative
wage results in a variation in income inequality and the change in inequality amplifies
aggregate dynamics through strategic complementarities in wage setting. In particular,
a contractionary monetary policy, which has a disproportionate effect on labor mar-
ket variables, lowers the wage premium and thus raises income inequality. A variation
in income inequality enhances the stickiness of aggregate wage adjustments and leads
to greater fluctuations in macroeconomic variables such as output, employment, and
unemployment. Welfare analysis based on the central bank’s loss function, which is ob-
tained from the weighted average of households’ life time utility, suggests that a Central
Bank needs to react more aggressively to an output gap relative to the standard Taylor
rule. In addition, when a Central Bank ignores heterogeneity in the labor market and
thus inequality, its optimal monetary policy causes substantive welfare losses relative to
those under the benchmark model in which a Central Bank takes into account inequality
variation.

Finally, according to Reis (2013), “if financial stability is to be included as a separate
goal for the Central Bank, it must pass certain tests: 1) there must be a measurable
definition of financial stability, 2) there has to be a convincing case that monetary
policy can achieve the target of bringing about a more stable financial system, and 3)
financial stability must pose a trade-off with the other two goals, creating situations
where prices and activity are stable but financial instability justifies a change in policy
that potentially leads to a recession or causes inflation to exceed its target.” Even
though, financial stability might not be an appropriate target variable for a Central
Bank as Reis (2013) mentioned, income inequality fulfills those three criteria. Income

inequality is measurable, causes substantive welfare loss, and poses a trade-off with



98

output gap. Thus, a Central Bank should pay attention to income inequality in addition
to inflation and the output gap.

There are some useful extensions of the model. First, a fraction of the population
who is excluded from the financial markets can vary over the business cycle. In a re-
cession, more people will have limited access to the financial market, and, therefore,
low skilled unemployment becomes more vulnerable to an economic shock. Accord-
ingly, variations in income inequality will be larger, and more attention to inequality
by a Central Bank will therefore be required. Second, even though labor income is the
largest contributor to total income for households, other income sources may also affect
households’ behavior. For example, an expansionary monetary policy that lowers nom-
inal interest rate raises asset prices. However, since high-skilled workers whose average
labor income is larger than low-skilled workers tend to hold more financial assets, the
income gap between two different types of households will be widened. In addition,
when nominal interest rates hit the zero lower bound, an unconventional monetary pol-
icy intended to boost the economy may cause wider income inequality as shown in Saiki
and Frost (2014). Therefore, other income sources such as capital income might have a
significant impact that mitigates the positive effect of expansionary monetary policy on

inequality and the result would enhance the portfolio channel of the monetary policy.
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Appendix A

Aggregate implications of segmented labor market

Linearized System of Equations
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A.2 1IRFs with the same labor supply elasticity, oy = ¢,
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Figure A.1: Aggregate Impulse Responses to productivity shock
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A.3 Segmented vs. Single Labor Market
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Appendix B

Segmented labor markets in an estimated NK model

B.1 Derivations

B.1.1 Consumption

Cost Minimization problem given consumption level Z;

L= (/01 C;,;;l@dz);ﬂ +)\{Zt - /OlPt(z)Ct(z)dz}

First order condition of the problem is given by
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Using symmetry between differentiated goods, it follows
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Now, from the definition of aggregate consumption,
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Cy = </ Ct ep (x)dz> — 1—tap </ Pt &, (:L')dl‘) — 41_11; Pt—at
0 P, 0 P,

1
= Zt :/ Pt(Z)Ct(Z)dZ = PtCt (B2)
0
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Pt(Z)
P

—ep
Finally, we get Cy(z) = < ) C} combining (B.1) and (B.2).

B.1.2 Labor demand and supply

Labor Demand Schedule

n

n=1 n=1

1 1
min, WHNE + WENE st H; > [’y}_} (AN 7 47 (AENE) 7
t 't

1

. ij 1 H, n
F.O.C: wl =—1 =)\ T = for j € {H,L
t A{ t\ 7 <A§th> VESH }

Convex combination of the wages after taking 1 — 7 power and using the definition of

Hy;, 1 get

a oL WHN 7 WL\ 17| T
|:7H(W£I>1 ”+ryL (th)l 77}1 m_ [’YH <A§{> + 9L <AtL> ] =\ =Wy
t t

replace A\; in F.O.C

N\ 1
N =, @t Y liaiinj%—no’ﬁj—z%)—i-u—aj
(R s A, Al t t t 1 & ¢

R R Yt — Qg H
=ng =-n(l—s)(w' —a)+ 1—aq X
= =y =0yt = - (W = aff) = a = —nw + (1 - 1) af’
Marginal Cost
1 n—1 1 n—1 11—«
Ng}i}\}L WHANT + WENE st Y > A [’VIZI (A7 N) 7 A (APNE)
t 7't

3=

: [ H
F.O.C: wl =\ (1— @) AH{ i (Aj]ifj> for j e {H,L}
t4't
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As is above,

1-n
A 1— 1— : H; K .
i (W§> =N (1 =a) AcH ), " 'y;( —— for j € {H,L}
A N
w 1=n 1 «
=>—— =N "T=me=o—a; +ah = —ay + —— —a
((l—a)Ath> t t t t t t t 1—a(yt t)
= swil + (1 - s)wl —sall + (1 - s)af—w
— —«
= wt = af
=wy —ay — ! a + ——
o L1 —at 1—ayt

which is obtained by a convex combination with weight of population share.

Aggregate Labor Supply

N :/ / NH (i, z)didz

/NH 0 NtH(()Mdz = OleI(Z)/;(wilgi))_a?didz

=AH
A [ () (Nﬁ(z))dz N 10 (wH> "
¢ 0 A{I Ht(z) t 0 A{I Tot




Similarly, N} — (1 —y)abaP (S0} " (X e here AL = [ (=
imilarly, Nj* = (1 —v)AyA; = ar a4, where Ay = [,
Then, log-linearized from of these two equations can be derived as:

1

nf%—n(wf—wt)—l—1_a(yt—at)—atH

1
= =1 (@f{—(3@{{—(1—3)@5))+E(yt—at)—a?

. . 1
= (1= 8) (& — FE) 4 (g~ ay) — ol
———— —

— ~R
= w,

1
:_n(l—s)(wR—aH—i—aL)—i—m(yt—at)—af

1
nf%ns(wR—aH+aL)—i—m(yt—at)—af

L

(%)

wi
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B.1.3 Optimal Pricing and the price NKPC

oo . _P k_ Lp
H}DE}XZ 9£Et {Qt,t+k <Pt < g 11> ) Yt+k\t — Wik (Yt+k|t)} (B.3)
b k=0 -

Py (P17 ™
$t.Yypkp = (Pt«tkk ( Py Citk

o0 . P B lp
FOC, ZHﬁEt {Qt7t+kY2+k|t (Pt < ;Hi? 1> N M$+kwt+k|t>} -0

k=0 t—1

[ee] L [e.e]
o [ Prk—1\7
= Z 0FE, {Qt,t+kyt+k|tpt ( ];:71 > } = Z 05 Bt { Quek Ykt MY e }
k=0 k=0

€

p  _ _ Spitk —_

where M, = and Yy = Wiy (Y;t-&-klt)
€pt+k — 1

Log-linearization;

(o) L
P P — — 5 — —
LHS; Z (59p)k YP () Ey {Qt,t—i-k + Ytrk|t +pi 4 (pt+k—1 - pt—l)}

P
k=0
> & P\ —
RHS; Z (B0,)" Y P <P> Ey {Qt,t-i-k T Yerkft My + C e +@} (. Yronpp = MCy s Prsr)

k=0

Rearrange (LHS - RHS = 0);

o0

k “ _— — np — _—
Z (ﬁep) Ey {pt + ip (pt+k—1 - ptfl) - M?fk — MCyk|t — pt+k} =0
k=

o

oo
1l—a+ ae ~ =
k — — — —
= Z (B0p)" Ey (1_ap> (Pf +p (pt+k—1 - ptfl) - pt+k) - M?}:k —Mmeqp p =0
k=0
=T
— — [0 — — o — e S s — —
MGy k|t = MCy + 1—a (yt+k|t - yt+k) = MCtyfk — 1—a (Pt — Ptyk + tp (pt+k—1 - pt—l))

~ _ 1— 756

=7 — Bt = (1= B0) (5 — 1) + —— (6 + 1y ) + B9y e (b — )
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1—ept ~
_ +\ (1—¢p, P Lp) . t k
Log-linearizing price index, (P;)' ™" = (1 — 6,) (P; )= t)+(9p (Pt_l (Pt,2> ,  weget p;

ﬁﬁt - %ﬁpl — 10 Z Le’; m—1. Finally, we obtain
—vp —Yp

(1= p0p)(1 - 0p)

np —
Tl'gJ = 6Et {71',1;_1 - Lpﬂ'f} + Lpﬂ'f_l - )\p (,UJ{; — My ) where )‘P gpr
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B.1.4 Wage determination and the wage NKPC

1. High-skilled workers

G\ " i [N L [ N
HlEiJXkZO 60 (1_0_> - @t+k {Sxt /0 md 1+ (1 - S)Xt /0 1+ oL dl}
Wt Pt+k—1 Lw _Egt
s.t. Nt+k|t (ng< P ) ) Nt-‘,—k

b ! * P, k—
Py Crypt+e" 2 Quyx By = Biyr—1 + 8/0 w; ( Z_;) Nt+k\tdz + (1= s)WhLNEy

F.0.C;

e WH* PtJrkfl lw
Z BOuw) Et[ T4k {Ikklt{t <Pt_1 — M MRSy, ¢| =0

- Py
H H H €unt
where MRS, = x; Zf+th+K|t and M, = 7 = ]
w,t
Log-linearization;
> k W (P bw Fom 7.
LHS; Z (Bbuw) CiUNF <P> Ey {—05t+k + gk + 0 = Pk + b (Prrk—1 — ﬁ—\l)}

k=0

oo
RHS; Z (ﬁew)k C"NMIMRS"E, {—aé’t_,_k + m + it + mrsﬂ_k't}
k=0

Rearrange (LHS - RHS = 0, % = MHPMRSH at steady state);

—

k? g o — —
(B0y)" Ey {w{” — Pk + tw (Perh—1 — Di1) — ppfh — mrsﬁmt} =0

NE

e
Il
o

—_—

= (80u)" B (1+ elon) (wf + v (5 — 1) ) — Bk — ellpnivng — il — sl } =0

/\/\ o — —

mTSHk‘t =mrs iy — ¥PH (nt+k|t - nt-i—k) =mrs iy — (ewpn) (wt F = Wit + (pt+k—1 - ptfl)))

—

M I

= (B0.)" E, {(1 +enon) (w{{* + tw Pkt —Jf-l)) +ull = (L +ellon) wipn —u?ﬁ} =0
k=0
(where ufzm—@—mmﬁk)
- Hx — —~ 1—p6

Swit™ = oppii = (1= 00) (@ = nppii) + (uf - M?H) + B0, B (wfi*l - Lpﬁt)
w
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_H _H 1— ew
Log-linearizing price index, (I/V,f*’)1 vt = (1= 0y) (I/VtH*)(1 w't)—l—Hw (Wtffl (g:;) ) ! )

Hx __ 1~ 0 ~ Ot : :
we get  wy't = =Wy — 70, We—1 = 725 Tt—1 Finally, we obtain

(1 —B0p)(1 —0p)
9(1—|—6H<,0H)

WflzﬁEt{Wgrl—waf}-Fbwﬂfl )\H( — ) where Ay =

Similarly, we can obtain New Keynesian wage Phillips curve for the low-skilled workers

as:

(1 —p6p)(1—0p)
Op (1 +ckor)

rl = BE, {wa — LT )+ T — AL (,uf - ,LL?L) where \f, =

B.2 A system of Linearized equations

Exogenous shocks

1. at = paai—1 + o4e¢ : Aggregate technology shock

2. afl =plall| +0ol 5at : High-skilled productivity shock
3. af = pkal | + ok 5at : Low-skilled productivity shock
4. by = ppbr—1 + obei’ : Risk premium shock

5. & = pe&i—1 + agsf : Aggregate labor supply shock

6. s = Pplhyi—1 + Opepy : Price markup shock

7. ,uw = pg MZ)I{ 1+ ow ew it : High-skilled wage markup shock

8. urk 1= pgugfz | +okel + + Low-skilled wage markup shock

9. v; = ogef’: Monetary policy shock

Structural Equations

Loy =yefl + (1 —v)cf

= 1 < 1—pc ] #s(1—pc A
2. o =y Buer + ety = Siitpn (i — By = bi) = /32((1+Zc)) (XtH - yt>



10.

11.

12.

13.

14.

15.

16.

17.

18.

- My = 1_a—ﬁyt—wt+sa,{{+(1—s)at

L

-1 p.L Pe Lo l-pe (s P _
'Ct_1+pCEtct+1+1+pCct—1 (it — Eymyyq — by)

o(1+pc)

p

. =g + BE (Wfﬂ - Lpﬁf) — Aphty + Fop.t

P __ _a L

H

_ P H P H H
. =g, + BE; (7rt+1 — LHﬂt) — /\Hﬂw,t + uﬁ,,t

L_, D L P L L
nf = m_y + BE (mfyy —wm)) - AL ¢+ Pyt

H _ H
Myt =W T 06 — YPHTY — &t

-l =wf —ock —ornf — &
ni' = —n(1 —s) (Wff —af) + 4=5t —af

L _ R R Yt—ae L
(" —ns(wt —at)—f— T—a —

H_  H H _ _p
Wit =Wl T -y

L _ L L P
Wi =wlq e —

wr = swil + (1 — s)wl

R _ ,H L

iy = pite—1 + (L — pi) (b7} + dyye) + 14

¢(1—s)(1—pc)

Bo(1+pc)

(2?

L
t
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Appendix C

Inequality and optimal monetary policy

C.1 Efficient Equilibrium

When wage markups are gone, both labor markets become identical, and all the workers
get the same wages, and hence, enjoy the same level of consumption as if representative
agents. Thus, the marginal product of labor and marginal rate of substitution for
workers of different skill levels are the same. I then define efficient equilibrium condition

as:

mpny = Wy = MTrsg

ag = oy + ohy + & = (0 4+ ) yr — pas + &
t = at —
o+ o+

& and wP =ay (C.1)

C.2 Household’s total labor income

Each household consists of a continuum of workers, and the total income of the house-

hold is just the sum of each worker’s labor income. Therefore, j-skilled household’s
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total income is written by

) 1 1 1 L NI
X} :/ wg(z’)/ Nﬂ(i,z)dzdz':/ w](i)/ th(z)Mdzdi
0 0 0 0 N}

_

( )
:/Olwg(i) /Othj(z) (“i(?) " dedi = /01 (ﬂ.@'))l% di/othj(z)dz

o 1 NJ(Z) g 1 wj i
_wi/o Hﬂz)(i(z))dz—wi ; Hy(z)y <wi> dz

Rwp =1 (wi —wt) TY— 1 (C.2)

for j € {H, L} and where Al is measure for the price dispersion and is second order
L
term. Since the Gini coefficient for income G/ is given by (1 — s) (1 — %), it is

approximated as —(1 — s) (2?5 — é’?t)

~(1-9) (¥ - X)
=—(1—3s) [wf +nswi +y —ar— {s (W —n(l —s)wf +ye —ar) + (1 —s) (wf +nswi* +y —ar) }]

= —s(1—s)(n—1)wk (C.3)
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C.3 Wage Phillips curve

C.3.1 High-skilled wage Phillips Curve (k! = %)

H H H H Hn
un —5Et7rt+1_"3w,“t +

H H H H
=y =wp —oce —eng =&

— (1 = 5)ek
H_U<ct (1-5)d

o(l—s
. : =9)p_ g

o
) —ontt &=l = e el it
s s
o 0(1—3)(
s

H
= Wy —*Ct+
S

= (L= o+ et — (a1 - 5)(o + ) - T )t

v~

EAZ

wf +nf) = {=n(l = s)(w/ —wf) +y —ar} - &

=\L
=2k

+<—Z+U(1_S)—g0>yt+<—a(18_8)+<p)at—§t

o(l—s)

=—(c+¢)y+ (— + ap) as + AMjwT = Mgwf — &

= —(0+ )z + Agw; — Njof
= il = BErf ) + ki (0 + o)z — KENIGH + kENEGE + pi™ (C4)
This also can be written in terms of relative consumption and wage
_ BBl w1+ oyt Rl (o4 ons — o) S+ wllocl sl @~ oB) 4l

(C.5)
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C.3.2 Low-skilled wage Phillips Curve

L L L L Ln
T = 5Et7rt+1 — Ry + [y

L L L L L L
= py =W —mrsy = wy —oc —ony’ =&

=w/ —o(w/ +ny)—enf —& = (1—o)w/ — (0 +@)nf — &
= (1—0)wi — (0 +¢) (ns (W —wf) +y —ar) =&
—(0 +@)nswil + (1= 0) + (o + @)ns)wf — (0 + )y — ar) = &
=—{((0 1) = (@ +ms) & + (0 +@)ns@f } — (0 +p)a
= w} = BEmfy) + k(o + @)z + kil (0 + @)nsof! — kL (0 4+ @)ns — (0 — 1) &) + "
(C.6)

or, ) = BEm{y + k(o + )1+ k(o + @)nsof + vl (0 = 1) & + pf” (C.7)

C.3.3 Aggregate wage Phillips curve

By definition, I aggregate wage Phillips is a convex combination of two sectoral wage

Phillips curves weighted by corresponding population share.

0 = sl 4+ (1 — s)nf

= pry + (5/15 +(1- s)/@i) (0 +p)z — (m{j - /@5)) ns(l —s) (o + ) cTJtR

= Ku

— (n{j — /@5,) (1-— s)acNutL (anth +(1- s)mef) + (suf” +(1- s)utL”)

= €

. w 1+ ~
(and if 0 = 1) :Bwt+1+mw(1+g0);pt+(/€5“5)7757_1@@[K;gwt+et (C.8)

=7

C.3.4 Special Case with log utility and homogeneous labor (o = 1

€u = E3)

9

If el = ¢l (C.5) is then simplified further,

T = By + Kw (L4 ¢) 2 — Kuwt + € (C.9)



123

and subtracting (C.4) from (C.2) I obtain,
Gff = YR ) + BYREGS + briwcl + € (C.10)
Whel‘e wR = m and EtD = wR (Mtf‘l’n — IU,th)

C.4 Utility-based Loss Function (Woodford (2003))

Wi = {s (U(C) = V(N/)) + (1 =) (U(CF) = V(N{)) }
e Efficient Steady State:

C(z)=C=Y and %:A:1:>C:H

c=cl=cl, g=NH=NI

%zMRSzMPN@%:C’"H¢:A:1:>UC:VN

Xi—X
X

e Utility from Consumption (for a variable X, ~ xy + %x?)

. j_ 2 J
U(Cc)) = U(C)+U.C (Cf C) - Uec© <Ct ¢

2
- o ) + O (liclh?

. . 2
, N Ccl-cC U.C (C]-C 3
U<05>U<c>~Ucc{< = >+ T ( L ) }+o<<>
d

3 () =5 ()} +oqan 1)
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e Disutility from Labor Supply

. . 2
; N/ - N Vi;N* (N} - N
7\ ~ . t JJ t
V(Nt)NV(N)JFX/]N( ~ >+ 5 ( 7 )

_ J_
+Vum—4»+an(”11><NZVN)+W%Am—1P+OGKW)

. . 2 .
, N/ - N Vi:N [ N — N N/ - N
V(Ng)V(N)szN{< tN >+ 21% ( tN ) +< ’*N >§t}+t.i.p+0(c3)

. N 2 2 .
< vin (a3 (nd)" + £ (ad)" 4wl + i+ O (1CIP)

(C.12)

e Combine (C.11) and (C.12)

WBC_CW ~ [{Ct +3 5 = (s(ef")? + (1 - 8)(65)2)} - {ht - JQF 2 (s(nf)? + (1 — s)(nf)?) + htgt}]

(C.13)
where U.C' = V;N, ¢; = scfl + (1 — s)cl, and by = snf! + (1 — s)nk
o s(c)'+(1-s) ()
of =wf+nf =wl +nswlf + AF + A +y, — ar = AF + AV + (1 —ns)wf + nswf +y — a
=0,

2 .
(cf)” = @ + yi + 204y — 2®1a, — 2ypay + tip + O (|[C]°) (C.14)
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2 _ 2 11—
(05)2 = (i) cf + (1 5 S) (CZJ)2 -2 <8 S 8) ctctL
1—s

1\? 1—s)\?
= () C?Jr(s) (<I>3+yt2+2<1>tyt2<1>tat2ytat)2( 82 )Ct(q)tertat)

1 1-s\% 1-s 1-s)\2
:<32+< s > _2782 >y§+<8> (@?—Q(I%at)
1-s\% 1—s5
( s > - 52 )((I)tyt_ytat)

= yt2 + ((1 — 8) + (1 _ 8)2) ((I)? — 2<I>tat) + 2 ((1 — 8) — (1 — 8)) ((I)tyt — ytat)

(97 — 20a) (C.15)

o snl + (1 —s)nf

=5 (B + A7 = s(1 = s)f + 9 — ar) + (1= 5) (BF + BY + mswf + 3 — a,)

=sAH 4+ (1-s)AF —i—ﬁf +y— (C.16)

Eﬁ,’f

s (n{{)2 +(1—ys) (nf)2

2
=5 {(1(1 = 9)” (@) + 57 — 201 = s)f'y + 20(1 = s)ffa, = 2yea }
2
+(1-s) {(773)2 (@)™ + v + 2nswtye — 2nswiia; — 2ytat}

2
= ns(1—s) (wf')" + v — 2yeas (C.17)
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e substituting (C.15), (C.16) and (C.17) for (C.13) we get,

2 (3%” + ﬁf) +(o+9)yf — (L+9) 2par + 2ui&s
W,—w 1 .
T~ +tip+ 0O (|[C]]P)

+EDA=) (@ — ay)” + (1 + @)Ps(1— 5) (wf)

(C.18)

where (0 + @)yl = (1 +)ag — &)y and ®F = a; and th’E = 0. Now,

replacing inequality measure,(4.16) and (4.17), for the last two terms, I get

2(AF + A7) + (0 +9) 97 — (1+¢) 2mar + 20

We—Ww 1 ; 3
s(1—s) t s(1—s)\1—n t
Ve e

(C.19)

In addition, AP ~ 2Var, {p(z)} and ﬁi ~ %Vari {wg(z)} for j € {H,L} and

can be expressed in terms of corresponding inflation.

o 0 o0
ty, _ P t (D)2
2 Ve (@} = g5 (g, 27 ()
Similarly, ZﬁtVam {wg(z)} = a0 f(li T Zﬁt (77{)2 for j € {H, L}
t=0 w W =0

Finally, we obtain the Central Bank’s loss function as

o0 H _ L
L= { () + (0 + 9)a? + 228 (w1 L5 () 4 (G2 4 (95)2}
t=0 v v

(C.20)

C.5 Optimal monetary policy under commitment

Minimize (C.20) subject to (4.9) (C.4),(C.6) and (4.20), in addition to inequality mea-

sures, (4.16) and (4.17), with corresponding Lagrange multiplier ¢; ; fori =1,2,3,--- ,8



and for t =0,1,2,---
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W.r.t H First Order Conditions
T4 (0 + @)z — vl (U—Ho)gbgt—n (c+¢)p3:=0
™ @Wf+A¢1t+¢4t+¢5t—0
i ,{Hﬂ-t + Apat — par =0
s 1= S)E T+ Ags — g5 =0
off || KEXE gy, — KL (0+<p)778¢3t+¢>5t—5¢5t+1—8¢ﬁt+ﬁ5(1—5)¢7t—5(1—s)(1— n)¢st =0
of —Rg Mg b2+ ki (0 +@)ns — (0= 1)) @ap + ¢56 — Bdser1 — (1= 8)dos

+(1 = 5)(1 —ns)prs +s(1 —s)(1 —n)gps =0

Wy —KpP1,t + Pt = 0
tc wcgtc + ¢7,t =0
! VGl + ¢s =0

C.6 Counter-factual Experiment

C.6.1 Scenario 1: sticky wage + single labor market model

subject to

Zﬁt{

o+ ) 93t+*(
Kp

P
Ty

2, &w oy
)+H(7Tt

w

_ p ~
7 = BEm | + Kpwy

TF;LU = BEtﬂ-;fkl + Rw (O' + (,0) Tt — Iiwat

Wt = wy—1 + 7 —7rt

AwF

R e’

w.r.t H First Order Conditions
Ty (0 +@)wt — k(0 + @) P2t =0
et E’; T+ Apr1i 4¢3 =0
3’ %W? +A¢2t — 3. =0
~ (e-1)(A—-s)~ _
Wy Wy — Kp@1t + Kw®2t — B3+ ¢3: =0
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C.6.2 Scenario 2: flexible wage + segmented labor market model

L— %Zﬁt {ip (n0)* + (0 + ) 77 +ve (GF)° + 1 (95)2}
t=0 p

subject to

T = 5Et7rf+1 + kp (0 + ) 4

with (4.20), in addition to inequality measures, (4.16) and (4.17)

w.r.t. H First Order Conditions
¢ (0 + @)zt —rp(o+ )1t =0
urt %Wf +Ad1+ P24+ ¢34 =0
off P2, — Bd2er1 +n8(1 — s)pay — (1 —s)(L—n)gs =0
wf ¢34 — Bd3441 + (1= 5) (1 —ns)pas + (1 —8)(1 —n)p5: =0

1; wcgl}c + ¢4,t =0
t ¢Igt + ¢5,t =0

C.6.3 Scenario 3: flexible wage + single labor market Model

1 & €
=3y o {roas 2w
— Kp
t=0
subject to

7 = BEl,y + iy (0 4+ 9) a0

w.r.t. H First Order Conditions
|| (0+@)a—kp(a+@)d1r =0

P €p P —
Ty T+ Aprs =0



129

C.7 An extension with idiosyncratic productivity shock

C.7.1 Labor Demand

1 n—1 1 =1
min W N+ WENE st H > ['y}} (AN 4] (AFNE) 7

NI N/

1

Wi o \"
F.O.C: @l = Ijl/t =M\t ’y’li (Aj]i]]) for j € {H,L}
¢4V

Convex combination of the wages after taking 1 — 7 power and using the definition of

Ht, I get

[y f) 7 (- () ] =

replace A\; in F.O.C

i\ "
: w Y; H ~F =~ '
Nt] =, <) AtAg =>n; & -7 (wi —wt) + Y —ap — ai

= nf —nf =nj" = = (W - af’) —af = —nw — (1 +n)af
C.7.2 Marginal Cost
HArH LarL T oaH NS | n 4L Dy
Nr}}iﬁL WHIANS + WENy7 st Yy > Ay ['yﬁ, (A/N) 7 4+ y) (APNg) ™
t 't

F.O.C: @ = MA, w( il ) for j € {H,L}
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Similarly,

1-n

fy~<wj>1_n:)\1_"A1_” () e eqmny
i \%t t t v A{th J )

Ay

1=n
oy _ ~
:>< > =\ = me =@ — ap = swl 4+ (1 - s)wk —sal + (1 - s)al —a

we = af

which is obtained by a convex combination with weight of population share.

C.7.3 Efficient level of output

. 1
j_ AN (ai\e WP He T j
MRSt = Xt (Ct> (Nt> —?t—'}’;AtAt Aith _MPNt

. . . 1
Soc+on]+& =w =a+aj +— (ht—ag —n3>
n
Convex combination of the two sectoral efficient conditions gives

1
Uyt+<p(sn£{+(1—s)nf)—|—§t:at+a§+%<ht—s<a£{+nf) —(1-y9) (af—i—ntL))

-~

=0

oyt + ¢ (yr — ar — af) + & = az + af

g_l+o
B =

a; +af) —
U+(,0(t 2 o+

&t

HE

L.E
wl =a;+af and w" =a; +al & w" =a+ak

RE _ H L

C.7.4 Log-linearized Equations
1. &y = Eyrey — % {it — Eﬂrﬁrl — rf} + %Aggﬂ (IS curve)
2. 7 = BEw[ 4 + kpwy (NKPC)
3. wfl = BEmf  + kY (0 + @) 2 — kENEGH + RENEGE + puf (high-skilled NKWPC)
4.l = BEwl 4+ KL (0 + @) 2 + kREMNIOH — RENEGE + 1] (low-skilled NKWPC)

5. Gf = —(1—3s) (nswf’ + (1 — ns)@f) (Consumption Gini coefficient)
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~H _ ~H H P H.E
LW =wly g = — Awy

oL _ L L _ P L.E
Wi =W +my =1 — Awy

C @ = swl + (1 — s)wf

cip = piie—1 + (1 — pi) (6x7) + ¢rxt) + 14 (Monetary policy rule)

xt:yt—yf
1
U = v (a+af) — 456

o+

E _ E
Ty = aAytJrl

H,E H
w; T =artoag

L.E L
w =art+ag

a; = pgai—1 + €} (Labor aggregation technology shock)

all = pgpall | + e?’H (Labor aggregation technology shock)
al' = porak | + € L (nigh-skilled productivity shock)

pil = ppptl | + € (low-skilled productivity shock)

pl = pruk | + €eF (low-skilled wage markup shock)

vy = pyvi—1 + €/ (Monetary policy shock)

& = peli—1 + ef (Labor Supply shock)
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Figure C.1: Dynamic responses to the positive technology shock
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Table C.1: Relative Welfare Losses
Scenario Productivity shock Markup shock
Aggregate High-skilled Low-skilled | High-skilled Low-skilled
Baseline 1 1 1 1 1
1 1.000873 1.051882 1.051621 1.017812 1.010268
2 30.951561 1.542624 4.387239 1.093651 1.079710
3 30.677522 2.246138 3.020883 1.022344 1.025460




Figure C.2: Dynamic responses to the positive high-skilled productivity shock
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Figure C.3: Dynamic responses to the positive low-skilled technology shock
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Figure C.4: High skilled wage markup shock
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Figure C.5: Low skilled wage markup shock
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Figure C.6: Role of labor market assumption: IRFs to a Monetary policy shock
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Figure C.7: Dynamic responses to positive technology shock
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Figure C.8: Dynamic responses to the low-skilled productivity shock
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Figure C.9: Dynamic responses to the high-skilled wage markup shock
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Figure C.10: Optimal responses to the positive technology shock
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Figure C.11: Optimal responses to the positive high-skilled productivity shock
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Figure C.12: Optimal responses to the positive low-skilled productivity shock
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Figure C.13: Optimal responses to the positive high-skilled wage markup shock
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Figure C.14: Optimal responses to the positive low-skilled wage markup shock
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