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MOTIVATION

» A baseline RBC model has two propagation mechanisms:
» The capital accumulation mechanism
» Intertemporal substitution in labor supply

» However,

... many RBC models have weak internal
propagation mechanisms and do not generate
interesting dynamics via their internal structure
(Cogley and Nason (1995)).

» How about multi-sector models?
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THIS PAPER

» A new internal propagation mechanism into a multi-sector
RBC model
» Two main ingredients
(i) Division of labor between two types of agents
(ii) Type-dependent consumption behavior
» How does the type of labor that individuals supply and
their consumption behavior interact in propagating the
economic shocks?
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(1) DIVISION OF LABOR

» Consumption Bundles # Production Activities

» Circular interaction: I can consume the good you produce
only if you demand the good I produce

» This is in addition to one that already present in GE
models with homogeneous agents.

» Arises because of the functional roles assumed through the
division of labor
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(11) TYPE-DEPENDENT CONSUMPTION

» Different consumption bundles contain different capital
contents

» As the consumption patterns change the average capital
intensity of the goods consumed changes as well
» Since the capital stock is the main driver and the only stock

variable in the model, this has first order effects on the
statistical properties of economic shocks
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MODEL OVERVIEW

v

Two types of agents: H, L

v

Two sectors: goods and services
Each agent specialize in one good:

» H produces capital-intensive good
» L produces labor-intensive good

v

v

Each type has a stronger desire to consume the good that
the other type produces
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MAIN MECHANISM

» Investment shock

» As high-skill agents are employed in a more capital
intensive sector, their productivities, and so their incomes,
increase relatively more initially

» They spend their additional income mostly on service
goods in which low-skill agents are specialized, so the
demand for the low-skill labor increases as well

» As their income rises, low-skill agents start consuming
relatively more basic goods, which in turn generates
additional demand for high-skill labor that is not related to
the original technology shock

» A circular interaction between the two types of agents
emerges
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RELATED STUDIES

» Homework models in macroeconomics Benhabib et. al (1991).

» Models with occupational choice based on comparative advantage
Chang (2000)

» Business cycle models of investment specific shocks: Greenwood et.al
(1988), Greenwood et.al (2000)

» Business cycles models with quality choice Jaimovic et. al (2015)

» Benhabib et. al (2006) discusses in detail how compositional effects may
play a significant role in the dynamic properties of aggregate variables
in the two, especially in the three-sector real business cycle models
provided that the factor intensities among the sectors are different
enough.

» Finally this paper addresses some of the issues, most notably raised by
Cogley and Naso (1995) related to performance of the real business
cycle models.
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MODEL OVERVIEW

» A continuum of identical families
— measure m of High-skill agents and 1 — m of Low-skill
agents
» Three consumption goods:
» Basic goods
Cot = AgiKyy “HJ
» Market produced services

Cmt = Ath}n?amLtam
» Home produced services

Cn = ncgt
» An Investment good

1 e—1 1 e—1 1—e
It = A[t <w§ Mgte + w,;Mmét >
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MODEL OVERVIEW

» Preferences

P
U(Cghcht:thNht) = 1 _1,}/ (Cf

146 \ 1=
_<1>2Nt
1+6

where C; is implicitly defined by the following relationships
Ct = min {Cq, §C§t}
! 1 97 o1
1= 3 Q°Cy” Cy°

je{hm}

» Preferences are type-dependent (suppressed)
D1, D24, 0, &y viy 04, €, i€ {h,(}

» The consumption aggregate is composed of two layers
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MODEL OVERVIEW

@, 146\ 1—v
U(Cet, Cpt» Cont, Niy) = Cr— &yt
(Cgt, Cut> Cut, Nigt) 177(t 21+9)

C; = min {Cy, £CY;
1 1 o—1
1= Y Q°C,7 C,°
je{hm}

» The first tier is between consumption of goods and services

Cy

Services Consumption

Goods Consumption Cyt
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MODEL OVERVIEW

@, 146\ 1=
U(Cqty Cpps Conts Npyp) = —— [ Cp — @5 L
(Cgts Cht> Cont s Npye) 1—“/<f 21+8)
Cy = min {Csf, 5C;,}

ei—o
I 1 I o—1
Z o~
1= Q]U Cs‘[ (‘][ 7
je{h,m}

» The second tier is between services Cy; and C,y

» Non-homothetic generalizations of CES preferences.
» Originally proposed by Sato (1975) and Hanoch (1975)
» Recently been used in the structural change literature
(Comin et. all, 2015; Matsuyama, 2017)
Interpretation of the parameters
» o: measures the elasticity of substitution between Cj; and Cy
> ¢ measures the income sensitivity of the share of
expenditures on the good Cy, j € {h,m}

v
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CROSS-SECTIONAL CONSUMPTION PATTERNS 1

P First Quintile ® Second Quintile @ Third Quintile
w0 ®

50 El ]

© ® “

Figure: The Shares of Necessities, Near-Luxuries and Luxuries by
Income Quintiles, 1989-2016. Source: Bureau of Labor Statistics, CES.
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CROSS-SECTIONAL CONSUMPTION PATTERNS 2

Survey paper Chai et.all. 2015 list three stylized facts on the
consumption behavior of different income groups:
Stylized Fact 1: At low income levels, spending diversity
is low as food expenditure dominates spending,
Stylized Fact 2: As household income grows, spending
diversity increases via reductions in the budget share of
food spending and increases in non-food expenditure,

Stylized Fact 3: Individual household spending becomes
more diversified as income rises.
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HoOow DO PARAMATERS MAP TO THE EVIDENCE?

o, NIt+e 1—~
U(C8f7 Cht, thNhf) = 1= ~ (Ct — @21 :'_ o

C; = min {Csh ngVt}
! 1 977 o1
1= > 97°G7 G°
je{h,m}

v

&: the share of expenditures on goods

v: how fast the share of services increases as the income
rises
}y,: the share of home produced services in steady state

v

v

en(em): how fast home (market) produced services expand
as the income rises

v
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HOUSHOLDS” PROBLEM

V(Ki, qi) = max {U() + BE V(Kt+1,Qt+1)}

{Cgt 3CotsComt 5Nt ,Npy It Jlt}

subject to

(@) Z PiCj + It = RyusKs + wetNot + wp Ny
je{ghm}

Kip1 = (1 — 0(u))Ke + Lge

Cit = Cijt + Cyjt, j € {g, h,m},

Chgts Chsts Cegt, Cest > 0,

given Ko .

(ii
(iii
(iv

(v

NN N N



Introduction Model Quantitative Experiments Extension and Conclusions

0000000 00000000 @00000 0000
I

QUANTITATIVE EXPERIMENTS

v

Reference: Greenwood, Hercowitz and Huffman (1988)

v

The investment shock g; follows an AR(1) process

gt = pqge—1 + ¢, vt~ N(0,07).

v

o7 =0.045and p = 0.52

7,0, o and (8 are also from GHH
m=1/2

w=07ande=0.1

Remaining parameters:

» Non-homotheticity: oy, €, €im, &, Vi ie{ht}
» Capital intensity: oy, ay,

v

v

v

v
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REFERENCE SCENARIO: GHH

2.00
0.96
2.50
2.50
0.71
0.71
142
0.70
0.10

6, 0.60
P 1.00
P 1.00
Q, 050
op 140
€nn 1.00
€nm 1.00
&n 1.00
vy 1.00

0.60
1.00
1.00
0.50
1.40
1.00
1.00
1.00
1.00

c/Y
/Y
K/Y

Kg /uK
Yo/Y
PuYm/Y
Uy /Uy

0.80
0.20
2.06
0.76
0.76
0.24
1.00
0.51
0.045

Table: Paramater Values and Ratios
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REFERENCE SCENARIO: GHH

USA GHH GHH Scenario

Std AR Corr Std AR Corr Std AR Corr
Output 3.50 0.66 1.00 3.50 0.66 1.00 3.50 0.66 1.00
Consumption 2.20 0.72 0.74 2.20 0.94 0.79 2.17 0.95 0.80
Investment 10.5 0.25 0.68 11.6 0.50 0.90 11.6 0.50 0.90
Hours 2.10 0.39 0.81 220 0.66 1.00 221 0.66 1.00
Productivity 220 0.77 0.82 1.30 0.66 1.00 1.32 0.66 1.00
Capital - - - 5.60 0.99 0.52 5.72 0.99 0.65
Utilization - - - 6.00 0.52 0.61 6.17 0.53 0.61

Table: Moments
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% 2.00 0y 0.60 0y 0.30 c/Y 0.80

B 0.96 D) 1.00 Dy 1.00 /Y 0.20

Ag 2.50 D)0 1.00 Do 1.00 K/Y 2.06

As 2.50 Q, 0.40 Qy 0.70 Kg /uK 0.62

o 0.66 oy 1.40 oy 1.40 Yo/Y 0.62

amn 0.80 €nn 0.90 €on 1.00 PuYm/Y 0.38

T 1.42 € 1.20 €om 1.00 Uy, /Uy 1.81

w 0.70 &n 0.70 &p 1.00 P 0.51

€ 0.10 vy 2.00 vy 1.00 o 0.045

Table: Paramater Values and Ratios



Introduction Model

Quantitative Experiments

Extension and Conclusions

0000000 00000000 000000 0000
USA GHH Mainn Scenario
Std AR Corr Std AR Corr Std AR Corr
Output 3.50 0.66 1.00 3.50 0.66 1.00 7.16 0.72 1.00
Consumption 2.20 0.72 0.74 2.20 0.94 0.79 6.14 0.80 0.99
Investment 10.5 0.25 0.68 11.6 0.50 0.90 12.21 0.57 0.94
Hours 210 0.39 0.81 220 0.66 1.00 6.32 0.74 0.99
Productivity 220 0.77 0.82 1.30 0.66 1.00 0.89 0.61 0.97
Capital - - - 5.60 0.99 0.52 6.95 1.00 0.69
Utilization - - - 6.00 0.52 0.61 7.71 0.51 0.64

Table: Moments
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EXTENSION: INCOMPLETE SPECIALIZATION

» Allow incomplete specialization
» Each household s € [0, 1] is endowed with a vector of
efficiency units: ey(s) and ej,(s)
» The same efficiency units at performing low skill jobs:
ee(s) =1,Vs.
» Heterogeneous skills in performing high skill jobs.

» The distribution of efficiency units (skills): f(s) = Ae™*
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OPTIMAL LABOR ALLOCATION

Cut-off Skill Level

e~ st

Low Skill ' High Skill



Introduction Model Quantitative Experiments Extension and Conclusions

0000000 00000000 000000 0000
I

MAIN MECHANISM

» Investment shock

» As high-skill agents are employed in a more capital
intensive sector, their productivities, and so their incomes,
increase relatively more initially

» They spend their additional income mostly on service
goods in which low-skill agents are specialized, so the
demand for the low-skill labor increases as well

» As their income rises, low-skill agents start consuming
relatively more basic goods, which in turn generates
additional demand for high-skill labor that is not related to
the original technology shock

» A circular interaction between the two types of agents
emerges
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CONCLUSIONS

» The imposed preference structure and the division of labor
generates significant amplification in the model

» Does not need to rely on intertemporal substitution of
labor-leisure

» Investment is not too volatile in comparison to other GHH
type of models

» Co-movement puzzle does not arise in the model

» On theoretical side main contribution of this paper:
imposing an empirically plausible restrictions on the
consumers’ behavior improves performance of
multi-sector models
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