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ABSTRACT OF THE DISSERTATION

Essays in Macroeconomics

by

Myung Kyu Shim

Doctor of Philosophy in Economics
University of California, San Diego, 2014

Professor Valerie A. Ramey, Chair

This dissertation consists of two papers in the field of Ma@ioor and one paper
in the field of global games. In particular, the first two claptfocus on studying why
the progress of job polarization has been different acnodgstries between 1980 and
2010 and the last chapter analyzes the interaction betvireprécision of exogenous
and market-generated information in coordination ecoesmi

The first chapter empirically explores the relationshipasetn job polarization
and interindustry wage differentials. By using the U.S. €imnand EU KLEMS data,
we find that the progress of job polarization between 1982808 was more evident in
industries that initially paid a high wage premium to work#ran in industries that did
not. We argue that this phenomenon can be explained as a dyresponse of firms
to interindustry wage differentials: firms with a high wagemium seek alternative
ways to cut production costs by replacing workers who parfasutine tasks with In-
formation, Communication, and Technology (ICT) capitaheTreplacement of routine
workers with ICT capital has become more pronounced as ibe pf ICT capital has
fallen over the past 30 years. As a result, firms that are cainsd to pay a relatively
high wage premium have experienced slower growth of empémytrof routine workers

than firms in low-wage industries, which led to heterogsni@ijob polarization across

Xi



industries.

Then the second chapter proposes a theory that unveils ttieamism underly-
ing the close relationship between job polarization anérintlustry wage differentials,
which is studied empirically in the first chapter. In partasywe develop a two-sector
neoclassical growth model with three key features. Firgtustries differ in the wage
rates they pay to workers. Second, routine workers areivelatibstitutes for capital
while non-routine workers are relative complement to @pitast, there is an exoge-
nous investment-specific technology change. Main premistiof the model are that
(1) job polarization is more evident and (2) capital-roatimorker ratio increases more
in the industry that pays higher wages to workers when theeas iinvestment-specific
technology change, which are consistent with the empifigdings in the first chapter.

In the last chapter, we study the interaction between theigom of exogenous
and market-generated information in a class of economieeviirms display coor-
dination motives in presence of dispersed information ahéres the outcome of the
coordination is traded in a competitive asset market arl@s&nan and Stiglitz (1980).
We show that when more private information is injected indberdination economy the
equilibrium asset price becomes less informative. To slase¢he relevance of our re-
sult we present an application to a problem of endogenouosirdtion choice where the
“Knowing What Others Know” property of information acquisn derived by Hellwig

and Veldkamp (2009) breaks down in presence of market-geggeimformation.
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Chapter 1

Interindustry Wage Differentials,
Technology Adoption, and Job

Polarization: Empirical Analysis

Abstract. This paper empirically explores the relationship betwedngolariza-
tion and interindustry wage differentials. Using the U.8n8us and EU KLEMS data,
we find that the progress of job polarization between 198@&0& was more evidentin
industries that initially paid a high wage premium to woskéran in industries that did
not. We argue that this phenomenon can be explained as a dyresponse of firms
to interindustry wage differentials: firms with a high wagemium seek alternative
ways to cut production costs by replacing workers who perfosutine tasks with In-
formation, Communication, and Technology (ICT) capitaheTreplacement of routine
workers with ICT capital has become more pronounced as ibe pf ICT capital has
fallen over the past 30 years. As a result, firms that are cainsd to pay a relatively
high wage premium have experienced slower growth of empémyraf routine workers
than firms in low-wage industries, which led to heterogenieijob polarization across

industries.



1.1 Introduction

The structure of the labor market in the U.S. has changedatreafly over the
past 30 years. One of the most prevalent aspects of the changle polarization:
employment has become increasingly concentrated at tiseofathe skill distribution,
while there has been a decrease in employment in the middreedfistribution. This
hollowing out of the middle has been linked to the disappsagaof jobs that are fo-
cused on routine tasks that can be easily replaced by machimethe U.S., routine
occupations accounted for arou6d percent of total employment in 1981, while this
share fell to44 percent in 2016.

While many previous studies have examined job polarizadiahe ‘aggregate’
level (see Goos et al. (2009), Acemoglu and Autor (2011)t&€3q2014), and Jaimovich
and Siu (2013)), the extent of job polarization differs asrondustries (see Autor et al.
(2003), Goos et al. (2013), and Michaels et al. (2013)). fedul shows changes in
employment share by industry between 1980 and 2009. In theefigvhich we use
the U.S. Census data, the horizontal axis denotes thregaittonal groups (each occu-
pational group includes 16 industries and one aggregatabla) and the vertical axis
denotes the change in employment share of a specific oconpagroup in each indus-
try between 1980 and 2009. This figure demonstrates thatgtaivipation is more pro-
nounced in some industries than others. For instance, ttreae in the employment
share of routine occupations is large in manufacturing, mmamcation, and business
related services, while the decrease is much smaller ispatation and retail trade.

This paper, contrary to other studies that focus on heteegein production
functions across industries (Autor et al. (2003), for inst), provides a new perspec-
tive to understand heterogeneity in job polarization. Wgiarthat ‘interindustry wage
differentials’, the phenomenon that observationally egj@nt workers earn differently
when employed in different industries, are a key source tdrbgenous job polariza-
tion across industries. Figure 1.2, using the U.S. Cendiasastal American Community
Survey (ACS), shows the relationship between job polaoradand industry wage pre-

mium; high-wage industries in 1980 experienced large deslin the share of routine

LAs emphasized by Autor (2010), Goos et al. (2009), and Misheteal. (2013), job polarization is
not restricted to the U.S.; several European countries égperienced job polarization as well.
2Numbers are calculated from the March Current Populatiowesu



workers between 1980 and 2009. i.e. job polarization wasrneaident in the high-

wage industries.

in Employment Share 1980-2009

Changes

I I
Non-Routine Cognitive Routine Non-Routine Manual

Change in Share of Routin Occupation (1980-2009)

T T
0 .2 4 .6 .8 1
Industry Wage Premium (1980)

Figure 1.2: Job Polarization and Interindustry Wage Défdials

We hypothesize a story to understand the relationship egtyadbd polarization

and interindustry wage differentials as follows. Noticattinterindustry wage differ-

3In the following figures with a circle, the size of a circle dé®s the employment level of each
industry in 1980.



entials imply that labor cost, product of employment (hauosked) and wage, is high
for some industries to produce same amount of goods. As &,réggh-wage firms
have incentives to cut production cost. However, as is esipbd by Borjas and Ramey
(2000), inter-industry wage structure is very persistéfence, as firms cannot adjust
wages relative to those paid by other firms as they would vastot they try to change
their demand for labor instead of changing wage structureymamically substitute
labor with other production factors (eg. capital). This dgmc effort of the firm, how-
ever, affects workers in a disproportionate way because smtupations are more easy
to replace by other production factors. In particular, le@ioccupations will decrease
more intensively because they can be replaced easily bynafiton, Communication,
Technology (henceforth, ICT) capital, which results ingmegenous job polarization
across industries.

We then formally test our hypothesis using U.S. Census an&kBEMS® data.
Several findings emerge from the empirical analysis. Kirste find that the average
growth rate of routine employment between 1980 and 200%dsed by).42 percent
when the initial industry wage premium in 1980 was higherlbypercent, which is
strictly greater than the estimates for non-routine octiapa in absolute terms. In
other words, job polarization was more apparent in the lglge industries. We also
find that ICT capital per worker grew more rapidly in high-wagdustries; as the initial
industry wage premium increased by percent, the annualized growth rate of ICT
capital per worker between 1980 and 2007 increase(l 3iypercent. We further find
that the estimate for non-ICT capital per worker is much lothian the estimate for ICT
capital per worker. This is consistent with non-ICT caplialng a complement to all
types of workers.

This study contributes to the existing literature on jobapiziation by aiding
understanding of heterogeneity in job polarization acnedastries and its mechanism.
In particular, this paper provides the first empirical evicethat polarized employment
is connected with interindustry wage differentials.

The paper is organized as follows. Section 1.2 introducesk®y concepts,

4This hypothesis is formalized with a two-sector neocladsicowth model in the companion paper,
Shim (2014).
SKLEMS stands for capital (K), labor (L), energy (E), matésiéM), and service inputs (S).



interindustry wage differentials and job polarizationgddhnen explains the link between
them, with reviews of related papers. Section 1.3 desctibeslata, while Section 1.4

presents empirical tests of the model’s predictions. 8e@i5 concludes.

1.2 Link between Job Polarization and Interindustry Wage

Differentials

In this section, we introduce interindustry wage differaistand job polarization

in detail, with reviews of related studies, and explain thk between them.

1.2.1 Interindustry Wage Differentials

Persistent dispersion in wages across industries, whicbféred to as ‘in-
terindustry wage differentials’ or ‘industry wage premiaterchangeably, has been one
of the most challenging subjects in (competitive) laborreroics. In order to under-
stand why it is so puzzling from the perspective of competitabor market equilibrium
theory, it is useful to consider two workers with the sameeoisble socio-economic
characteristics (including education, age, race, ocompategion, and sex), but who
work in different industries. Then, wages should be (attleathe long run) the same
between the two workers in equilibrium. If wages differ, arlsgr in a low-wage in-
dustry will attempt to find a job in a high-wage industry; inuddprium, this increases
(resp. decreases) labor supply to high- (resp. low-) wadeasitmies, and hence wages
will be equalized in a competitive labor market. This notibowever, of a competi-
tive labor market is not supported by the data; for instaaceprker employed in the
petroleum-refining industry earned abautpercent more than a worker employed in
the leather-tanning and finishing industry in 1984 aftertaahng for all observables
(Krueger and Summers (1988)). On top of that, the wage digpers not a transitory
perturbation from the competitive equilibrium. To demaoat this, we compute the
industry wage premia in 1980 and 2009 separately with a &giage equation, which
regresses log wage over various socio-economic charstaterand industry fixed ef-
fects, and draw a scatter plot of the two sets of industry fedekcts in Figure 1.3. It

then becomes apparent that industries that paid relatinglywages in 1980 also paid
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high wages in 2009, which implies that the structure of inghstry wage differentials
is highly persistent. We also find, as Dickens and Katz (1880w, that an industry
variable has been a consistently important factor in erpigiwage differential$.

Since the focus of our paper is to study the ‘consequenceasterindustry wage
differentials, we simply point out that both our model andpansal results are based on
non-competitive labor market theories of industry wagerpee not on the competitive

labor market theory. While there have been many studies focusing on the causes of

6We run the wage regression (1.1) for different periods (12890, 2000, and 2009) and compute the
explanatory power of the wage equation with and without stidudummies, following Dickens and Katz
(1987). Results are reported in Table 1.11. In particdlgrercent tol6 percent of the wage variation
is explained by industry. The sum of the explanatory powpored in the second and third row is not
equal to the value reported in the first row since industries eovariates are not exactly orthogonal
(Dickens and Katz (1987)). Interestingly, the explanafmwer attributable to the industry is very stable
and substantial over time, which implies that industry dtidae considered as an important factor in
explaining wages.

"For example, ‘unobserved ability of workers’ (Murphy ang&(1987)) is consistent with the com-
petitive equilibrium theory. Krueger and Summers (1988)j& and Ramey (2000), and Blackburn and
Neumark (1992), however, find evidence against this thdorynstance, Blackburn and Neumark (1992)
show that their measure of unobserved ability (test scaras)account for only about one-tenth of the
variation in interindustry wage differentials. Given tlia¢ competitive model cannot explain the industry
wage premia well, we focus on non-competitive models. Tlieseries include the rent-sharing model
(Nickell and Wadhwani (1990), Borjas and Ramey (2000) anchtgomery (1991)) and the efficiency
wage model (Walsh (1999) and Alexopoulos (2006)).



interindustry wage differentials, to our knowledge, thexésts only one paper, Borjas
and Ramey (2000), which studies their consequences. Bamgd$amey (2000) find
that industries that paid relatively high wages to workar$960 experienced (1) lower
employment growth, and (2) a higher capital-labor rationgloand higher labor pro-
ductivity growth between 1960 and 1990. Our findings on therogenous effects of
firms’ dynamic responses to interindustry wage differdsiistinguish our paper from
that of Borjas and Ramey (2000); while they focus on the ‘aget effect of interindus-
try wage differentials on workers, our findings emphasieanmportance of considering

heterogenity across different workers (occupations)udiss of the labor market.

1.2.2 Job Polarization

To be consistent with the job polarization literature, utthg Autor (2010),
Acemoglu and Autor (2011), and Cortes (2014), we classifyupations into three

groups as follows:
e Non-routine cognitive occupations: Managers, Profesdgmand Technicians.

e Routine occupations: Sales, ‘Office and administratid?roduction, crafts, and

repair’ and ‘Operators, fabricators, and laborers’.

e Non-routine manual occupations: Protective servicespdHareparation, build-

ing and grounds cleaning’, and ‘Personal care and persenatss’.

Using the March Current Population Study (CPS) between 39d1201¢° we
plot Figure 1.4 to show job polarization graphicatywhile the employment share of
non-routine cognitive (henceforth cognitive) and nontio& manual (henceforth man-
ual) occupations have grown over time, that of routine oatiops has decreased.

One intuitive reason behind job polarization, which is d@lsportant to under-
stand our findings, is that the skill (task) content of eaatupation is different. Among
the three groups, routine occupations are the easiestlaxedpy ICT capital, as demon-

strated by Autor et al. (2003); the tasks that workers witltire occupations perform

8Data were extracted from the IPUMS website: http://cpsuipiorg/cps (see King et al. (2010)).
We apply the method of ‘conversion factors’ to obtain coesisaggregate employment series. See
Shim and Yang (2013) for detailed discussion on the meth@do¥ersion factors.
10The shaded regions are the official NBER recession dates.
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Figure 1.4: Job Polarization
Source: The March CPS.

are easier to codify than other tasks because the tasks twatveer procedures. Mean-
while, cognitive and manual occupations are not easilyaagd by ICT capital. For
instance, business decisions of managers (cognitive atioms) cannot be replaced by
technology; introduction of technology, such as advanoétvare, does not substitute
for these managers, rather it is a complement to their tdsksldition, people involved
in cooking, or cleaning buildings (manual occupations)ncarbe directly replaced by
machines; these jobs require humans to do non-routine rhtasks. Instead, a great
portion of the tasks that a bank clerk performs, which aréughed in routine occupa-
tions, are easily replaced by an ATM; deposits and withdlswaee routine tasks, and
machines can perform these tasks more efficiently than hsintdence, these jobs dis-
appear over time as the economy experiences rapid techcal@gogress in ICT-type
capital’! Consistent with this story, Figure 1.5 shows that investrsgecific tech-

nological changes have mainly occurred for ICT capitaleathan for other types of

1As we mentioned earlier, ‘offshorability’ is also highenr fmutine occupations than for cognitive
and manual occupations. Most of the service jobs (manualpatons) are not tradable and occupations
that require non-routine cognitive tasks are not easilgtaffed while factories can be relatively easily
relocated to foreign countries.



capital so that the relative price of ICT capital has dedinmere rapidly since 197%.
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Figure 1.5: Growth Rate of Investment-Specific TechnolalgZhanges

Source: Data from Cummins and Violante (2002).

A few papers have studied the possibility of heterogendop@arization across
industriest* Acemoglu and Autor (2011) argue that changes in industdaifosition
do not play an important role in job polarization. Jaimovasid Siu (2013) and Foote
and Ryan (2012) note that job polarization may be more proced in the construction
and manufacturing industries. While Autor et al. (2003) &@ubs et al. (2013) also
consider possible differences in job polarization acrasgsistries, they do not consider
wage differentials as the source of heterogeneity. Ratiney,assume different produc-
tion functions across industries. Michaels et al. (2013)ss relevant to our study: they
show that industries with a high growth rate of ICT capitahiex more pronounced
job polarization in terms of the shifting of wage bills fromiddle-educated workers
to highly-educated workers. Our paper, however, diffeognfithat of Michaels et al.
(2013) in two ways. Firstly, they consider different edimaigroups while we instead

consider different occupation groups. This distinctiorkesa difference in the subse-

12The timing that the growth rate of investment-specific tetbgical changes increases does not per-
fectly match the occurrence of job polarization, which igalfy said to be after 1980. Consistently with
this timing problem, we show in Section 1.4.3 that job pdation also occurred, while the magnitude
was small, before 1980.

13Some recent papers, including Mazzolari and Ragusa (2@189y et al. (2013a) and Autor et al.
(2013b), analyze job polarization at the local labor makéeg!.
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guent analysis since ‘employment’ polarization is not obseé when we use educational
attainment to classify workef4.Secondly, while Michaels et al. (2013) found a positive
relationship between the growth rate of ICT capital and thgrele of job polarization,

they do not link them to interindustry wage differentials.

1.2.3 Job Polarization and Interindustry Wage Differentials: Link

Our key contribution is to understand the role of interirtdp/age differentials
and the different ‘task content’ of occupations. Cost oflals the product of wage
and employment, and it is not possible for high-wage firm&thuce the wage gap with
low-wage firms because of the rigid wage structure by whigly ere constrained. As
a consequence, the only way to respond to a high labor costadjtist employment
over time and this can be achieved by hiring alternative pctidn factors, as Borjas
and Ramey (2000) found.

In particular, as technology improves, the price of ICT tapdbecomes lower,
and firms with incentives to adjust employment will decreatative demand for routine
workers by replacing them with ICT capital. As a result, firms high-wage industry
will experience more evident job polarization as the denfantbutine workers declines
more in these firms. In addition, the ICT capital-labor ratges by a greater amount
than in a low-wage industry since more ICT capital is introgllito substitute for routine
workers.

In summary, our hypothesis on the different degrees of jdarpation across
industries is as follows. Since firms cannot adjust wagedivel to those paid by other
firms as they would wish to do, they dynamically substituteolawith capital. In par-
ticular, routine occupations will decrease more interigiecause they can be replaced

easily by ICT capital, which results in heterogenous jolapmation across industries.

4In Figure 1.13, we plot the employment series by each edaratgroup, following Michaels et al.
(2013).
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1.3 Data

There are two main sources of data for this paper: (1) therohegkeCensus
and American Community Survey (henceforth, ACS) datand (2) the EU KLEMS
data. Following Borjas and Ramey (2000) and Acemoglu and®A(#011), we use
the 1960, 1970, 1980, 1990, and 2000 Census and the 2006, 202009 ACS. As
Acemoglu and Autor (2011) note, the relatively large sangie of the Census data
makes fine-grained analysis within detailed demograptocigs possiblé® We drop
farmers (and related industries) and the armed forces. #\gestricted to 16 - 64 and
we only consider persons employed in wage-and-salaryrseciable 1.7 in Appendix
1.6 describes the industry classification used in the aisalys

The second data set, EU KLEMS, has information on value addédr, and
capital for various industries in many developed countileduding the U.S.. The EU
KLEMS is useful since it provides detailed information orpital: in the data, capital
is divided into two parts, ICT capital and non-ICT capital,v8e can analyze the roles
of different types of capital in a firm’s behavior. In partiay we use U.S. data between
1980 and 2007, where industries are defined according to dnth Mmerican Indus-
try Classification System of the United States (hencef?kCS). Since the industry
classification is different from the Census data, we redlagslustries to be consistent
between the Census and the EU KLEMS data. Table 1.9 in Appdn@idescribes the
industry classification for the EU KLEMS data used in the gsial

In order to overcome the inconsistency problem of occupataxles due to the
frequent changes in occupation coding in the CPS and tormhst consistent occupa-

tion series,’ we use the ‘0cc1990dd classification system’, following m009).

1.4 Empirical Analysis

In order to formally test the our hypothesis, we first esteriatiustry wage pre-

mia as follows.

5Data were extracted from the Integrated Public Use Micra&atries (henceforth, IPUMS) website:
https://usa.ipums.org/usa (Ruggles et al. (2010)).

161n determining the size of the sample, we follow Acemoglu Aator (2011): 1 percent of the U.S.
population in 1960 and 1970 and 5 percent of the populatid®80, 1990, and 2000.

17For detailed discussion on the inconsistency issue, see 2009) and Shim and Yang (2013).
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log wpit = XnitBe + wir + €nit (1.1)

wherewy,; is the wage rate of worker in industry: in Census yeat; X;;;, a vector
of socio-economic characteristics, includes the workags (there are five age groups:
16-24, 25-34, 35-44, 45-54, or 55-64), educational attaimr(there are five educational
groups: less than nine years, nine to 11 years, 12 years, 18 tears, or at least
16 years of schooling), race (indicating if the worker isiééin-America®®), sex, and
region of residence (indicating in which of the nine Censggans the worker lives). We
also control for three occupation dummies (cognitive, irejtand manual occupation
groups).w;;, an industry fixed effect, measures the industry wage premia

The result of equation (1.1) in 1980 is reported in Table hd@the coefficients
are estimated to be consistent with the usual intuition: fticAn-Americans earn less,
2. wages are strictly increasing in education, and 3. walgegiae in ages until workers
reach prime age, and then decrease slightly. After we olit@iestimated coefficients
for 60 industry fixed effects from equation (1.L),, we estimate the second-stage re-

gression as follows:

Ayije = 0;0i + Mijie (1.2)

wherey;;, is the variable of interest such as employment of occupaionp; in in-
dustryi.t® Ay,j; is the annualized (average) growth rateygf between period and
t + k, andj € {cognitive, routine, manual}. The average growth rate i8y;;; =
(log(yij+x) — log(vize)) /k. We estimate equation (1.2) separately for cognitive, rou-
tine, and manual occupations.

Note that we use the estimated valug, as a regressor in the second-stage re-
gression, which raises a concern about the generated segga®blem. In particular, it
is possible that the error term in equation (1.2) is hetexdastic. In order to address this
issue, we weigh the regression by the initial (i.e., 1980pleyment of each industry.
In addition, the large sample size of the Census data wedkengenerated regressor

problem - there are at least000 observations in each cell of occupatigrn indus-

18Further classification is not possible in our data.
91n this casey;;: = ki+/Nit, since capital is not occupation-specific.



13

try i in Census year.?° Furthermore, in order to address the potential endogenéity
the wage premium and to account for the generated regressidem, we also use the

previous decade’s estimated industry wage premium as gminental variable (V).

1.4.1 Job Polarization: Link to initial wage premium?

In this section, we analyze if firms’ dynamic responses terintlustry wage
differentials have caused different degrees of job padion across industries. Suppose
that, contrary to our argument, there is no link betweerrimtieistry wage differentials
and job polarization. Then, the coefficients ®p estimated by equation (1.2) would
not differ from each other, i.e., the subsequent employmeawth of each occupational
group does not react differently to interindustry wageeat#éhtials. If our hypothesis is
right, however, we should obseri&| > |6/, |0.,] andf, < 0, wherer are routinec
are cognitive, andh are manual occupations, respectively.

Figures 1.6 to 1.8 show graphically how initial industry weggemia are related
to the subsequent employment growth of each occupatiooapgiThe horizontal axis is
the 1980 industry wage premium, which is estimated usingegu (1.1). The vertical
axis denotes the average employment growth rate of eaclpatonal group by industry
between 1980 and 2009. We can observe that the slope of #klfite is the steepest
in Figure 1.7, which supports the hypothesis that firms withtwages changes their
demand for labor more dramatically and it mostly affectdireuworkers. Interestingly,
Figure 1.8 shows that there is no relationship betweeralnitdustry wage premia and

subsequent employment growth in manual occupations. Weattirn to this issue later.

Table 1.1: Estimates of Employment Growth by Occupationupsa1980-2009)

OLS v
Occupation Groups Coefficient R-Squared Coefficient R-8mla
Total —0.0381"**(0.0073) 0.24 —0.0331***(0.0069) 0.24
Cognitive Occupations —0.0252***(0.0071) 0.14 —0.0197**(0.0066) 0.13
Routine Occupations —0.0421***(0.0090) 0.21 —0.0412"**(0.0086) 0.21
Manual Occupation ~ 0.0117(0.0137) 0.03 0.0206*(0.0114) 0.13

Note: Robust standard errors are reported in parentheSeg. < 0.01, ** p < 0.05,* p < 0.1.

20For more detailed discussion on the generated regressoieprpsee Wooldridge (2001).
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Figure 1.6: Dynamic Responses of Firms to Interindustry $\dferentials - Cognitive

Occupations

Source: The U.S. Census and American Community Survey (ACS)
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Figure 1.7: Dynamic Responses of Firms to Interindustry &\Rdferentials - Routine

Occupations

Source: The U.S. Census and American Community Survey (ACS)

The main empirical finding with 60 industries based on equetl..2) is reported
in Table 1.1. The first row reproduces Borjas and Ramey (2t different period,
1980-2009, where the dependent variable is the averageidhned) growth rate of
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Employment Growth of Manual Occupation (1980-2009)
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Figure 1.8: Dynamic Responses of Firms to Interindustry 8\gferentials - Manual

Occupations

Source: The U.S. Census and American Community Survey (ACS)

aggregate employment for industry In the second, third, and fourth rows, we report
the estimation of equation (1.2), where the dependentblaria the average growth rate
of employment for occupatiofin industry: between 1980 and 2009.

When estimating equation (1.2) for each occupation, th&lnndustry wage
premium does not vary by occupations: i.e., in this case nbdestry wage premium
(wi.1080) does not depend on occupations. In this sense, the regnessiults reported
in Table 1.1 reveal how ‘average’ industry wage premia aftbtferent occupational
groups in a distinct manner.

The IV estimates are also reported in Table 1.1. Both thenarglileast squares
(henceforth, OLS) and IV regressions yield similar coedints, which implies that mea-
surement errors in the estimateg and the generated regressor problem are not severe.
The estimate reported in the first row confirms the robustoésise main finding of
Borjas and Ramey (2000) in the sense that their finding is@iserved in a different
period?! Firms with high initial industry wage premia see larger retibns in demand
for labor over time, which is in sharp contradiction to thengeetitive equilibrium the-

ory. The annualized growth rate of total employment betwi380 and 2009 decreased

21Borjas and Ramey (2000) use Census data between 1960 and 1990
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by 0.38 percent when the initial industry wage premium in@8&reased by 10 per-
cent. For the competitive equilibrium theory to be suppbidy data, the estimated
coefficients should be positive, but the results in Tableshdw the opposite sign.

The estimated coefficients reported in the second to fooxtis in Table 1.1 are
consistent with Figures 1.6 to 1.8. The average growth rateutine employment be-
tween 1980 and 2009 decreased by 0.42 percent when théimdustry wage premium
in 1980 increased by 10 percent, while the average growglofatognitive employment
decreased by 0.25 percent. That is, the coefficient for thém® occupation group is
negative and the highest in absolute value. The coeffic@rthk cognitive occupation
group is also negative, and is still statistically significavhile it is much smaller than
the coefficient for the routine occupation group. Furtheiemohe OLS estimate con-
firms that the initial industry wage premium does not have sigpificant impact on
the subsequent employment growth rate of the manual odoapgioup, as we observe
from Figure 1.8.

We test if these coefficients are significantly differentifireach other. The test
statistics reported in Table 1.2 confirm our hypoth@siat the5 percent significance
level, 6, is not equal to eithef, or 6,,23, and hence the firm’s response to the initial
industry wage premium is not uniform across different oatigms. In summary, rou-
tine occupations are more affected by the firm’s decreasibgrildemand than are the
cognitive and manual occupation groups. Our findings rekesie the importance of

recognizing the heterogeneity of workers (occupationsjuiies of the labor market.

Table 1.2: Differences between Coefficients (1980-2009)
p-value (OLS) p-value (IV)
Null: 6, = 6, 0.042 0.008
Null: 6,, = 6. 0.007 0.000

One might raise concerns that the results might be exaggkbgtthe great re-

2270 test whether the coefficients in Table 1.1 are signifigadifferent from each other, we pool
cognitive, routine, and manual occupational data and estitthe coefficients for the interaction terms of
routine occupation x industry wage premium and manual cattoip x industry wage premium (omitting
the interaction terms of cognitive occupation x industryg@aremium) in one regression (where standard
errors are clustered by industry) instead of running a s=jo@ separately for cognitive, routine, and
manual occupations.

239, is greater tha,. in absolute terms and hendk,is different fromé,,, from the second row of the
table.
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cession that occurred at the end of 2007, which dispropuaately affected employment
of routine occupations (Jaimovich and Siu (2013)). In otdeaddress this issue, we
estimate the same regression with a sample period betwehak®l 2007, which is

reported in Table 1.3. The results are almost identical ¢s¢hreported in Table 1.1:
the subsequent employment growth of routine occupatiotsdsn 1980 and 2007 is
still decreasing in the initial industry wage premium argddbefficient is the greatest in
absolute terms. In Table 1.12, we also conduct the sameisgaevith a sample period

between 1980 and 2006 and the results are largely unaffbgttds change.

Table 1.3: Estimates of Employment Growth by Occupationupsa1980-2007)

OoLS v
Occupation Groups Coefficient R-Squared Coefficient R-8mla
Total —0.0431"*(0.01) 0.23 —0.0369"**(0.0093) 0.22
Cognitive Occupations —0.0259***(0.0083) 0.12 —0.0195***(0.0076) 0.11
Routine Occupations —0.0412***(0.0097) 0.18 —0.0387***(0.0095) 0.18
Manual Occupations  —0.0005(0.0154) 0.00 0.0105(0.0136) 0.00

Note: Robust standard errors are reported in parentheSeg. < 0.01, ** p < 0.05,* p < 0.1.

In addition, as a robustness check for using the same irydwatyge premium for
different occupation groups, we also consider an occupapecific industry wage pre-
mia, denoted as;;;, which is the wage premium of occupatigim industry:. Suppose
that routine occupations are paid more highly than cogmniéimd manual occupations
in the high-wage industry. Then, it becomes natural for firmshis industry to re-
duce their demand for routine occupations simply becawesedte paid more than other
occupations; we call this narrative the ‘relative pricepmnation. The ‘task-based’
explanation may not be appropriate if the relative pricelaxgtion is true (while the
property of tasks required by routine occupations may ecddme firm’s dynamic re-
sponses to interindustry wage differentials, it may not bie first order). In order to

address these issues, we estimate the following alteenatige equation:

log whit = XpitBy + wir X VY +Enig (1.3)
o
wherew;, is the industry fixed effect and;, is the occupation fixed effect. Thus;, <1,

is the interaction of each industry premium and each ocaupdtimmy. We call this the
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‘occupation-specific industry wage premium’. In this alt&ive wage equation, we do
notinclude the own fixed effect terms; andq;,. By regressing the above equation, we
obtain information about the extent to which an occupatiaug in a specific industry
earns more than the same occupation group employed in oithestries, and this also
allows for within-industry comparisons of the wage premia.

Figure 1.9 depicts occupation-specific industry wage paelyi industry. The
horizontal axis denotes industries in order of size of theaye industry wage premium.
In order to see how the average industry wage premiumdnd the occupation-specific
industry wage premiumd;;) are related, we sort industries by the initial industry eag
premium in ascending order. To the left, there are low-wagstries, such as hotels
and lodging places, and to the right, there are high-wagesimnig¢s, such as mining or
investment. All values are estimated in 1980, which is tlieresce year of our study.

Figure 1.9, which we use the U.S. Census and American Contyn8arvey
(ACS), shows that the occupation-specific industry wagenprm rises almost mono-
tonically in the average industry wage premia for cognit@red routine occupation
groups, while there is much variation in the manual occapasipecific industry wage
premium. This is one of the reasons that the effect of thesgesindustry wage premium
on the manual occupations is almost negligible; even whersfface relatively higher
industry wage premia, firms may not pay high wages to workédrs perform manual
tasks; i.e., even in the high-wage industries, people eyeplan manual occupations
are not paid much relative to those employed in low-wage strtks. For example,
the ‘security, commodity brokerage, and investment congsaimdustry’ (on the right
in Figure 1.9) paid manual occupation workers less tharecuitew other industries.
As a result, the wage pressure from the manual occupatiarpgsonot large for firms
compared to that for other occupation groups. Therefommsfinave less incentive to
decrease their labor demand for manual occupations whergfagh wages, which is
represented by the insignificant coefficient reported indahl.

Note again that the findings in Table 1.1 offer two explanaiolhe first is the
‘task content’ explanation: as routine jobs can be easiyaed by other production
factors, demand for routine occupations is more sensitivité initial industry wage

premium. The second argument is the ‘relative price’ exgti@am: if the routine oc-
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Figure 1.9: Occupation-Specific Industry Wage Premium
Note: We order industry by the industry wage premium obthimgequation (1.1).

cupations are paid more than other groups after we contrahttustry, firms would
decrease their demand for the routine occupation groue $ims group is actually the
most expensive production factor. The latter explanatieakens our preferred story
that links job polarization and interindustry wage diffetials. Figure 1.9, however,
shows that the ‘relative price’ explanation is not suppiiig the data: in any industry,
we observe that;.; > w;+ > wimt, Which means that the cognitive occupations are paid
the most, followed by the routine and manual occupationsicdewe can exclude the
possibility that the subsequent employment growth of reuticcupations is lower than
other occupation groups because they were paid relativehg than other group.

As arobustness check, we estimate the same second-staggsieg with a dif-

ferent dependent variable, the changes in employment st@aaecupation groups. As

240ne interesting finding is that the slope of the line in Figlr@ is steeper for routine occupations
than for cognitive occupations. In the end, the gap betwbercbgnitive occupation-specific industry
wage premium and routine occupation-specific industry prembecomes almost zero. This fact implies
that while cognitive occupations are paid more than routioeupations, there is a tendency for high-
wage industries to actually pay relatively more for the meibccupations than low-wage industries. This
feature may have a ‘price’ effect on our estimates, but gitex the level of the cognitive occupation-
specific industry wage premium is highest for any industiy,de not analyze this further, since its effect
may be limited.
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shown in Table 1.1, the employment growth of routine ocdopathas been lower than
that of cognitive and manual occupations for the last 30geds a result, the em-
ployment share of routine occupations has declined whaestiare of at least one of
either the cognitive or manual occupations has increaskeds, we should observe that
(1) the change in employment share of routine occupationegsitively related to the
initial industry wage premium and, (2) the change in emplegtrshare of cognitive or
manual occupations is (weakly) positively related to theahindustry wage premium.
In estimating equation (1.2), we s&ly;;; = es;; .+ — €sij., Wherees;;; is the employ-
ment share of occupatignin industryi att, where the number of industriesds and

t = 1980. Table 1.4 summarizes the results of the alternative esbmalV estimates

are also reported in Table 1.4. The overall result is, nqirssingly, quite similar.

Table 1.4: Estimates of Employment Share by Occupation @& ¢1980-2009)

oLS v
Occupation Groups Coefficient R-Squared Coefficient R-8mla
Cognitive Occupations  0.0076(0.0802) 0.00 0.0119(0.0808) 0.00
Routine Occupations —0.1833***(0.0572) 0.19 —0.2421**(0.0599) 0.16
Manual Occupations  0.1306(0.0960) 0.13 0.1813**(0.0797) 0.11

Note: Robust standard errors are reported in parentheSeg. & 0.01, ** p < 0.05,* p < 0.1.

Firstly, the employment share of routine occupations desge more in indus-
tries with a high initial wage premium, which is consistenthathe fact that the sub-
sequent employment growth of the routine occupation groegredses in the initial
industry wage premium during 1980-2009. Secondly, thefmoeft for manual occu-
pations is now much greater than zero in both the OLS and IYessipns, while the
coefficient for cognitive occupations is estimated to beaahzero. This is because (1)
the negative responsiveness of the employment growth afiteg occupations to the
initial industry wage premium was not large compared to tfabutine occupations,
and (2) there was basically no correlation between the suigse¢ employment growth
of manual occupations and the initial industry wage premi@milarly to Table 1.2,
we find that the coefficient for routine occupations is statdly different to that for

cognitive occupations.
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1.4.2 Has ICT capital been substituted for workers?

We now test another dimension of our hypothesis: ICT capgalworker grows
more in high-wage industries than in the low-wage industrighis is because (1) routine
workers are substituted by ICT capital and (2) overall desrfan labor declines more
in the high-wage industries. In addition, we also test if gnewth rate of ICT capital
per worker is different from that of non-ICT capital per werk If non-ICT capital is
general-purpose capital when compared to ICT capital, hveidostitutes for routine
workers, the coefficients from the regression would be lolwemon-ICT capital per
worker than for ICT capital per worker.

Notice that the growth rate of the capital level may not beatiggly related to
the initial industry wage premium. If the size of an industhyinks as labor demand
decreases, capital demand itself might also decreasee Hate at which the demand
for capital decreases is lower than the rate at which the ddrfoa labor decreases, the
resulting capital-labor ratio grows in the industry wagerpium.

For the analysis, we use the EU KLEMS database. We restricatbention to
U.S. data between 1980 and 2007. Since it provides infoomatn 29 industries, we
recompute the initial industry wage premium in 1980 by rssifying the Census 60
industries into 29 industrieS. Details on the classification can be found in Table 1.9.
Each capital series (capital, ICT capital, and non-ICT tzdpis real fixed capital stock
based on 1995 prices. In order to obtain capital per workeesewe divide capital
by employment for each industry where employment variablalso provided by EU
KLEMS. We first show graphical evidence and then formally tee prediction of the
model.

Our figures confirm our hypothesis. Firstly, Figure 1.10 shawpositive rela-
tionship between the initial industry wage premium in 1980 ¢he subsequent annu-
alized growth rate of ICT capital per worker between 1980 20@7. It supports our
hypothesis that firms increase demand for ICT capital inrdrigubstitute (certain types
of) workers because of the wage burden. Figure 1.11, howsuggests that changes

in non-ICT capital per worker between 1980 and 2007 may nqgirbeisely related to

25EU KLEMS also provides data with more detailed industry sifisations, with more than 50 in-
dustries (using the SIC Industry classification) between718nd 2005. We, however, do not use this
classification, since we need to classify industries in ardigonary manner.
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Figure 1.11: Non-ICT Capital per Worker to Initial Industtyage Premium (1980-

2007)
Source: The EU KLEMS and The U.S. Census.

interindustry wage differentials.
For the complete analysis, we estimate equation (1.4) véitimQustries follow-
ing EU KLEMS classification.
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Ay = 00 + 1 (1.4)

wherey;, is capital per worker or capital level or employment in inlyg at timet.

Table 1.5: Estimates of Capital, Productivity, and EmplewtnGrowth (1980-2007)

OoLS v

Dependent Coefficient R-Squared Coefficient R-Squared
Capital/Worker 0.0145(0.0134) 0.05 0.0138(0.0139) 0.05
ICT Capital/Worker 0.0350*(0.0190) 0.09 0.0400**(0.0171) 0.09
Non-ICT Capital/Worker  0.0037(0.0136) 0.00 0.0030(0.0144) 0.004
Capital —0.0201*(0.0110) 0.10 —0.0181(0.0114) 0.10
ICT Capital 0.0004(0.0217) 0.00 0.0081(0.0204) 0.000
Non-ICT Capital —0.0308***(0.0107) 0.25 —0.0289***(0.0115) 0.25
Output —0.0055(0.0089) 0.01 —0.0044(0.0087) 0.01
Labor Productivity 0.0290**(0.0089) 0.22 0.0275**(0.0091) 0.22
Employment —0.0345***(0.0076) 0.27 —0.0319**(0.0072) 0.27

Note: Robust standard errors are reported in parentheSeg. < 0.01, ** p < 0.05,* p < 0.1.

We first note that labor productivity is obtained by dividiagtput by employ-
ment. The OLS and IV results are reported in Table 1.5, whielgaite similar. Before
we discuss the main result, we first focus on the last row, iickvthe dependent vari-
able is the average employment growth rate. The estimatg tise EU KLEMS data is
similar to the coefficient obtained from the Census data {&&é& 1.1), which confirms
the robustness of our findings.

The relevant coefficients for different types of capital presented in the first
three rows. As the initial industry wage premium increasgd 0 percent, the annu-
alized growth rates of aggregate ICT capital per worker, &&pital per worker, and
non-ICT capital per worker between 1980 and 2007 increag®dlldl percent, 0.35 per-
cent, and 0.03 percent, respectively. As expected, we oottiie relationship among the
coefficients as followstd;cr > Oaggregate > Onon—r1cr. FUurthermore, only; o is statis-
tically significant. Hence, we conclude that firms responaihgically to wage pressure
by increasing demand for ICT capital, but not all types ofizdpbecause only ICT cap-
ital can be replaced with routine workers. This finding issietent with Michaels et al.
(2013). They show that job polarization is more evident iduistries that experience
higher ICT capital growth; in so doing, they treat ICT capgeowth as an exogenous

change given to each industry without providing an answep aghy some industries



24

have experienced rapid ICT capital growth while others haste Hence, our finding
makes a unique contribution to this literature by showirag the asymmetric rises in
ICT capital (per worker) across industries over the last 8arg may be the result of
the endogenous responses of firms to interindustry wagereliffials. Some industries
exhibit more apparent job polarization since firms in theskustries have higher in-
centives to hire more ICT capital in production than firms thew industries, and the
incentives increase in the initial industry wage premiuat the industry encountered.

In this sense, our finding provides evidence of ‘directednetogy changes’
suggested by Acemoglu (2002): some firms have increasedmdefoa ICT capital
because the business environment pushes these firms to Tisapial more exten-
sively. Acemoglu and Autor (2011) also point out the posiybihat directed technol-
ogy changes may have contributed to job polarization dutiiregpast 30 years. Our
findings suggest that an environment of interindustry wafferdntials has generated
the different degrees of job polarization across industrie

The fourth to the sixth rows in Table 1.5 confirm our earliesatdissions and
they are also consistent with other estimation resultstligjiooth capital and non-ICT
capital decrease in the initial industry wage premium; fimaits a relatively high initial
wage premium demand less capital because they want to rdtuften’s size. Together
with the fact that these industries also decrease demareabfor, capital per worker and
non-ICT capital per worker seem not to respond to interitrguwsage differentials. ICT
capital, however, is not affected by the initial industrygegoremium because it plays
an important role in a firm’s subsequent behavioral chareges;result, ICT capital per
worker rises more in industries with a high initial industvgige premium.

Furthermore, we find that the growth rate of labor produttiincreases in the
initial wage premium, which is consistent with Borjas andhieg (2000). This is evi-
dence supporting the claim that firms have dynamically stuibst workers with more

efficient technologies when they faced relatively high veage
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1.4.3 Job Polarization and Interindustry Wage Differentials before

1980

Interindustry wage differentials have been observed te lh@en occurring even
prior to 1980; for instance, the benchmark estimation ofj@oand Ramey (2000) is
based on the industry wage premium in 1960. Then, the naguesdtion is whether
or not the job polarization is also observed for the periadrgo 1980; our theory ex-
plaining the heterogenous aspects of job polarizationssdraustries is based on firms’
dynamic responses to interindustry wage differentiald,l@nce the occurrence of het-
erogenous job polarization should be observed whenevendusiry wage premium
exists and alternative technology to replace (routine)kexs is available. To address
thisissue, Figure 1.12 shows the changes in employmerd sfiaach occupation group
across industries, between 1960 and 1980. Here, the htalzoas denotes three occu-
pation groups (each occupation group includes 16 indgsind one aggregate variable)
and the vertical axis denotes the change in employment siiaepecific occupation
group in each industry between 1960 and 1980. We still olesitrat the employment
share of routine occupations decreased in most industvigsh suggests the possibil-
ity of the existence of job polarization during 1960-198@haugh its extent is smaller:
overall, the employment share of the routine occupatiomugrdecreased by aboat
percent between 1960 and 1980, while it decreased by monelthpercent between
1980 and 2009.

Again, we estimate equation (1.2) for the period betweerDI®8&l 1980. We
first estimate the wage equation (1.1) with the 1960 Censtastdabtain the industry
wage premium in 1960. In Table 1.6, we compare the OLS estmrfat the two differ-
ent period<® The estimated coefficients for the earlier period (19600)28e reported
in the first two columns and those for the latter period (12809) are reported in the
last two columns, which are repeated from Table 1.1 for camapa.

While the coefficient for the total employment growth ratévieen 1960 and
1980 is not significantly different from zero, the coeffidiéor the routine occupation
group is negative and still significantly different from aerThis indicates that firms

with a high initial industry wage premium in 1960 respondedHis situation by de-

26The IV regressions show the same results, and hence we anithire.
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015

Changes in Employment Share 1960-1980

Figure 1.12: Changes in Employment Share by Occupatiorsadrmlustries between
1960 and 1980

Source: The U.S. Census.

creasing demand for routine occupations relative to otbeupations. The magnitude
of the responsivenesg.| is, however, much lower than that of the latter period ard th
explanatory power drops by half, indicating that the dyrarasponses of firms with a
high initial industry wage premium in 1980 are much strortgpan those in 1960. This
suggests that the heterogenous aspect of job polarizatiossaindustries became more
pronounced after 1980.

Why have the industrial differences in job polarizationdr®e larger after 19807?
There are two possibilities: (1) routine-replacing tedbgaal changes, and (2) in-
creased offshoring opportunities since the 1980s. Amoeghhee occupation cate-
gories, only the routine occupations are replaced eadiheeby (ICT) capital or by
offshoring (Goos et al. (2013)). Thus, for firms to adjustithebor demand dynami-
cally, they need to change their demand for routine occapsati Consider an extreme
case in which neither of the two options are available to firiiirms could not access
technologies that perform routine tasks, these firms woatdchange the demand for
labor. Hence, changes in labor demand would not differ acdiféerent industries if
firms could not replace workers. Suppose now, instead, ttmas ftan either buy ICT
capital because its price has become lower, or they canaréstsome tasks to foreign

countries. Then, labor demand for routine occupationsdedline more (or its growth
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Table 1.6: Estimates of Employment Growth by Occupationupso(1960-1980 and
1980-2009)

1960-1980 1980-2009
Occupation Groups Coefficient R-Squared Coefficient R-8xglia
Total —0.0178(0.0284) 0.03 —0.0381**(0.0073) 0.24
Cognitive Occupations  0.0053(0.0151) 0.00 —0.0252**(0.0071) 0.14
Routine Occupations —0.0303**(0.0122) 0.10 —0.0421***(0.0090) 0.21
Manual Occupations 0.0595***(0.0077) 0.03 0.0117(0.0137) 0.03

Note: Robust standard errors are reported in parentheSes. & 0.01, ** p < 0.05, * p < 0.1.

rate will be lower) for firms with high industry wage premia.ekte, both of these
changes, which are usually argued to have become availahtzessible to firms since
the 1980s (Acemoglu and Autor (2011) and Jaimovich and Sia3}p, made it easier
for firms to decrease their demand for routine occupatiolssa Fesult, the heterogenous

aspect of job polarization across industries becomes nwiderd in the latter period.

1.5 Conclusion

Over the past decades, employment has become polarizesllih$h, with com-
position of the labor force shifting away from routine ocatipns towards both cogni-
tive and manual occupations. In this paper, we show that ¢gee@ of job polariza-
tion is different across industries and identify the fadtwat causes this phenomenon
by demonstrating that the job polarization is connectedh witde dispersion in wages
across industries. In particular, our findings can be erplhias dynamic responses of
firms to interindustry wage differentials; firms that paigindustry wage premia re-
sponded to wage pressures by replacing routine workersi@ihcapital. Therefore,
the heterogenous aspect of job polarization across indsstias the result of optimal
responses of industries to existing interindustry wagtedihtials. In the companion
paper, Shim (2014) provide a theory to formalize the hypgithguggested in this paper
with a two-sector neoclassical growth model and show thadliptions of the models
are consistent with the empirical findings we present inphiser.

This paper aids understanding of heterogeneity in job Ealion across indus-
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tries, presenting the underlying mechanism and empiregllarities that reveal the
relationship between job polarization and the wage streabfiindustries, which have
not been studied before. In addition, similarly to Borjasgl &amey (2000), our paper
raises a question about the validity of the competitive tabarket theory where flows
of workers across industries provide an equilibrating naecdm for wages. Instead, our
findings indicate that firms respond endogenously to thd rMgige structure by replac-
ing routine workers with capital, and hence the mechanisntfe competitive labor

market may not work.
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1.6 Appendix: Additional Tables and Figures

We first present notes for several figures.

Note for Figure 1.7:

First of all, numbers 6-15 are ‘nondurable manufacturingdgd, 16-25 are
‘durable manufacturing goods’, 26-32 are ‘transportdti8h-36 are ‘wholesale trade’,
37-44 are ‘retall trade’, 45-49 are ‘finance, insurance, i@ad estate’, 49-51 are ‘busi-
ness and repair services’, and 55-59 are ‘professional @lated services’ industries.
General merchandiser includes hardware stores, retaenas and garden stores, mo-
bile home dealers, and department stores. Lastly, Miseatias services include child
care, social services, labor unions, and religious orgdioas.

Note for Figure 1.10:

The Census data are used for the estimation. Region1 to R&ga@respond to
New England Division, Middle Atlantic Division, East NortBentral Division, West
North Central Division, South Atlantic Division, East Sbhu€entral Division, West
South Central Division, Mountain Division, and Pacific BMn, respectively. Agel

to Age5 correspond to 18-24, 25-34, 35-44, 45-54, and 55d®pectively. Edul to
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Figure 1.13: Job Polarization: Education

Edu5 correspond to worker has fewer than nine years, ning teears, 12 years, 13 to
15 years, and at least 16 years of schooling, respectively.

Note for Figure 1.11:

1980, 1990, and 2000 data are from the Census and 2009 datwire¢he
ACS. Then The first row is the explanatory powé#) of the wage regression when
individual characteristics (including ages, educatidn, €see Section 1.4 for detail))
and 60 industries are all controlled for. The second rowesetkplanatory power of the
wage equation when industry dummies are the only indepéndeables and the third
row is that of the wage equation when only covariates areidered as independent
variables.

Note for Figure 1.13:

Notice that industry numbers follow 1.7. Here, average &itidustry wage
premium estimated from equation (1.1) and cognitive, reytiand manual are the
occupation-specific industry wage premia estimated frooaggn (1.3). We normal-

ize the industry wage premium.



Table 1.7: Census Industry Classification

30

Number Industry IND1990 Code

1 Metal mining 40

2 Coal mining 41

3 Oil and gas extraction 42

4 Nonmetallic mining and quarrying, except fuels 50

5 Construction 60

6 Food and kindred products 100 — 122
7 Tobacco manufactures 130

8 Textile mill products 132 — 150
9 Apparel and other finished textile products 151 — 152
10 Paper and allied products 160 — 162
11 Printing, publishing, and allied industries 171 — 172
12 Chemicals and allied products 180 — 192
13 Petroleum and coal products 200 — 201
14 Rubber and miscellaneous plastics products 210 — 212
15 Leather and leather products 220 — 222
16 Lumber and woods products, except furniture 230 — 241
17 Furniture and fixtures 242

18 Stone, clay, glass, and concrete products 250 — 262
19 Metal industries 270 — 301
20 Machinery and computing equipments 310 — 332
21 Electrical machinery, equipment, and supplies 340 — 350
22 Motor vehicles and motor vehicle equipment 351

23 Other transportation equipment 352 — 370
24 Professional and photographic equipment and watches 371 — 381
25 Miscellaneous manufacturing industries / Toys, amusenagat sporting goods 390 — 392
26 Railroads 400

27 Bus service and urban transit / Taxicab service 401 — 402
28 Trucking service / Warehousing and storage 410 — 411
29 U.S. postal service 412

30 Water transportation 420

31 Air transportation 421

32 Pipe lines, except natural gas / Services incidental tspariation 422 — 432
33 Communications 440 — 442
34 Utilities and sanitary services 450 — 472
35 Durable goods 500 — 532
36 Nondurable goods 540 — 571
37 Lumber and building material retailing 580

38 General merchandiser (Note 2) 581 — 600
39 Food retalil 601 — 611
40 Motor vehicle and gas retail 612 — 622
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Table 1.8: Census Industry Classification Continued.

Number Industry IND1990 Code
41 Apparel and shoe 623 — 630
42 Furniture and appliance 631 — 640
43 Eating and drinking 641 — 650
44 Miscellaneous retail 651 — 691
45 Banking and credit 700 — 702
46 Security, commodity brokerage, and investment companies 710
47 Insurance 711
48 Real estate, including real estate-insurance offices 712
49 Business services 721 — 741
50 Automotive services 742 — 751
51 Miscellaneous repair services 752 — 760
52 Hotels and lodging places 761 — 770
53 Personal services 771 — 791
54 Entertainment and recreation services 800 — 810
55 Health care 812 — 840
56 Legal services 841
57 Education services 842 — 861
58 Miscellaneous services (Note 3) 862 — 881
59 Professional services 882 — 893
60 Public administration 900 — 932

Table 1.9: EU KLEMS Industry Classification
Number Industry IND1990 Code

1 Mining and quarrying 40 — 50

2 Total manufacturing
2-1 Food, beverages, and tobacco 100 — 130
2-2 Textiles, textile, leather, and footwear 132 — 152,220 — 222
2-3 Wood and of wood and cork 230 — 242
2—-4 Pulp, paper, printing, and publishing 160 — 172
2-5 Chemical, rubber, plastics, and fuel

2-5-1 Coke, refined petroleum, and nuclear fuel 200 — 201

2—5-2 Chemicals and chemical products 180 — 192

2—-5-3 Rubber and plastics 210 — 212
2—6 Other non-metallic mineral 262
2-17 Basic metals and fabricated metal 270 — 301
2-8 Machinery, NEC 310 — 332
2-9 Electrical and optical equipment 340 — 350
2-10 Transport equipment 351 — 370
2—11 Manufacturing NEC; Recycling 371 — 392

3 Electricity, gas, and water supply 450 — 472

4 Construction 60

5 Wholesale and retail trade
5—1 Sale, maintenance and repair of motor vehicles and motlesyRetail sale of fuel 500,612 — 622,672, 751
5—2 Wholesale trade and commission trade, except of motor ke=hémd motorcycles 501 — 571
5-3 Retail trade, except of motor vehicles and motorcyclesaiteyg household goods 580 — 611,623 — 671, 681 — 691

6 Hotels and restaurants 762 — 770

7 Transport and storage and communication
7-1 Transport and storage 400 — 432
7T—2 Post and telecommunications 440 — 442

8 Finance, insurance, real estate, and business services
8§—1 Financial intermediation 700 — 711
8§—2 Real estate, renting, and business activities 712 — 760

9 Community, social, and personal services 761 — 810

10 Public administration and defence; Compulsory social sgcu 900 — 932

11 Education 842 — 861

12 Health and social work 812 — 840, 841

13 Other community, social, and personal services 862 — 893
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Table 1.10: OLS Estimates of the Wage Regression in 1980

Variable Coefficient Variable Coefficient
Female —0.5413(0.0009) Cognitive Occupation 0.4892(0.0030)
Agel 1.0227(0.0035)  Routine Occupation 0.2267(0.0029)
Age2 1.5225(0.0035) Manual Occupation 0.0081(0.0031)
Age3 1.7141(0.0035) Regionl —0.0355(0.0024)
Age4d 1.7916(0.0035) Region2 0.0329(0.0020)
Age5 1.7775(0.0036) Region3 0.0684(0.0020)
Edul —0.5575(0.0020) Region4 —0.0188(0.0023)
Edu2 —0.4799(0.0017) Region5 —0.0045(0.0020)
Edu3 —0.2689(0.0013) Region6 —0.0612(0.0024)
Edu4 —0.2418(0.0014) Region7 —0.0011(0.0022)
Edu5 0 (Omitted) Region8 0 (Omitted)
African-American —0.0842(0.0014) Region9 0.0665(0.0021)
R-Squared 4045 Observations 4,307,598

Table 1.11: Source of Wage Variation (R-Squared)

1980 1990 2000 2009

Total 0.40 0.42 0.42 0.43
Industry Only 0.14 0.14 0.13 0.16
Covariates Only  0.36 0.37 0.38 0.38

Observations 4,307,598 4,940,215 5,530,409 1,202,671

Table 1.12: Estimates of Employment Growth by Occupatioou@s (1980-2006)
oLS
Occupation Groups Coefficient R-Squared
Total —0.0432*(0.0103) 0.22
Cognitive Occupations —0.0257**(0.0083) 0.12
Routine Occupations —0.0417**(0.0099) 0.18
Manual Occupations  —0.0017(0.0159) 0.000

Note: Robust standard errors are reported in parentheSeg. & 0.01, ** p < 0.05,* p < 0.1.
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Table 1.13: Occupation-Specific Industry Wage Premia irD198

Industry Average Cognitive Routine Manual | Industry Average Coghnitive Routine Manual
1 0.8524(.0097) 1.1828(.0181) 1.1954(.0111) 1.0234(.0660) 31 0.8938(.0060) 1.3965(.0104) 1.1606(.0071) 1.1442(.0131)
2 0.9627(.0073) 1. 2589( 0173) 1.2947(.0079) 0.7852(.0838) 32 0.5164(.0090) 1. 1424( 0159) 0.7964(.0105) 0.5229(.0478)
3 0.8128(.0063) 1.3019(.0094) 1.1361(.0075) 0.7512(.0539) 33 0.8531(.0049) 1.2388(.0069) 1.2174(.0056) 0.7661(.0343)
4 0.7051(.0101) 1.1480(.0250) 1.0123(.0112) 0.8694(.0600) 34 0.7212(.0049) 1.1831(.0069) 1.0390(.0056) 0.7687(.0170)
5 0.5656(.0045) 1.1518(.0065) 0.8544(.0052) 0.4819(.0194) 35 0.6248(.0048) 1.2285(.0067) 0.9098(.0055) 0.4597(.0304)
6 0.6158(.0050) 1.2072(.0080) 0.9004(.0057) 0.6949(.0155) 36 0.5755(.0049) 1.1837(.0073) 0.8610(.0056) 0.4987(.0237)
7 0.7718(.0121) 1.3420(.0231) 1.0594(.0137) 0.8614(.0673) 37 0.4835(.0071) 1.1310(.0135)  0.7634(.0080) 0 2699(.0810)
8 0.5659(.0053)  1.1789(.0108)  0.8505(.0059) 0.5900(.0231) 38 0.2603(.0048)  1.0194(.0077) 0.5185(.0056) 0.3553(.0129)
9 0.4061(.0052) 1.2145(.0127) 0.6792(.0058) 0.4035(.0305) 39 0.3969(.0050)  1.0609(.0098) 0.6838(.0056) 0. 3128( 0157)
10 0.7534(.0055)  1.2674(.0098) 1.0496(.0063) 0.9124(.0270) 40 0.4593(.0050) 1.1522(.0093) 0.7371(.0057) 0.3153(.0291)
11 0.4809(.0053)  0.9827(.0079) 0.7939(.0061) 0.4910(.0312) 41 0.1773(.0062)  0.9946(.0122) 0.4295(.0070) 0.2041(.0419)
12 0.7540(.0049)  1.2752(.0065) 1.0607(.0058) 0.8968(.0180) 42 0.3595(.0063)  0.9503(.0120) 0.6492(.0071) 0.1138(.0522)
13 0.8724(.0074) 1.3563(.0116) 1.2011(.0088) 0.7933(.0530) 43 0.1737(.0045) 0.8572(.0068) 0.4181(.0067) 0.2277(.0054)
14 0.6543(.0057) 1.2446(.0097) 0.9382(.0065) 0.7914(.0289) 44 0.1457(.0055)  0.7895(.0092) 0.4188(.0063) 0.2218(.0246)
15 0.4259(.0079)  1.1603(.0254) 0.7035(.0085) 0.5134(.0522) 45 0.5735(.0046)  1.1792(.0057) 0.8521(.0055) 0.4151(.0188)
16 0.5063(.0062) 1.1625(.0143) 0.7820(.0070) 0.5604(.0337) 46 0.7683(.0079) 1.2815(.0138) 1.0938(.0092) 0.4082(.0575)
17 | 0.4804(.0063) 1.1613(.0142) 0.7575(.0070) 0.5229(.0458) 47 | 0.6730(.0048) 1.2383(.0066) 0.9704(.0055) 0.4936(.0294)
18 0.6722(.0057) 1.1642(.0109) 0.9782(.0064) 0.7780(.0346) 48 0.3871(.0058)  1.8683(.0095) 0.7241(.0072) 0.3979(.0107)
19 0.7525(.0046)  1.2502(.0065) 1.0509(.0052) 0.8954(.0150) 49 0.3762(.0051)  1.0299(.0068) 0.6757(.0066) 0.2917(.0085)
20 0.7152(.0045) 1.2500(.0059) 1.0159(.0053) 0.7358(.0184) 50 0.4092(.0063) 1.0308(.0142) 0.6946(.0069) 0.1908(.0574)
21 0.6614(.0046) 1.1896(.0060) 0.9648(.0054) 0.7154(.0199) 51 0.4151(.0083)  0.9705(.0219) 0.7090(.0090) 0.2536(.0820)
22 0.8742(.0050) 1.3618(.0079) 1.1730(.0057) 1.0748(.0178) 52 0.00(Omitted) 0.7086(.0120) 0.5276(.0102) 0.00(Omitted)
23 | 0.7480(.0048) 1.2259(.0061) 1.0781(.0057) 0.8322(.0241) | 53 | 0.2753(.0061) 0.7207(.0132) 0.4343(.0093) 0.4462(.0078)
24 0.6790(.0056) 1.2268(.0075) 0.9771(.0067) 0.7521(.0330) 54 0.1425(.0063)  0.5998(.0098) 0.4938(.0104) 0.2662(.0091)
25 0.4644(.0061) 1.1455(.0109) 0.7338(.0069) 0.5019(.0339) 55 0.4770(.0043)  1.0231(.0052) 0.7489(.0056) 0.5829(.0054)
26 0.9247(.0055) 1.3237(.0100) 1.2363(.0061) 1.0065(.0281) 56 0.5021(.0069) 0.9358(.0106) 0.9103(.0080) 0.3791(.0700)
27 0.3950(.0072) 0.9870(.0161) 0.6723(.0080) 0.6458(.0297) 57 0.1223(.0044) 0.7527(.0052) 0.3141(.0058) 0.0750(.0062)
28 0.7092(.0051)  1.2070(.0107) 1.0078(.0057) 0.5972(.0350) 58 0.0137(.0053)  0.5056(.0066) 0.4788(.0078)  0.0374(.0092)
29 0.8159(.0054) 1.2214(.0120) 1.1231(.0060) 0.8248(.0256) 59 0.4192(.0052)  0.9655(.0062) 0.7514(.0076) 0.5198(.0276)
30 0.7528(.0094) 1.2554(.0170) 1.0699(.0108) 0.6032(.0541) 60 0.5995(.0043) 1.0453(.0054) 0.8814(.0054) 0.8729(.0057)




Chapter 2

Interindustry Wage Differentials,
Technology Adoption, and Job

Polarization: Theory

Abstract. This paper proposes a theory that unveils the mechanisnrlynde
ing the close relationship between job polarization anérintlustry wage differentials,
which is empirically studied in the companion paper, Shird #ang (2014). In partic-
ular, we develop a two-sector neoclassical growth modeinicarporates the following
three key features. First, industries differ in the wagesahey pay to workers. Second,
routine workers are relative substitutes for capital whibm-routine workers are rela-
tive complement to capital. Last, there is an exogenoussinvent-specific technology
change. Main predictions of the model are that (1) job pp#didon is more evident and
(2) capital-routine worker ratio increases more in the stduthat pays higher wages to
workers when there is an investment-specific technolognpgbawhich are consistent

with the empirical findings in Shim and Yang (2014).

34
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2.1 Introduction

This paper develops a theory to understand an empiricahfittiat the progress
of job polarization differs across industries, which is emcplly analyzed in the com-
panion paper, Shim and Yang (2014). In that paper, we showitt@rindustry wage
differentials’, the phenomenon that observationally egl@nt workers earn differently
when employed in different industries, can be a possibléaggtion for why the de-
gree of job polarization differs across industries. In jgatar, Shim and Yang (2014)
find that industries with a higher wage premium in 1980 e)xgered large declines in
the share of routine workers between 1980 and 2009. i.e.rdwgss of job polariza-
tion was more evident in the high-wage industries. Figuteshows this phenomenon

clearly.

Change in Share of Routin Occupation (1980-2009)

T
0 .2 4 .6 .8 1
Industry Wage Premium (1980)

Figure 2.1: Connection between Job Polarization and imdestry Wage Differentials
Source: Reproduced from Shim and Yang (2014).

In Shim and Yang (2014), they hypothesize that the diffedegfrees of job po-
larization across industries can be explained as firms’ giynieesponses to interindustry
wage differentials. As firms cannot adjust wages relativihtse paid by other firms
because of the ‘rigid’ inter-industry wage structure, tligyamically substitute labor

with other production factors such as capital. ParticyJalémand for routine workers
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will decrease more intensively because they can be repkasty by ICT capital while
demand for non-routine workers decreases less since #s#is tire not easily replaced
by other production factors. As a result, the degree of jdanmation becomes different
across industries.

In order to formalize the above hypothesis, we develop ageaior neoclassical
growth model in this paper and then solve the model analijticas usually assumed in
the job polarization literature, firms can use InformatiGommunication, and Technol-
ogy (ICT, henceforth) capital, which is assumed to be aivaaubstitute for workers
who perform routine tasks (routine workers) and a relatv@jglement to workers who
perform non-routine tasks (non-routine workers). The npagdictions from our model
are as follows. Firstly, job polarization is more evidenthe high-wage industries. In
our model, the relative wage structure across industriassamed to be ‘rigid’ because
of some industry specific factotsdence, some firms pay higher wages than other firms
for (observationally) identical workers. As a result, firmgh a high wage premium
seek alternative methods to cut production cost insteachahging wages: they re-
place labor with other production factors, such as capitéden a firm changes its labor
demand, however, the effect is not even across differenkaver tasks performed by
routine workers are more easily codifiable or computeriaed,hence they are more af-
fected by a firm’s dynamic decision to replace labor with t@gi As the price of capital
becomes lower due to investment-specific technologicaigés, high-wage firms rent
more capital than low-wage firms because they are more gitbrcut high production
costs. As a consequence, high-wage firms reduce relativartefor routine workers
more, resulting in different degrees of job polarizatioroas industries. Second predic-
tion of our model, which is consistent with the first predictiis that the growth rate of
capital per routine worker is higher in the high-wage indast since firms in such in-
dustries have more incentives to replace routine worketfsaipital. Importantly, these
two predictions are consistent with the empirical findingShim and Yang (2014).

With the companion paper, Shim and Yang (2014), this papetriboites to the

existing literature on job polarization by theoreticalgvealing the mechanism how the

'In the appendix, we derive the rigid interindustry wage atice as an equilibrium outcome, which
does not change the predictions of the model.
20ffshoring is another possibility, as Goos et al. (2013) @faenski (2012) show.
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progress of job polarization can be related to the wage tstrei¢hat is exogenously
given to firms.

The paper is organized as follows. Section 2.2 reviewsaélderature. We then
propose a two-sector neoclassical growth model and previg@redictions in Section

2.3. Section 3.5 concludes.

2.2 Related Literature

Since we focus more on the ‘consequences’ of interindusagendifferentials in
this paper, we briefly review literature that suggests fbdss$heories to explain ‘causes’
of it. One theory that justifies the existence of interindpstage differentials is ‘un-
observed ability of workers’ (Murphy and Topel (1987)). Sltheory is consistent with
competitive equilibrium theory; estimated persisteneiimdustry wage differentials is
the reflection of the unobservable variables hence the phenon is not surprising.
However, Krueger and Summers (1988), Borjas and Ramey J2800 Blackburn and
Neumark (1992) find evidence against this theory. For icgaBlackburn and Neu-
mark (1992) show that their measure of unobserved abil@gt (6cores) can account
for only about one tenth of the variation in interindustryggadifferentials. Given that
the competitive model cannot explain the industry wage paesell, remaining theo-
ries should be non-competitive ones. The rent-sharing mddeussed by Nickell and
Wadhwani (1990), Borjas and Ramey (2000) and Montgomer9X)9is one possible
non-competitive model: if a firm can share its profit with a e (insider) by nego-
tiation and if it can sustain a worker’s productivity leveitivthe wage level relatively
higher than the competitive one, firms are willing to pay liglvages than competitive
ones. Another possibility is to use efficiency wage model I§iWg1999) and Alex-
opoulos (2006)). Suppose that workers can choose eitheptk @r shirk and firms
in different industries have different detection rates loflsng workers. Then wage
compensations for not shirking are different across imtksst which generates wage
dispersions across industries. Since our interest is ic@hsequences of interindustry

wage differentials, we choose to take the reduced way oticagtwage differentials in

3Montgomery (1991) uses a version of search and matchinglyindave include it in the rent-sharing
model since the model also incorporates the rent-sharatgifein it.
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Section 2.3.

Notice that predictions of the theories and other empinieakarches such as
Murphy and Topel (1987), Alexopoulos (2006), and Krueget Snmmers (1988) are
basically static in the sense that their model cannot prekdec dynamic behaviors of
firms facing interindustry wage differentials. Supposet tfhee dispersion in wages
across industries exists for any reason. While previougiesucould explain the oc-
currence of interindustry wage differentials and the asdéed ‘static’ equilibrium prop-
erties, these studies do not explain how firms react to thém@menon. For instance,
if one believes the unobserved ability hypothesis follapiurphy and Topel (1987),
there should be no changes in equilibrium unless any staidiansformation occurs
since it is already in a competitive equilibrium where wagkare sorted by their abil-
ities. In contrast, Borjas and Ramey (2000) find that theee'dynamic’ responses of
firms to the persistent interindustry wage differentials gét an idea, consider a firm in
an industry that pays relatively higher wages to a worken fivans in other industries
at yeart,, the initial period (of data we have). Notice that labor dsshe product of
wage and employment and it is hard for firms to adjust wagéatire to that of other
industries) as supported by data (see Borjas and Ramey)j200&n the only way to
respond to the higher labor cost is to adjust employment tover. i.e. subsequent em-
ployment growth of the industries with high initial indugtvage premia will be lower
than those of the industries with low initial wage premia.d&his prediction is a sharp
contradiction to the competitive equilibrium theory; eamyphent of an industry with
high (resp. low) initial wage premium should increase (refgxrease) over time since
to in a competitive equilibrium environment in which labor nildg is not restricted
as workers will migrate from the low wage industries to thghhivage industries. Our
paper is different from Borjas and Ramey (2000) in two dimew. First, they do not
propose a particular theory to support their empirical figdi Second, we consider the
possible heterogenous effects of a firm’s dynamic respomskfi@rent workers.

In the sense that different market environments make firrha\ee differently
across industries, our paper is close to Alder et al. (20C8ntrary to our paper, how-
ever, Alder et al. (2013) do not consider initial wage diffietials as the source of the

differences. Rather, the difference they take into accmuatack of competition in la-
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bor and output markets. Furthermore, they do not examinglpledeterogenous effects
of labor market changes due to firms’ dynamic decisions derifnt types of workers.
Acemoglu and Shimer (2000) is also relevant to our papey; shew with a searching
model howex-anteequivalent firms optimally choose different technologied wages.
While the underlying idea is similar, they also do not cossithat the strategy of the

firm can affect different workers disproportionately.

2.3 Model

In this section, we present a two-sector neoclassical gronddel and analyze
properties of the steady-state equilibrium. While our madeighly stylized, it provides
clear predictions that are testable with data.

We first sketch the structure of the economy. In order to cageatures of job
polarization, we assume that there are two types of taskereme first type is the
‘non-routine’ task (workers who perform non-routine task#i be called non-routine
workers) and the second type is the ‘routine’ task (routirekers)?* As is usually
assumed in the job polarization literatireapital is a relative substitute for workers who
perform routine tasks, while it is a relative complement tarkers who perform non-
routine tasks. In this sense, capital considered in our heatebe interpreted as ICT
capital. In order to generate interindustry wage diffeigdat we assume that industry
1 pays higher wages, by some exogenous factors, than ind2i&tihis assumption,
which is the key in our model, is innocuous for our purposeoag las the rigid wage

structure across industries originates from non-conipetiheories.

40ne might further decompose non-routine workers into dbgnand manual workers; given, how-
ever, that these workers have similar roles in the prododtiaction (both workers are relative comple-
ments to capital) and their behavior is almost the same (dgevand employment relative to routine-
workers increase for both workers over time), we choose ¢éoomdy two types of workers in the model
for simplicity of discussion. This is also the same strateggd by Beaudry et al. (2013) and Jaimovich
and Siu (2013).

5See Autor et al. (2003), Autor and Dorn (2013), and Corted42(or instance.

SFor instance, in Appendix 2.5.1, we consider labor unionshassource of interindustry wage
differentials.

"For example, one might argue that the ‘initial’ interindystage differentials arise from high capital-
labor ratio in some industries due to industrial charasties, which is in line with competitive theories.
However, this theory does not coincide with data as is docuetein Shim and Yang (2014) and Borjas
and Ramey (2000); over the last several decades, the chgtital ratio has risen more in high-wage
industries. This implies that wage differentials shouldenheen widened, which is not supported by
data.
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We then provide comparative statics of the steady-statdil@gum by changing
the parameter that governs the relative price of capital skiésv that while both indus-
tries experience job polarization, the share of non-reutiver routine workers, which
measures the degree of job polarization in our model, ise®anore in the high-wage
industry when the relative price of capital declines. We alsow that the heterogeneity
in the degree of job polarization across industries in@gas the industry wage pre-
mium. In addition, the capital-routine worker ratio riseemin the high-wage industry

when the relative price of capital decreases.

2.3.1 Setup
Household

We consider an environment in which a representative haldatonsists of
identical workers, whose total hours supplied to the labarket are denoted by, .2
There is an infinitely lived representative household indbenomy that solves

the following deterministic maximization problem:

max i B [log c; + 0(7n — ny)] (2.1)
=0

{et,kt41,2e,me 52 “—

subject to

(1) Cy + Ty = WeNy + Ttkt +

(2) kpy1 = (1 = 0)ky + gy

wheref > 0 is a constantk, > 0 is given,n > 0 is total hours with which a household
is endowed, and; is a lump-sum transfer from the labor broker that is desdridow.
The periodt income can be used to purchase consumption gaggdsy used
to generate investment goods, with the technology;;. Hence, higher; means that
the technology to generate investment goods improves; meestment goods can be
generated with the same income and consumption. We sonsetafer tol /¢, as the
relative price of capital. We normalize the price of the figabd tol. In addition,r;

ando € [0, 1] are the rental cost and the depreciation rate of capitghervely. In

8The assumption on the representative household is maddén toravoid the distributional issue that
arises from different wage rates across industries andtypeorkers.
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addition, equationi2) is the law of motion for capital that a household owns andsrent
to firms. The household supplies labor at wage tateDetailed discussions on wage
rates are provided in the next section.

The key optimality condition for the household problem igegi as follows!°

c
=B g + (1 - 5)i (2.2)
Ct qt+1

We focus on comparative statics in the steady state, andftrerwe set; =
¢i41 andg; = ¢, and obtain a relationship betweemndq as follows.
1
3—1+90

r=2__ " (2.3)
q

The rental cost of capitak] is strictly decreasing ig; that is, the steady state
level of capital can be sustained with less investment whertéchnologyy, is more

efficient. Hence, less demand for capital lowers the reatal of capital.

Labor Market

The labor market is assumed to be intermediated by a lab&ebtbat receives
hours worked from the household and allocates them acrdsstines 1 and 2 and rou-
tine and non-routine occupatioksLet h; (resp]zit) be the hours of non-routine (resp.
routine) workers supplied to industiyWe further definev;; (resp.w;;) to be the wage
rate of non-routine (resp. routine) workers employed itgus

To capture the industry wage differentials observed in tite,dve assume that

the wage in industry 1 is higher than that of industry 2 by ada& > 02 so that

9We assume that the utility is linear in hours worked in ordemiake clear predictions and to avoid

the problem that the labor market may not clear when laboplgug inelastic under the existence of the
industry wage premium.

0There is another optimality condition for labor supply, = 6c;, which we abstract from here since
it is not relevant for our analysis.

110r equivalently, one can assume rationing in the labor niadéhat only some fractions of workers
can be employed in the high-wage industry. Households thkeot total labor income as a sum of labor
income from all workers, as discussed in Alder et al. (20AH)of these features are to obtain equilibrium
in which all firms employ positive hours.

12Since we are more interested in the consequences of theripegye premium, in this paper, we do
not analyze the source of these differentials. Insteadymael postulates that firms in some sectors face a
higher ‘wage markup’ by some exogenous factors. We takd#éimes that the source of interindustry wage
differentials does not come from unobserved heterogeneityss workers; we assurag-anteidentical
workers. There are several ways to introduce the industgevgemia. For instance, one might consider
the efficiency wage model as in Alexopoulos (2006), by asegrttiat the detection rate of shirking is
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Wi = (1 -+ )\)’LU2t and wlt = (1 + )\)th (24)

As non-routine occupatiofSrequire more complex skills of a worker, the broker

sets the following wage rule to compensate the skill diffiees across occupatiots:

Wi = X Wi (2-5)

wherey > 1 measures the compensation to the occupations that reglaterely com-
plex skills.

The broker compensates the hours supplied by the housettblel lawest wage
in the market that corresponds to the wage of a routine warkierdustry 21° It then
allocates the hours according to the demand of firms in theimduostries given the
assumed wage differentials and wage rule. The additiongéwacome received by the
broker on the hours supplied to industry 1 is rebated to theséloold as a lump-sum

transfer:

7 = War(Axh1 + Xhot + )\ith) (2.6)

Final Goods-Producing Firms

The final good, which can be either consumed or used to pugchasstment at
the pricel/q,, is assumed to be produced by a firm that utilizes two interatedoods.

The problem of this firm, which operates in a perfectly contjpetmarket, is given by:

max Yz — P1tYit — PatYat (2.7)

Y1t,Y2t

heterogenous across industries; the value of matchindferelt across industries, as in Montgomery
(1991). Instead, we can also assume that there is a laban imindustry1 but not in industry2, which
is discussed in Appendix 2.5.1. In the appendix, we assuatetiere is a labor union in each industry
and a firm in the particular industry can hire workers onltigh the labor union of the industry where
the monopoly power of labor unions are heterogenous acndsssiries. Then, the above equation (2.4)
can be derived as an equilibrium condition.

Therefore, we can interpret the labor market environmead irs our model as a parsimonious way to
generate wage differentials across industriesandptures the heterogeneity across industries.

13Here, we focus on cognitive occupations.

140r equivalently, we can assume that there are two types dfev®that constitute a household and
leisure is linear in both types of workers, which yields itieal results.

150ne can set a different wage rule without changing equilinrproperties; for exampley, = w1, is
also possible but then the household should pay back thanmemdabor income to the broker.
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subject to the CES aggregator

1

ve=[yir " +ye ]

wherer € [0, 1). Hence, the elasticity of demand for each intermediate goéd

The demand for intermediate goods in industries 1 and 2 isghen by

i = (y—) 2.8)
Yit

which is the usual form of the inverse demand function fohdatermediate gooéf.

Intermediate Goods-Producing Firms

We assume that the intermediate goods market is perfeathpettive so that
a firm’s profit will be zero in equilibrium. Each firm produces autput by utilizing
two types of workers and capital. A firm in industrgolves the following static profit

maximization problem:

max  Pitlit — Withie — witﬁit — 1k (2.9)
{kitvhitvhit}

subject to
1a
Yir = hg (BZ + kﬁ) '
wherep € (0,1), a € (0,1).

Following Autor et al. (2003), Autor et al. (2006), and Autord Dorn (2013),
we assume a CES production function. Notice that the eigstitsubstitution between
non-routine workers and total routine task input jsvhile the elasticity of substitution
between a routine worker and capitall—;léu > 1, sincey > 0. Thus, as Autor and Dorn
(2013) point out, capital is eelative substitutdéor workers who perform routine tasks
and is arelative complemertb workers who perform non-routine tasks. Hence, capital
in our model is ICT capital. Notice that if = 1, each input that performs a routine task
is a perfect substitute for each other. Once the outpytis produced, it is sold to the

final goods-producing firm at;,.

160ne can show easily that the zero-profit condition holds utiseabove first-order condition (2.8).
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Optimality conditions for the firm’s optimization problemeegiven as follows:

% - ai—i (2.10)
5 N .
Bit _ (1 _ q)tit__Yit (2.11)
Pit R+ K B
“w
T (1 = gy tu Y (2.12)
Dit hly + kL, Kt

Each equation shows that the remuneration of factors téketm of shares,
which is the property from the CRS production function. Imtjgalar, the first (resp.
second) equation means that the real wage that a workemrmeénip non-routine (resp.
routine) tasks receives should be equal to the marginalyotaaf the worker. The last
equation, similarly, means that the real rental cost oftefghould be equal to the
marginal product of capital. As usual, demand for each inpatdecreasing function
of the factor price. In order to understand the role of changéhe price of capital, we
divide equation (2.11) by (2.12):

Wit _ <E) - (2.13)

Tt hit

This equation implies that capital per routine worker iases as the rental cost
decreases because capital is a relative substitute faneowbrkers, and firms will re-
place routine workers with capital as the relative cost izirig capital becomes lower.
In order to gain an intuition into howyis related to this property, we use the steady-state
property that- andq are inversely related, as discussed earlier. An increageneans
that less investment is enough to maintain the steady-sapiéal level, so that demand
for capital would be lower, which results in a lower rentatcof capital.

One can further check that capital per routine worker is gétagher in a high-
wage industry, which arises from the fact that high-wage gican lower production
costs by employing more capital than low-wage firms. Notlat this equilibrium
property is consistent with empirical facts reported bydeits and Katz (1987) and the-

oretical predictions provided by Alexopoulos (2006) anéoglu and Shimer (2000).
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Equilibrium

An equilibrium of this economy consists of quantities anatgs for such that,
given prices, (1) a household chooses an optimal allocatian {c;, k.1, },-, that
solves the utility maximization problem (2.1), (2) an imtexdiate firm optimally chooses
a factor demand schedu{é:it, hit, E”}Zo that maximizes the firm’s profit (2.9), (3) a fi-

nal goods-producing firm chooses optimal demand for eaelnnrediate good to satisfy

equation (2.8), and (4) all markets clear:

Kior = ai(ys — ) +(1—0) Ky (2.14)
hie + hot + ;th + ﬁ?t =Ny (2.15)
kit + oy = Ky (2.16)

We list the whole equilibrium conditions in Appendix 2.5.2.

2.3.2 Predictions of the Model: Steady-State Analysis

In this section, we provide predictions of the model by stagyhe comparative
statics of steady state equilibrium in whigh = ¢;,,; over time. In order to obtain
analytical tractability that provides clear predictiorfsiee model, we assume = 0;
i.e., intermediate goods are perfect substitutes, andehgpe= ps; = 1. In Appendix
2.5.2, we provide equilibrium conditions for the steadyestghen values of parameters
are not specified.

Since we are interested in how the changes in the price didalpie to investment-
specific technological changes affect the two industriésréintly, we conduct the com-
parative statics exercise by analyzing the behavior of thady-state economy when
there is a change ip. While we only consider two industries, the analysis canse e
tended easily ta > 2 industries.

The next proposition is the collection of predictions of thedel wheny rises.
This is introduced to capture the fact that the relativegpot(ICT) capital has declined
over time; one can think of the steady-state economy as tBeedonomy in the be-
ginning of 1980, and then there was a risgyiso that the new steady state is the U.S.

economy in 2010. We first defing as follows.
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h;
S = =— (2.17)
h;
This term measures the usage of non-routine workers relatikoutine workers.
Then, job polarization in our model indicates the situatiomwhich s; increases. Next,

we definex; as follows:

Ky = — (2.18)

Hence s is the capital-routine worker ratio.

Proposition 1 (Job Polarization: Connection to Interindustry Wage Défdials) The

following results hold in the steady state:

1. The capital-routine worker ratio increases in both intfies when the price of
capital declines, while it rises more in the high-wage irtdyis In addition,
the difference between industries increases in the wagaipra (\) and sub-

stitutability between capital and routine workeys) ( Formally,

>0 (2.19)

2. Job polarization happens in both industries when thegyatcapital declines.

Formally,

ds; « drt
i B | 2.20
dg  x(1—a) dq (2.20)

3. The change in the employment share of non-routine ovein®workers in in-

dustry 1 is greater than that in industrg when the price of capital declines;
i.e., job polarization is more evident in the high-wage isoly. In addition, the
difference in the degree of job polarization across indigstincreases in the
wage premiumX) and substitutability between capital and routine workgrk

Formally,

o d
——=@+*V$ji (2.21)
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Proof. See Appendix 2.5.3. 0J

First of all, it is a natural consequence of the model thatditry to use capital
more than routine workers when the price of capital declibesause capital and routine
workers are substitutes. One can show that capital pemeutorker rises more as the
substitutability,:, rises. In addition, the first part of the proposition shole firms that
are constrained to pay a higher wage markup use capital mtemsively in production,
and hence the capital-routine worker ratio grows more is¢hirms. The difference
across industries increasesinas the firm should pay more to workers, its incentive to
utilize capital increases, which results in more rapid ghow the capital-routine worker
ratio than in firms that can pay less to workers.

The second part of Proposition 1 shows that, consistent prighious models
on job polarization, including Autor and Dorn (2013), Autral. (2003), and Cortes
(2014), a decline in the price of capital is one of the critfeators in job polarization.
The last part of the proposition is another key predictioowf model: the non-routine
share of hours (employment) grows more in the high-wagestmgsince new technol-
ogy (utilizing capital) is adopted more aggressively by finms that face high labor
costs, as discussed in the first part of the proposition heuntore, the difference in the
degree of job polarization across industries increases the parameter that governs
the industry wage premium, which shows the importance oirtthestry wage premium
in explaining heterogeneous aspects of job polarizatioosadandustries.

We finally note that the first and the last part of the propositogether provide
a theoretical background to the findings by Michaels et &18). They find that the
degree of job polarization is positively correlated witle tjrowth rate of ICT capital,
but they do not provide a clear explanation as to why thigimxahip holds in the data.
Our model shows that it is interindustry wage differentidat systematically affect
their finding; the high-wage industry substitutes routirehkers with ICT capital more
aggressively to cut production costs, and hence the pregifgeb polarization is more

evident in this industry.
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2.3.3 Tests of Predictions

In the empirical analysis conducted in Shim and Yang (20b4)rder to test the
prediction thatx; (capital-routine worker ratio) grows more in the high-wageustry
when the price of capital declines, we instead consider Igital per worker because
the EU KLEMS data do not include information about occupatiof workers. This
provides, however, the same information as the propositidhe following sense; the
capital-(total) labor ratio is;/(h; + h;) and this can be decomposed into two parts as
Ki * ﬁ In the model, the first term increases more but the secomd dexcreases
more in the high-wage industry wherincreases. Hence, if we can observe a positive
relationship between the growth of ICT capital per worket #re initial industry wage
premium, it implies thak; grows more in the high-wage industry, which is consistent
with the prediction of the model.

Furthermore, in the empirical analysis, we compute the groate of employ-
ment for each occupational group, and compare the coefficadthe regression over
the initial wage premium when evaluating the main predictbthe model (the last part
of Proposition 1), which basically conveys the same infdromaas the proposition; if
the growth rate is lower in routine occupations than in noutine occupations, which
is an alternative way of defining job polarization,will increase as the price of ICT

capital decreases.

2.4 Conclusion

In this paper, we propose a theory to explain the link betwberdegree of job
polarization and interindustry wage differentials. Intparar, we analyze how the mar-
ket responds to the interindustry wage structure with asector neoclassical growth
model; the model predicts that a high-wage industry woutdease the capital-routine
worker ratio more than a low-wage industry when the rentat obcapital declines and
hence job polarization is more evident in this industry. Magportantly, the predic-
tions of our model are consistent with empirical facts thatsaudied in Shim and Yang
(2014).
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2.5 Appendix

2.5.1 Unions: Microfoundation to Interindustry Wage Differentials

In this appendix, we develop a labor market environment incivithe wage
structure given in equation (2.4) is derived endogenously.

In particular, we adopt the labor market environment uguadled in the New
Keynesian literature, as in Smets and Wouters (2007) anegkatal. (2000). We as-
sume that a firm can buy labor only through a labor union. Motiat the existence
of a labor union is assumed only for convenience of the mdtelkey here is that the
wage of a particular industry can be different from the wagfesther industries. One
might have a concern, in addition, that unionization in th8.Uks too small to be consid-
ered; according to recent estimates, only atsoprcent of U.S. private-sector workers
are covered by a union agreement (Taschereau-DumouchE2)j20As Taschereau-
Dumouchel (2012) shows in his paper, however, the ‘threfatdoming a labor union
can still have an impact on a firm’s decisions in equilibrisang hence it is not prob-
lematic to assume the existence of a union and its effect @esvaln addition, as we
pointed out earlier, a union itself is not an essential fieatii our model; one can adopt
alternative labor market structures so long as they canrgeneages different from the
ones determined in the competitive labor market. For icggaone might consider an
efficiency wage model, as in Alexopoulos (2006), by assurtiiag) the detection rate
of shirking is heterogenous across industries. Insteagl noght assume that the value
of matching is different across industries, as in Montgon{@991). Under the setup of
our model \! captures the differences across industries. Thereforeawénterpret the
labor market environment used in our model as a reduced-faaynto generate wage
differentials across industries.

To showcase the importance of different levels of marketgyavi labor unions,

we assume for now that both industries have labor unions dirchan industry: €
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{1, 2} buys labor only from the labor union of the same industry.ddigon, we allow
possible differences in wage rates across non-routine@rtthe workers employed in
the same industries, which does not change the main redutsr in this section, we
assume that the labor union of indus2rgioes not have market power, so that it is equiv-
alent to the competitive labor market environment. The labarket is organized as
follows. Firstly, the labor market (broker) supplies warkéo the labor union of each
industry atw,;;, wherei € {1,2} andj € {NR, R}. The labor union unpacks the
labor into different varietiesi’, (1), I € [0,1], and sells them at wage raié,(1). In so
doing, the union acts as a monopolist for each single varigte different labor vari-
eties are purchased by perfectly competitive intermeeagalled labor packers. They
produce aggregate labor for each tasiccording to the CES (Dixit-Stiglitz) production

function:

A 1 A L 14
where)\!, the wage markup in industry measures the market power of the union. We
assume that the wage markup is the same across differerpatams (tasks). Notice
that if \’ = 0, the labor union does not have any market power, so that waijdse
determined by the competitive labor market.

The labor bundlef}, is then sold to the firm at a given prieg/,. The cost

minimization of labor packers yields the following labomadand equation:

_14a?

Hi(1) = (w—“)) ’ H}, (2.22)

Wiy

. . _ 1 =Y
and the wage aggregatar, = [fol (wft(l)) At dl] . Furthermore, the zero profit
condition of the labor packers yields, i1, = [ w?, (1) H},(1)dI.

2

Now we consider the labor union’s problem:

mas (1) = (wi (1) = wie) H

subject to the labor demand equation (2.22). Substitubiegbnstraint into the objec-

142

tive function reduces labor union’s problem(ﬁo{t(l) — Wyt <w5tf”>i . HY,. Differ-
Wit

entiating with respect ta/;(1) yields:
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. A\ Hi
H) =5 ) = i) 220 0
Xwh(l) = (1+X) (wh(l) —wi) (2.23)

Hence,

Note that in a symmetric equilibriunay, (1) = w?,, and hence,

wh = (1+X) wij (2.24)

Therefore, with\ > 0, a labor union collects more labor income from firms and
resulting profits (dividends) will be given back to houselsohs a lump-sum transfer.

From now on, we will assuma! > X2 = 0, and hence the labor union in
industry2 does not have any market power. This impﬁg!,s: wyj; and the indifference

condition for positive employment for both industries il

wl, = (1+ ") wl, (2.25)

These are interindustry wage differentials in our economigile workers are
identical, a worker employed in industiyearns more than the other worker hired in

industry2.

2.5.2 Equilibrium Conditions
Non-Steady State

In this section, we present the set of equilibrium condgitrat characterize the

definition of the equilibrium:

S g g + (1 — 0) 2 (2.26)
Ct qt+1

Wy = 9Ct = W2t (227)



wherei = 1, 2.

1—-v

2
Y = [Z yz‘ltl/]
i=1

k
lim 7 =0
T—0o0 Ccr

Wit = (]. + A)wgt

11—«

o = sy (Bl + 1)

Wit _ Yt

Pit hzt
Wit _ (1-a) My Yiu
Dit hly + kb hit
T (1 )t
Dit Rk, + Kt ki

ktJrl = qt(yt — Ct) —+ (1 — 5) ]{It

hiy + hoy + ith + iL2t =ny

kit + koy = Ky
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(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)

(2.39)
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Steady State

In this section, we present the set of equilibrium condgiofthe steady-state

equilibria wheny, = ¢ for all t:

5—1+0
r=8_" (2.40)
4q
w = fc = wy (2.41)
b= (3) (2.42)
Yi

y = [Z y%”] _ (2.43)

w; = i (2.44)
wy = (1+ \)w, (2.45)
yi = he <ﬁ§‘ + /c;‘) B (2.46)
% - az— (2.47)
= (1 _&)E‘-‘Jrk“ﬁ_l (2.48)
r Ky
PR T (249
5
c+-k=y (2.50)
q

hi+he+hi+hy=n (2.51)
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wherei = 1, 2.

Equilibrium conditions (2.40) and (2.41) are from the hdwdd’s problem,
equilibrium conditions (2.42) and (2.43) are from the finabds-producing firms’ prob-
lem, (2.46) to (2.49) are from the firm’s problem, (2.44) a@d4%) are wage rules,
and (2.50) through (2.52) are market-clearing conditiégiise can show easily that the

household budget constraint is redundant (Walras’ law).

2.5.3 Appendix: Proof of Proposition 1

We first obtain the following equations by dividing equati@47) (equations
(2.48) and (2.49)) for industry 1 by equation (2.47) (ecuadi(2.48) and (2.49)) for
industry 2 and apply the wage structure given in equatiofb(2.
Y1 ho

1+ A=>=— (2.53)
Y2 hy

g G MR AR
Yo by BRE 4 K

(2.54)

yi _ kR R
Yo ky M RE 4k
Combining equations (2.54) and (2.55), we obtain the falhgwelationship:

(2.55)

LI (2.56)
b by

where¢ = (1 + A)ﬁ > 1. For simplicity of notation, we let; = fL— in what follows.
Hence, the above equation is naw= ¢«x.

We then combine equations (2.48) and (2.49) to obtain theviolg equation:

Wy = e, * (2.57)

Recall thaty andr are inversely related (see equation (2.40)) and hence arhigh

g implies a lowerr. Accordingly, in what follows, we conduct comparative statvith



55

respect to- for convenience, while we report the comparative statith vaspect t@ in

the main text. We first differentiate equation (2.57) witbpect tor:

d’lIJZ — d"il
dr Lodr
Note that?t = (1+))%2 and%2 = ¢%2 from the wage structure and equation

=k (- )k (2.58)

(2.56). Then, we can solve fdff, whose expression is given as follows:

d/@z K9
— =—-—"—<0 2.59
dr r(1— p) < ( )

As a result, as one can expect from the substitutability betwoutine workers
and capital, a lower rental cost of capital acceleratesa@lageepening (in terms of the
capital-routine worker ratio). In additiodst = ¢%2 < %2 < ( implies that capital
deepens more in the high-wage industry; the high-wage tngtrges to find a way to
reduce labor cost, and the reduction of the price of capratiges the incentive for the
high-wage industry to rent more capital in order to replam#tine workers more than
the low-wage industry.

We defines; = Z— This measures, as discussed in the main text, the share of
non-routine workers over routine workers. sifis increasing, it means that more non-
routine workers are employed for given numbers (hours) ofine workers and hence
it can be interpreted as job polarization. In order to stumyeffect of changes in(and
hencey) on job polarization, we combine equations (2.47) and (2.48

1 B l—a s

- 2.60
X a 1+k! (2.60)

Notice that the left-hand side of the above equation is @msitl /y while &;

increases as decreases. As a result, it should be the cas%h& 0. Formally,

ds; « dk; a  drl
g e A | 2.61
dr  x(1— a)'lmz dr x(1—a) dr < (2:61)

Hence, as the price of capital decreases, job polarizatioars in both industries.
Now, we compare the degree of job polarization across im@gstNotice that
the degree of job polarization is apparent in the high-wagestry if |22 | > |£2| We

use equation (2.61) and the relationship= ¢x,:



56

dsv @ perdir
dr )((1—Cu)'u Loar
I R L L 2.62

Hence,|%1| > |%2| since¢ > 1 andy > 0.

The above equation shows clearly that the degree of job ipataan becomes
greater in the high-wage industry wherdecreases. Suppose instead that 0, so
that there is no industry wage premium. Then, it is clear ffrrlat: %2, and hence job
polarization is of the same magnitude across industriesa fesult, the heterogeneity
in the progress of job polarization across industries @®es in\, which is consistent

with our intuition.



Chapter 3

Precision of Market-Generated
Information in Economies with

Coordination Motives

Abstract. We study the interaction between the precision of exogermas
market-generated information in a class of economies wiirens display coordination
motives in presence of dispersed information and where tibh@me of the coordina-
tion is traded in a competitive asset market a-la Grossmdrséiglitz (1980). We show
that when more private information is injected in the cooatiion economy the equi-
librium asset price becomes less informative. To showdasedievance of our result
we present an application to a problem of endogenous infoomahoice where the
“Knowing What Others Know” property of information acquisn derived by Hellwig

and Veldkamp (2009) breaks down in presence of market-gawmformation.

57



58

3.1 Introduction

We study the interaction between private information ancketagenerated pub-
lic information in the context of economies in which ageraue, either positively or
negatively, what other agents are doing in the aggregateud@conomy, firms play a
coordination game of incomplete information (e.g. induadlinvestment productivity
function of aggregate investment) and use private and pusiginals to set optimally
their actions. Simultaneously, an asset market is operatirere risk averse traders ex-
change claims to dividends that are function of the outcohtieeogame for claims on a
risk free asset. We let the equilibrium price be the main@®of public information for
the firms and we study how the information aggregating ptoggeof the asset market
are affected by the game played by firms.

Our main result reveals that when the private informatiold tg firms in the
incomplete information game is made more precise, theibguin asset price becomes
less informative. Stating it differently: more precisevaie information leads to less
precise public information.

The intuition behind this result goes as follows. In the clioation game the
individual optimal strategies take the form of a linear camation of the private and
public information. In the aggregate the noise in privatenmation washes out and
the game outcome is a function of the fundamentals and thiecpoformation. When
private information is more precise, its relative weighttie individual optimal strategy
is adjusted accordingly, which results in the outcome ofgamme being more sensitive
to the unobserved fundamentals relative to the public m&dion. Now consider the
optimal strategies of risk averse traders in the asset mafkaything that makes the
outcome of the game more predictable reduces the risk pertby the traders and lead
them to take more aggressive positions on the asset, i.&ignssthat are more sensi-
tive to the traders’ private information. With more aggressndividual positions the
asset market aggregates traders’ private information reffi@ently into the equilib-
rium price. When the private information of firms in the cooation game is increased
the traders perceive that the dividend of the asset is rigkié relies more on fundamen-
tals, which are harder to predict. Traders react by takisg &ggressive positions, thus

using their private information less intensively, whichafiy results in the equilibrium
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price aggregating information less efficiently, and becuagiess precise.

An additional result that we derive concerns the role of tkegenous precision
of public information. In our setting this precision compesds to volatility of the part
of the net supply of the risky asset that is unpredictable.sWtWav that when the asset
market is trading over claims on the outcome of the game, pssmal to trading directly
on some underlying fundamental, any increase in the exageme@cision of public in-
formation results in a more than proportional increase & grecision of the market
generated information. Once again, the mechanism thabébsd this magnification
effect has to do with the way traders in the market react tehiamges in the coordina-
tion game. Everything else equal, if public information ®@& more precise firms rely
more on it, which makes the game outcome more predictablegders, which would
now take more aggressive positions. The final result is a raffi@ent aggregation of
information by the asset market, which magnifies the inittzdnge in the exogenous
precision.

To showcase the relevance of our results we present an iafamacquisition
problem in presence of market-generated information. rinédion acquisition in our
setting takes the form of a privately observed signal withiexision that is increasing
in the costly effort spent on information; in this sense at@vinformation can be “pro-
duced” at the individual agent level by investing real resed. Hellwig and Veldkamp
(2009) show that, in general, in economies with coordimatimtives, the coordination
incentive is exactly transferred into the information asdion incentives: the more
agents invest in resources to produce precise privatentdoon in the aggregate, the
more any individual agent has an incentive to increase (résprease) her investment
in private information when agents’ actions are complemémsp. substitutes). In the
words of Hellwig and Veldkamp, agents want to “know what oshienow”.

We show that the exact transfer of incentives from the coatitbn game to the
information acquisition breaks down when market generetamation is introduced.
More precisely, we show that in presence of complementdrayknowing what others
know” result is strengthen by market prices, while in preseof substitutability it is
weakened, and for low enough substitutability it can be towaed.

We outline here the intuition for the result. As already n@med, in a coordina-
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tion game with incomplete information the optimal actioradirm takes the form of a
linear combination of private and public signals with nagative weights. Compared
to the complete information case, in presence of strategicplementarity the agent
optimally distorts the weights by reducing the relevancprofate information in favor
of the public signal which is a better predictor of coordioatin actions, a valued char-
acteristic of the game outcome independently of the truddomentals. Under strategic
substitutability the opposite is true, the weight on prvatformation is optimally dis-
torted upward, and the weight on public information dowrdvar

Consider now the effect of increasing the aggregate infaomacquisition ef-
fort of the firms on the incentive to acquire information o thdividual firm in presence
of either complementarity or substitutability in the unigierg game. When aggregate
private information is more precise all firms adjust theingiding towards private in-
formation and away from public information. Under complertagity in actions, the
individual firm anticipates that public information has bete a worse predictor of the
coordinated outcome and thus assigns more value to its awat@information, which
means higher effort in private information acquisition. dén substitutability, on the
other hand, as public information is a worst predictor of ¢berdinated outcome, the
individual firm assigns a higher weight to the public sigmalthe attempt to distance
itself from the actions of others. The final result is les®efin private information
acquisition.

Suppose now that public information is obtained from theildgqium asset
price. From our main result we know that an increase in theigien of firms’ private
informationreducesthe information contained in the asset price. A less infdivea
asset price has two effects on the optimal information ahoiche individual firm. On
the one hand, if all firms rely less on a less precise publieajguch signal becomes
a worse predictor of the game outcome and firms will reduaeievance when actions
are complements, while increase its relevance if actioasabstitute. We call this the
“coordination” effect of price precision, as the directmfiithe effect depends on the type
of coordination motives in the economy. Since the precisibiine asset price declines
when firms allocate more effort towards increasing privatermation precision, the

coordination effect is increasing the value of private infation under complementar-
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ity and decreasing it under substitutability. The coortdoraeffect in the low precision
equilibrium reinforces the “knowing what others know” maaism. On the other hand,
itis always true that a less precise public signal incretteegalue of a more precise pri-
vate signal, which means that the incentive to invest ingtevnformation increases, no
matter the type of coordination incentives. We call thigetfthe “individual” effect of
price precision. If the individual effect dominates the @ination effects, the value of
the effort in improving private information increases wilie increase in the aggregate

effort even when the coordination game displays strategistiutability.

RELATED LITERATURE. Several recent papers have studied, as we do here, the inter
action between endogenous public signals and coordingtiores of incomplete infor-
mation. Angeletos and Werning (2006) study the effects wbducing an endogenous
public signal in games of regime change in terms of the miidtip of equilibria. Our
modeling of the market that generates public informaticsinglar to that of Angeletos
and Werning (2006), but differently from them, we focus oaremmies with weak coor-
dination motives and unique equilibria and we model playetie coordination game
and traders in the market as different subjects. Vives (R6tiRlies the welfare effects
of introducing an endogenous public signal in a game withrdioation motives that is
similar to ours. The endogeneity of the public signal is Mmedéy assuming that agents
can observe a linear noisy statistics of the aggregateradildferently from Vives we
explicitly model an asset market that produces the publarmation as a market clear-
ing price, and, most importantly, we consider traders thatigk averse, which makes
the perceived uncertainty surrounding the coordinatianegautcome relevant for the
equilibrium outcome. Our paper is also related to Amador\ed| (2012) who study
the welfare implications of releasing exogenous publioiimfation in an environment
in which agents learn from endogenous public informatiochsas market prices, and
from endogenous private information, such as local intevas.

Our application relates to a recent strand of literature rmotogenous informa-
tion acquisition and coordination motives. Several paperge reviewed, as we do,
the generality of Hellwig and Veldkamp (2009)’s “Knowing \AWthOthers Know” re-
sult by considering different settings. Myatt and Walla2812) consider the setting

of Hellwig and Veldkamp (2009) but endogenize the choicenédrimation along two
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dimensions: signal choice and attention to be paid to a kigiteir analysis focuses
on the effects of information choice to the emergence of gumeequilibrium in situ-
ations where Hellwig and Veldkamp (2009) obtain multipleiiégria with respect to
information choice. Colombo et al. (2014) consider the getous information choice
for economies with a flexible quadratic-Gaussian struciutie the objective of study-
ing the welfare implications of different public informati policies. The information
coming from public signals in their setting is set by a pulalighority rather than be-
ing the outcome of a competitive market, and therefore isdus react to changes in
the private information of agents through market inte@wdias it is the case in our
setting. Szkup and Trevino (2013) is closest to the reshéiswe obtain as they also
show conditions where the “knowing what others know” préypean break down. In
particular, in their setting information acquisition cathibit substitutability even when
the underlying game exhibits strategic complementarityo Teatures distinguish our
model from their model. First, they consider coordinatiamgs with ‘strong’ comple-
mentarity, sometimes known as “regime-attack” games, eMfié model we consider
exhibits ‘weak’ coordination motive as Hellwig and Veldkart2009) do. Second, the
key mechanisms driving the results are different. In our ehothe key effect is the
decline of the informativeness of the public signal due tarmnease in the precision
of private signal of the players in the coordination gameStkup and Trevino (2013),
instead, other players’ better information sometimesekeszs the cost of incurring in a
prediction error for the individual players. As a consedqera player, everything else
equal, has an incentive to choose less precise information.

The rest of the paper is organized as follows. Section 3.2efscahd studies
the coordination economy. Section 3.3 characterizes tioenration properties of the
equilibrium asset price and contains our main result. 8e@&i4 presents an application
of our result to a problem of endogenous information actjaisi Section 3.5 concludes.

Proofs can be found in Appendix A if not reported in the makt.te
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3.2 Coordination Economies

We focus on a class of coordination economies as modeled lgglatos and
Pavan (2007). In the economy there are a continuum of agents, 1], the individual
action of agent is denoted by:;. Let U(a) denote the cumulative distribution function
for individual actions across the population; the averag®ais A = [ ad¥(a). Let
0 € R represent an exogenous payoff relevant state of the woHathwve will refer to

as “the fundamentals”. We assume that playepayoff function is

U(a,A,0) = —%(a— (1—7’)0—7“/1) . (3.1)

wherer € (—1,1). Under (3.1) the payoff of the agent is higher the smallehés t
distance between her actiarand a linear combination of the aggregate action and the
fundamentals. The parametemeasures the degree of desired coordination between
the individual and the aggregate action: when 0 agents actions are complements,
whenr < 0 they are substitutes. Note thdtis concave at the individual level, which
ensures that the optimal best response is bounded, andothe &l the best response
with respect to the aggregate actidns smaller than, implying a unique symmetric
equilibrium?

In what follows we will refer to the agents choosing actiorunder (3.1) as
firms in order to distinguish them from theadersthat participate in the asset market
(see Section 3.3). Firms do not observe the fundamefiat®r the average action
A. It is assumed that each firm forms expectations using twaatsg a private signal
x; = 0+ (am)—%gi with ¢; ~ N(0,1), and a public signab = 6 + (ap)—%g with
e ~ N(0,1). For expositional purposes it is useful to allow the sigrfedm arbitrary
firm ¢ to have a precision that can in principle be different frora grecision of the
private signals received by the other firms. In line with tles&ng literature we will
restrict our focus on symmetric linear equilibria. As a amsence, here we proceed
by solving for firm: equilibrium action assuming that all the remaining playease
a private signal with a common precisiof. Since the noise in private information is

assumed to be i.i.d. across agents, in any symmetric equihb the aggregate action

'The specific form of the payoff function is assumed for arieéftconvenience and it is without loss
of generality for the results derived below. In the Appendix discuss a general form of the payoff
function whose key features are all captured by (3.1)
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A will be a function of @, p) only. Following Angeletos and Pavan (2007) we define the

equilibrium of the economy as follows.

Definition. A linear equilibrium is a strategy : R? — R linear in z andp such that,
for all (z,p)
a(z,p) = argmaxE |U(a’, A(0, p), 0)|z,p|, (3.2)

whereA(0,p) = [ a(x, p)d¥(z|0,p) and¥(z|0,p) denotes the conditional distribution
of z given(d, p).

Under complete information the equilibrium action is giveyna* = 6. An-
geletos and Pavan (2007) show that under incomplete intovman individual strategy

a : R? — Ris an equilibrium if, and only if, for al(x, p) it satisfies

a(x,p) :E[(l —7’)~9+7"-A(9,p)\x,p], (3.3)

whereA(6,p) = Ela(z,p)|0, p] for all (4, p). The following proposition then immedi-

ately follows.

Proposition 2. Suppose that the precision of the private signal of fiiegiven byx,, ;,
while the precision of the private signal for all the othenis isa,.. For any given value

of (A, p) a linear equilibrium exists and is unique. The equilibriuctian of firmi is

given by
a;(z;,p) = Yillw; + (1 — P N)p (3.4)
with
b= —2% gnd A= Qo T Op (3.5)
Z—OZLZ'—'—CKP _O[x—l—%. .

In the linear equilibrium the aggregate action across firms i

Al,p) =X+ (1—-XN)p (3.6)
where
Qg
A= —————. 3.7
ot o (3.7)

Compared to the complete information case, the equilibaction (3.4) substi-

tutesd with a linear combination of the information availaljle p). The weights that
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a standard signal extraction exercise would suggesgre distorted by the term. In
presence of strategic substitutability, i.e. fox 0, A > 1 and private informatiomn;
receives a disproportionately higher weight than publforimationp. In presence of
strategic complementarity, i.e. for> 0, A < 1 and the opposite is true, public infor-
mationp receives a disproportionately higher weight than privatermationz;. The
distortion is common across firms and it carries over to tlggegate so that the average
action places more importance on the public signal ratteer tn the true fundamentals

6 as shown by equations (3.6) and (3.7).

3.3 Asset Market

3.3.1 Demand, Supply and Equilibrium

We model the asset market using the CARA-Guassian frameafdBtossman
and Stiglitz (1980¥. The market is made of a large number of traders that havaliniti
wealthw, and decide how to allocate it into a risky asset with pri@nd dividendf (6)
and a riskless asset with return equal to 1. The utility oftthderi is V (w;) = —e 7"
with w; = wog + fk — pk, wherek is the demand for the risky asset. Traders base
their prediction of the dividend on the information conveysy the equilibrium price
and by a private signhal = 6 + (ay)‘éey, whereq, is the precision of the signal and
g, ~ N(0,1). Traders individual demands take the standard “mean+weeigorm

d _E(fly,p)—p
K,p) = YV(fly, p)

The supply in the asset market is assumed to be stochastenaaditok* () =

(3.8)

(ae)—%g. Traders do not observedirectly, but they try to infer it from the information
that they have available. The presence of a stochastic\sirpible asset market prevents
the equilibrium price to reveal perfectly the fundameritathe lower isa. the lower
the information abouf in p, everything else equal. In what follows we referdpas
the “exogenous” precision of the public informatipn The equilibrium market price

ensures that the following market clearing condition hplds

2In modeling the asset market we follow closely Angeletos\afetning (2006).
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/ " Ky, p)oy)dy = K = K*(e), (3.9)

[e.9]

whereg(y) represents the pdf of a Normal distribution.

3.3.2 Exogenous Dividend

We consider first the case of an exogenous dividend, whialegsponds to the
function f being exogenously specified rather than being the outcoreemé endoge-
nous process. To maintain normality of the distributionsse®f = 6. We conjecture a
price that is linear ird ande of the formp = 60— (ap)—%e. The posterior ofl conditional
ony andp is normally distributed with meaéy + (1 — §)p and variancéa, + «,) .

The individual demand for the asset is therefore given by

Ky, p) = %(y —p). (3.10)

The aggregate asset demand is obtained by aggregatinghovadual traders’
demands, which giveK?(6,p) = %(9 — p). Imposing market clearing one obtains

p=10— aly(as)—%e which results in the equilibrium precision of the assetgbeing

a, = a. (ﬂ) (3.11)
y

In equilibriumc,, depends on the precision of the private information of trade
and on their degree of risk aversion. In particular, the éighe precision of the private
signal of the traders,, the higher the precision of the price. This follows from toem
of the individual demand (3.10): a more precise privateaigmakes the demand more
sensitive to the difference betwegrandp, which means that the aggregate demand is
more sensitive t@ and thus more information is carried by the equilibrium ericA
similar intuition applies for the risk aversion parameteias traders become more risk
averse, their demand is less sensitive to private infoonaand so aggregate demand
is less sensitive t@, and a less informative price results. Finally, we note that
equilibrium precision of the market generated public infation depends linearly on the
exogenous precision of public informatian. As the exogenous precision is increased,
the equilibrium precision is proportionally increased adlwinterestingly, for a given

realization ofp, a. does not affect the asset demand, which suggests that thereus
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precision factors into the price precision only through sugply side of the market

clearing condition.

3.3.3 Endogenous Dividend

Consider now the case of a dividend that is equal to the agtgeagction in
the coordination game, namefy = A(6,p). The endogeneity of the dividend to the
outcome of the coordination game is a simplified way to captupotentially deeper
interconnection between a competitive speculative mankétin economic environment
with coordination incentived.Using (3.6) the conditional average and variance of the

aggregate action can be written as
2

(6%
E|A(6 = \—7 — and V/[A(6 = 3.12
[A0,p)y, ] %+%(y p) +p [A(6,p)|y, p] p——— (3.12)
The individual asset demand is then given by
«
K (y,p) = —<(y —p) (3.13)

YA

The expression differs from the exogenous dividend casehipresence of
A. Recall thatA measures how reactive is the individual (and average) raatidhe
coordination game to changesdnWhen\ is high the dividend is very reactive to the
underlying fundamentals. As a consequence, risk averderggerceive the asset as
riskier, and assume less aggressive positions. A lesstiseniadividual asset demand
to the difference between the private signal and the prisealt®in an aggregate demand
that is less sensitive t6. Aggregating demands one obtailié(d, p) = %(0 — p).
Imposing market clearing for the asset the equilibriumereyp = 6 — /\1—(’;5 and the

precision of the asset price becomes

2
o
ap = ozg(/\—i) (3.14)

Note thato, is decreasing ir\. Everything else equal, the more firms aggregate action
A responds to fundamentals, the smaller the traders posiiothe asset market, which

results in less information being encoded into the equilibrasset price.

30ne possible micro-foundation of this feature can be obtaby considering a “market monitoring”
contractual agreement as in Tirole (2006), where a prih@gant (or more appropriately “agents” in
our case) problem is addressed by allowing speculativeetsah trade on claims on the outcome of
the project. We abstain from modeling the equilibrium ratioh of the incentives problem explicitly
here, but we focus on the informational consequences of@fpa market populated by agents that are
different from those involved in the game whose outcome theket is pricing.
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Substituting the expression farfrom Proposition 2 the fixed point condition for

o, takes the quadratic form

Oy 2 ap 2

It can be showed that equation (3.15) has always two pogigigksolutions,
a high precision one and a low precision one, provided Zﬁga a: < /(1 —7)a,.
When the latter condition is not satisfied, an equilibriumtfee asset market does not
exist. Multiplicity in the asset market is generated by énadtrying to predict a dividend
that is itself the outcome of a signal extraction problemalihdlepends on the asset
price, and thus on traders dividend predictidrii outline an intuition for multiplicity,
let us abstract from strategic incentive for a moment andiciem the case of = 0, so
that\ = P When the precision of the asset price is low, firms allocdtsvaveight
to the public signal and a high weight to their own privatensig This corresponds to
a high A, which makes the dividend very reactive to the fundamefitaRisk averse
traders, everything else equal, will respond by taking nuanetions positions on the
asset and this, in turn, will lead to a less reactive assetddmnd a less informative
price, which reinforces the initial low precision. When firecision of the asset is high,
exactly the opposite argument holds: firms will rely more lo@ price, which will make
the dividend more predictable, which will make traders tilktger positions and thus
make the price more informative.

While both levels of price precisions are legitimate eduidi, they turn out to
have different properties around the equilibrium point.o&oxclear, if one considers the
stability of the equilibria with respect to variations iretasset price, both equilibria are
stable in the sense that the asset demand is always downlwpitigsat the equilibrium
point in both cases (see figure 3.1b). On these grounds, bctdsould be considered
as acceptable from a theoretical point of view. This is fetamce the notion of stability
that is advocated by Ganguli and Yang (2009). We insteadvioManzano and Vives
(2011) and argue that a different notion of stability neexlbe applied for fixed point

4The multiplicity in the precision of the asset price is samito the multiplicity obtained in Ganguli
and Yang (2009).

5|t is possible to show that as the precision of private infation for the firms is made arbitrarily
large, the high precision equilibrium would disappear drelow precision equilibrium would coincide
with the case of the exogenous dividend.
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Figure 3.1a : Precision Stability Figure 3.1b : Price Stability

Figure 3.1: Stability of Equilibria

conditions such as (3.15). Manzano and Vives (2011) progese if the equilibrium

fixed point condition can be written as= f(«), stability should be defined as

Definition. A fixed pointx is stable if| f'(«)| < 1.

In our casef(a) = a. (ﬂ

2 2
S ) <ﬁ + 1) , which leads to the following result.

Proposition 3. The high precision solution t8.15)is unstable; the low precision so-

lution is stable.

Figure 3.1a shows the graphical representation of the fix@at g1 (3.15). At the low
precision equilibrium the mapping has slope less than 1, while at the high precision
equilibrium the slope is greater than 1. According to ourrdedin of stability, o, is
stable, whilerv; is unstable.

Following the result of our stability analysis, from now oe westrict our atten-
tion to the low precision equilibrium. It should be notedwewer, that our results would

be reversed if we were to consider the case of the unstaltephegision equilibria.
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3.3.4 Exogenous Private Precision and Price Precision

We are now in a position to analyze the relationship betwlenptecision of
private information at the coordination game stage and tbeigion of the asset market

generated information. The following proposition statasmain result.

Proposition 4. The precision of the equilibrium asset price is decreasiitye precision

of the private information of firms. Formally

9% _y, (3.16)
ooy,

The intuition for this result can be gained by recalling oistdssion about the
effect of A on the perceived riskiness of the asset dividend. When nrex@se private
information is available to firms, i.e. whefw, > 0, they rely more on their private
signals, which makes the aggregate action in the coordimattonomy more responsive
to the actual economic fundamentals as opposed to the gigthas$, in turn, makes the
dividend riskier from the perspective of the traders anddfoge reduces the sensitivity
of aggregate asset demand to the fundamehtalhich eventually results in a noisier
price. The negative relationship between the informatieailable to firms and the
information contained in the asset price emerges in theegbof a coordination game

of incomplete information and it is, to the best of our knadge, novel to the literature.

3.3.5 Exogenous Public Precision and Price Precision

The interaction between the coordination economy and tketanarket also
affects the ways in which the exogenous precision of publicrmationa. translates
into the market generated precision of the asset price. dthserecall that in the case of
an exogenous dividend the precision of the asset price msearifunction ot., so that
the derivative of the asset price precision with respedtéceixogenous public precision
is constant and equal (%)2 The following proposition shows that the presence of the

coordination economy enhances the increase in publicnrdton precision.

6ln Rondina and Shim (2013) we show that a similar result halden the dividend of the asset is a
function of the outcome of a regime change game, such asemyrattack game or a bank run game. We
use the result to show that when information precision ofg@iain the game is made arbitrarily precise,
the introduction of an endogenous public signal does notssarily imply multiplicity of equilibria, a
result that qualifies the criticism of Angeletos and Werni2@06) to the uniqueness result of Morris and
Shin (1998).
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Proposition 5. The precision of the equilibrium asset price is increasimghie exoge-

nous precision of public information according to the exgsien

Oay, Qy 2
=vl|l —= >0 (3.17)
da, y
where
o 2 1
V= 7p+1)7>1. 3.18
<<1 “en ) T @) (3.18)

Once again, the intuition for this result lies in the role)oin determining the
perceived riskiness of the asset. When more precise pulflicnnation is available
firms reduce the weight they assign to their own private miation, which makes their
actions less sensitive to the true fundamentals. This ntedesrs’ positions more sensi-
tive on their private information and thus enhances theigi@tof the equilibrium price.
Note that while in the exogenous dividend cas@perates only through the supply side
of the market, in the endogenous dividend case the behalifonts in response to a
change im. is inducing traders to use their own private information enimtensively,
thereby changing the demand side of the market as well. Thee-than-proportional
enhancement of public information precision is thus derrdmen in the endogenous

dividend case.

3.4 Application: Endogenous Information Acquisition

To showcase the relevance of the results just presentedudyg atproblem of
endogenous information acquisition. In particular wewlkirms to choose the pre-
cision of the private signal they receive,, in exchange for exerting a costly effort.
We are interested in understanding whether in presence fetrgenerated informa-
tion the information acquisition effort choice of an indival firm is complement or
substitute with respect to the information choice of othend$i and with respect to the
exogenous precision of public information. We think of tiaemade of three stages.
In stage 1 firms choose how much precision to acquire andendtamws the vector of
stochastic shocks. In stage 2 traders observe their psigit@ly and set their demand
strategies and the asset market clears at the competitivibeigm price. In stage 3,

firms observe their private signal the equilibrium price and, conditional on both, set
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their optimal strategies in the coordination economy. Waugoon symmetric perfect
Bayesian equilibria of the three-stage extensive form dgeane use backward induc-
tion to characterize the equilibrium strategies. We begirstlving the coordination
game at stage 3, given a pre-specified symmetric informatamice across agents and
an arbitrary asset price. Then, given the outcome of thedooation game we solve for
the equilibrium asset price of stage 2, and finally, we stindyibhformation choice at

stage 1 under the equilibrium restrictions that we obtainesages 2 and 3.

3.4.1 Private Information Acquisition and Market Generated In-

formation

We assume that the information precision of a firohepends on the amount of
effort n; > 0 that is exerted in stage 1. We capture this relationship mptieg the
private precision withv, (n;) where the functiony,( ) is assumed to be non-negative,
non-decreasing, weakly concave and differentiable. thteng the relationship be-
tween precision and effort is not strictly necessary for aalysis, but it allows us to
distinguish more easily what signal precisions are colaaddy the individual firms and
what are taken as given but still endogenous in equilibritihe private signal received

by a firmi can be then written as
x(n) =0+ ax(n)_%sm (3.19)

Firms choose: taking into account the effect that the private informafioeaci-
sion has on the utility they expect from playing the coortloragame once the signals
are received. The expected utility at the information caditage i€, [U*(a, A4, 6)].
Here U* denotes the fact that, given any information chaigeghe payoff function is
specified using the function describing the optimal stratdgtage 3, whilé&, denotes
that expectations are taken with respect to the common Ipei@re signals are realized.

For simplicity we consider symmetric equilibria in infortran choice at the ag-
gregate level and so we latrepresent the information acquisition effort across firons,

aggregate information acquisition effort. The individtiah : chooses effort taking the

"Because each individual agent is infinitesimal beliefseuftilibrium path need not be specified as
any deviation from a single player cannot possibly be detect
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aggregate effomh as given. The infinitesimal dimension of each individual fisnsuch
that the individual deviation from the aggregate informatchoice has no detectable
effect. On the other hand, the aggregate information eff@ffects the precision of the
asset price and thus the asset price itself. We embed tbhisintnotation by denoting
the asset price by(n) and its precision byy,(n). Using Proposition 2 the optimal

strategy for an individual firm is given by

a(z;(n), p(n)) = A(n,n)z;(n) + (1 — A(n,n))p(n) (3.20)
where

az(n) + a,(n)

a,(n) + af’f(l;) '
(3.21)

A(n,n) = A(n)¥(n, n); @z)(n,n):%(n(;é:(n())[p(n); A(n) =

Defining A\(n,n) = A(n) from the above relationships it follows that the aggregate

action of firms is

a,(n)
EQE%@,QQ)

A(0,p(n)) = A(n)0+ (1 — A(n))p(n) where A(n) =
At stage 1 firms anticipate that the equilibrium of the conatiion satisfies (3.22)
together with market clearing in the asset market. Inforomasets at stage 1 are the
same across all agents and consist of the structure of the gachthe common degen-
erate prior over. Because the utility of firms is quadratic, the expectedtytdt stage
1 depends only on unconditional second moments. Using thiirgqum relationships

above it is possible to show the following Lemma.

Lemma 1. Suppose that at stage 1 in the economy the aggregate infamadquisition
effortisn. The expected utility for an individual firm with informatiacquisition effort

n is given by

B0 4,0)] = unm) =5 [HH A

ap(n)

+7(1 = A(n,n)) [%E\TSI)

wherea(n) is a constant term that does not depend on the choice variable

}+mm (3.23)

To understand the terms on the right hand side of (3.23) hatdhe effort choice

n at the individual level affects only the individual actiary redistributing the weight
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A(n,n) between the private signal and the public signgh. SinceU is quadratic, it
follows that the choice of. can affect only the terms in the payoff function that depend
on a; these are the variance of the individual actifigja?], and the covariance of the
individual action with the aggregate actidiy[aA], and with the statefy[af]. Using
(3.20) andp = 6 — , */*c one can obtain expressions for these three terms. First, the
covariance between the individual action and the diafed] is just a function of the
common prior over the variance éfwhich is unaffected by the information choice and
it is therefore included ini(n). Second, the variance of the individual action is given
by the common prior over the variance of the statelus a linear combination of the
variance of the noise in the public and private signal, witigh be expressed as the first
term on the right hand side of (3.23). Finally, the covareabetween the individual
action and the aggregate action equals the unconditiom@nez of the staté plus a
covariance term that emerges because both the individdah@&naggregate action rely
on the noisy public signal. This is the second term on thet hgihd side.

The form of (3.23) is very useful in isolating the effects p¥esting in private
information precision on the payoff of the players. Theretaro opposite effects at play
when private information is changed. On the one hand, mssincreased the effect on
A(n,n) is always positive: as private information is more precieeindividual player
will rely more on it and thus incur in a smaller predictionarrwhich always reduces
the ex-ante variance of the individual action chaicd his effect is captured in the first
term on the right hand side of (3.23).

Note that forr € (—1,1), the term is always positive, which means that, no
matter the strategic interactions in the coordination eawy) higher effort in private
information precision acquisition always increases etgukatility by reducing the vari-
ance of the individual action. On the other handnas increased the player will rely
less on public information and thus reduce the covariand¢eeoindividual action with
the aggregate action. This is captured in the second teitne aight hand side of (3.23).
Whether the reduction in covariance is desirable or not w@pen the type of strategic
interactions in the coordination economy. If actions armptement(r > 0) a reduc-
tion in covariance will reduce the ex-ante payoff; while tpgposite is true if actions are

substitutegr < 0).
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Complementarity or substitutability in information acsijtion for firms can be
evaluated by studying the sign of the cross-partial devigat
0%u
On On’
When the sign of the cross-partial is positive, the valueddiigonal information

(3.24)

Upn =

at the individual firm level is increasing in the precisionfios’ private information
at the aggregate level. In such case we say that the codatire¢onomy displays
complementarity in information acquisition with respezither firms. When the sign
is negative, the value of additional information at the undiial level is decreasing with
the precision of information at the aggregate level. In tlaise we say that the economy
displays substitutability in information acquisition.

We develop our analysis in two steps. First we consider the chan exogenous
dividend for the asset price. For the first term in (3.28) tlugresponds the case con-
sidered by Hellwig and Veldkamp (2009); we show that thesuteholds our setting.
Next, we allow the market price to have an endogenous pogctbrough the equilib-
rium interaction. We show that the result of Hellwig and \k&lchp (2009) is modified

in a very specific direction.

KNOWING WHAT OTHERS KNoOw. The following proposition corresponds to a version
of Hellwig and Veldkamp (2009) main proposition for envimeants where information

acquisition is continuous.

Proposition 6. Assume that the precision of the asset market price doesapeind on

the precision of the private information of firms as in Set®d3.2.

1. If actions are complementary in the coordination economy 0), the value of
additional effort in private information acquisition atehndividual firm leveh

is increasing in the aggregate effort across firms

2. If actions are substitutes in the coordination econgmy< 0), the value of
additional effort in private information acquisition atehndividual firm leveh

is decreasing in the aggregate effort across finms

3. If actions are independent of each other in the coordoragconomy(r = 0),
the value of additional effort in private information acgqition at the individual

firm leveln is independent of the aggregate effort across firms
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Proof. The proof of 1-3 consists in showing that s{gn,) = sign(r). Holding a,

OA(m) _ ai(n)
on  (az(n)+ap)

constant the cross partial derivative of (3.23ujs, o< 2A(n) s, Where

al(n) = daz(n) ~ The sign of this expression depends entirely on the sig@%};@ as

z on
botho/,(n) andA(n) are always positive. Sinae, is constant it can be showed that
OA(n) (1 = r)ai(n)ay,

o T(ap + (1 — r)ag(n))? (3.25)

The sign of the expression on the right hand side dependstbalgign onr, which

completes the proof. O

Recall that the termh (n) represents the adjustment that individual firms apply
to their actions to take into account that other firms undect or over-react to the
common noise that is present in the public signal. In prese@ficomplementarity the
adjustment is downward, so th&tn) < 1, while in presence of substitutability the ad-
justment is upwardA(n) > 1. When aggregate private information acquisition across
firmsn is increased, all firms devote more importance to their peigggnals and less to
their public signal. In presence of strategic compleméntardividual firms recognize
this and adjust\(n) < 1 upwards in order to take into account the reduced correlatio
across actions from the common noise of the public signalprésence of strategic
substitutability individual firms act exactly in the opptesivay and adjusi(n) > 1
downward. As a consequence, whers increased, the value of private information is
enhanced for the individual firm in the economy with complataéties, and this cre-
ates an incentive in increasing the investment in privai@mation. On the contrary,
the value of private information is reduced for the indiatiplayer in the economy
with substitutability, and so the incentive is now to redtlue effort in private informa-
tion. The strategic motives in the coordination economyycaver to the information

acquisition stage.

MARKET-GENERATED INFORMATION. We now allow for the precision of the public
information to vary with the aggregate informational cleaicby introducing the asset
market of Section 3.3.3. Differently from the exogenoussien case, aa is changed,
the precisiony,(n) is changed as well. We know from Proposition 4 that the chamge
precision of the asset price is inversely related to theigi@tof private information for

firms. Introducing the endogeneity of information preamsia corollary immediately
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follows.

Corollary 1. The precision of the equilibrium asset price is decreasimie aggregate

information acquisition effort of firms, formally

= 80‘51(1“) <0. (3.26)
Proof. Follows immediately from Proposition 4 aiad (n) > 0. O

Using (3.23) the cross-partial,,, can be written as

Upn X Ayl (n) + ( — A+ /\a)oz;; (3.27)
where
0o, _ Am)
R P e s ey R R P R oS

We refer toA,. as the “coordination effect” term, as its sign and magnitelgend omr,
and to),, as the “individual effect” of the market-generated infotioa.

The expression fo,,,, shows how the coordination effect operates across pub-
lic versus private signals. If all firms increase the prexisof their private signals, the
value of allocating effort to private information is highfer the individual firm under
complementarity. If the increase in precision concernspiligic signal, then there is
less value in allocating effort to private information, berthe minus sign in front of,..

In addition to these two contrasting effects, there is altbifect measured by, captur-

ing the substitutability across different signals typicaany signal extraction problem:
the relative value of a signal is reduced when another sigpebmes more precise.
Note that the magnitude of, depends on the individual precision of the private signal,
a,(n), and its sign is independent of the strategic interactiotives. Since the sign of
Ao IS always negative, its contribution to the information @isgion incentive depends
on the direction of the change in market price precision. Mvgn) increases, the
value of private information is always reduced as bettefiputiformation is available,
while the opposite is true whem,(n) decreases. In addition, the relevance of the indi-
vidual substitution effech, depends on the distortionary terhin). More precisely,

the individual effect matters more in presence of substitiity, whenA(n) > 1, than



78

in presence of complementarity, whérin) < 1. The reason being that the change
in precision concerns a public signal, which, while dedeaah presence of positive
coordination motives, it remains undesirable under stuiability.

The following proposition summarizes how the interactidrih@ coordination
and individual effect with the asset price precision shapesvalue of firms’ effort in

private information acquisition.

Proposition 7. Assume that the precision of the public signa market-generated as
in Section 3.3.3.

1. If actions are complementary in the coordination economy 0), the value of
additional effort in private information acquisition atehndividual firm leveh

is always increasing in the aggregate effort across firms

2. If actions are weakly substitutes in the coordinationrenay(r < 0), the value
of additional effort in private information acquisition #te individual firm level
n IS increasing in the aggregate effort across firm$f the individual effect is

stronger than the coordination effect, i.g,a; > -\, (n) + Aoy >0

Proof. Follows immediately from (3.27), the definitions far. and A\, and Corollary
1. 0]

Under strategic complementarity, > 0 and )\, < 0, but the precision of the
market price is decreasing in the aggregate effort on inddiom acquisition of firms,
which implies that both the coordination and individualketf reinforce the “knowing
what others know” motive. Compared to the exogenous infiomaase of Proposi-
tion 6, the complementarity in information acquisitionaetfis magnified through the
decrease in precision of the public signal, which turns e dination effect on public
information in the direction of “knowing what others knowUnder strategic substi-
tutability the coordination effects reverse their signsowdver, the individual effect
remains overall positive and it is larger sindén) > 1. It follows that information
acquisition effort can display complementarity even insgrece of substitutability in
the coordination economy. Essentially, if the deteriamin the precision of the public

signal is large enough (which is a consequence of more praggiregate information
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precision), the individual firm finds it valuable to incrediseprivate information acqui-
sition effort in order to contrast the deterioration in iteecall information precision due
to a less precise market price. If this happens, the “knowingt others know” property

does not hold anymore.

3.4.2 Private Information Acquisition and Exogenous Preaion of

Public Information

In the study of information acquisition it is important toderstand how exoge-
nous changes in the precision of public information, pdgsibtained as the result of
a public information policy, affect the incentive to aceuinformation at the individual
agent level. In the present application one can think.o&s the information parameter
on which a public policy can intervene. The consequencesi®@mformation acquisi-

tion incentives can thus be studied by looking at the bemafithe cross-partial
N 0*u
" On oy

When the sign.,,_ is positive, the value of additional information at the indi

(3.28)

vidual firm level is increasing in the exogenous precisiopuiilic information. In such
case we say that the coordination economy displays compi@mty in information
acquisition with respect to public information. When thegrsis negative, the value of
additional information at the individual level is decreagvith the exogenous precision
of public information. In this case we say that the econonspldiys substitutability
in information acquisition with respect to public inforrmt. Following our previous

analysis it is immediate to see that the cross partial canrlieewas

Oay,
day,

Una. X (= Ay + Aa) (3.29)

The following result immediately follows.

Proposition 8. Assume that the precision of the public signas market-generated as

in Section 3.3.3.

1. If actions are complementary in the coordination economy 0), the value of
additional effort in private information acquisition atehindividual firm leveh

is always decreasing in the exogenous precision of pubiarmmationa..
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2. If actions are weakly substitutes in the coordinationremay(r < 0), the value
of additional effort in private information acquisition #te individual firm level
n is decreasing in the exogenous precision of public inforomat. if the indi-

vidual effect is weaker than the coordination effect, g < |A,|.

3. Everything else equal, the change in the value of additieffort in private
information acquisition at the firm level is always larger evhthe dividend of

the asset price is endogenous to the outcome of the cooiainatonomy.

Proof. Follows immediately from (3.29), the definitions far and ., Corollary 1 and

Proposition 5. O

To gain intuition for points 1-2 of the result, recall thef is always negative,
while the sign ofA, depends on. Whenr > 0 both the individual and coordina-
tion effects agree and point towards a lower value for peivatormation. For the case
of r < 0, it is possible that the individual effect is so small tha¢ toordination ef-
fect dominates. In a symmetric equilibrium in the infornoatichoice one has = n
which makes the latter condition not possible, so that tdesidual effect always dom-
inates the coordination effects. In other words, the ingertb choose information so
to receive signals that would ensure the maximum distarara the aggregate action
is always weaker than the effect of having better infornratiwailable, independently
of the source. It follows that, even in the presence of stuiability, an increase in the
precision of public information reduces the value of allowg effort to the acquisition
of public information.

The second part of the result is a direct consequence of Bitapo5. When
the dividend of the asset is endogenous there is a demavehdnformation precision
enhancement that reduces (or increases) the value of axpprivate information even
further.

We conclude this section with a comment on the relevanceeofalults of our
application for information policy problems. Generallyeszing, a policymaker is al-
ways faced with the choice of spending resources to providentives to private in-
formation acquisition at the individual agent level or gsiesources to increase the

precision of public information. Propositions 5, 7 and 8\iie reasons for caution
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when designing an optimal policy in presence of market-gerd information. On the
one hand, Proposition 5 says that increasing private irdtion acquisition deteriorates
the precision of the asset price. To the extent that the pasetprecision is of relevance
to the policymaker in its own right, the proposition warne ffolicymaker that provid-
ing private information acquisition incentives might baek through the endogenous
public information. At the same time, Proposition 7 inforthat for a given amount
of resources spent in providing incentives for private infation acquisition, the final
outcome is magnified in presence of market-generated irgfbom, irrespectively of the
sign of coordination incentives in the economy. On the oltard, Proposition 8 warns
that if resources are spent on increasing the precision laligoinformation, this may
come at the cost of reducing the acquisition of private imiation at the firms level. In
particular, when the precision of public information atfea market-generated public
signal, it matters how the market forces take into accoumbtitcome of the underlying
coordination economy. If such an interaction is overloglkd chosen release of public
information might “overshoot” the optimal level by not takjiinto account the ensuing

excessive reduction in private information acquisition.

3.5 Conclusion

There is little doubt that market prices are the primary sewf publicly avail-
able information in the economy. A common presumption i Wiaen more private
information is injected in the economy, market prices reftee increase in informa-
tion and become a better source of public information. Ia gf@per we have presented
a setting in which this presumption is proven incorrect: dreprivate information is
available to firms in the economy, the economic outcome isgded as more uncer-
tain to risk averse asset traders, which leads to a redustitraders’ use of private
information in the asset market. The final result is a lessrmftive market price. Our
application to a simple information choice problem hightgythe importance of our re-
sult for a policymaker that needs to allocate resourcessmdehe proper informational
incentives to maximize welfare, as in Colombo et al. (20Dikregarding the interac-

tion between private and public information through marketes is likely to let the
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policymaker choose an allocation that is sub-optimal. Veedesuch welfare analysis to

future work.
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3.6 Appendix: Proofs

3.6.1 Proof of Proposition 2

The individual optimal action ia(z,p) = (1 — r)E[0] z, p| + rE[A(0, p)| x, p].

We guess the individual and aggregate solutiofs p) = \.x; + /\;p andA(0,p) =

Al + \pp. SinceE[6| z, p] = ix; + (1 — ¢;)p, wherey; = a,.; /(. + ), it follows
that

E[A(0, p)| z, p] = Ao (iws + (1 — thi)p) + App. (3.30)

The individual action becomes

ai(xi,p) = [(1 —7); + T)\a:@/)z‘] i + [(1 —7)(1 =) + 1A (1 — ) + T/\p] D.

. s - /

v v
=\i =\i
=)L =)

The fixed point conditions are
ANo=[1=r)+rXJes  and X = (1—7r)(1 =) +rX(1 =) +7r), (3.31)

In the symmetric equilibrium\, = ., ¢; = ¢ and\! = ), so from (3.31) one obtains

(1—7r)a, a,
= d )\ = . 3.32
Aa (1—r)oy + oy an Pl =r)as+ ap ( )
The solution for the aggregate actidid, p) is

A(0,p) = [0 + (1 — A)p] (3.33)

with A = —2o It follows that), = ¢;A whereA = % and )} is given by

A= (L=)[(1=7)+rA] +7),
=A

1
(1 —T)sz+ap[

(1 —r)aw + oy — (1 — 1) (0 + )]
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which results in\} = [1 — ¢;A].

3.6.2 Proof of Proposition 3
Letd = \/azay /7. The derivativef’(a,,) is

Lo 5 ? 247
o0 =2 () ot 34

The solutions satisfying (3.15) are

(1— 252 >i 1— 4521

(1-r)as (1-r)oz

(3.35)

Oép:

Substituting (3.35) into (3.34) yields

1

(1—7)ay

Flop) =1+ \/1 — 452 (3.36)

Existence of the equilibria requirds— 452(1_}0% > (0 from which the result immedi-

ately follows.

3.6.3 Proof of Proposition 4

Given our definition ob the fixed point condition foty, is given by

a, = 82 <(L + 1) (3.37)

1—r)a,

and rearranging equation (3.35) the solution for the fixddtpmndition can be written

2 <ﬁ)20"’ _ <1 - %) _ i\/l —452m. (3.38)

The expression foda,, /Oa,, is obtained by differentiating equation (3.37) with respec

as

to o, to get
52 a «
80zp . 2(177‘) ((17:)01z + ]') a_,g

60% - 242 d 2
(]‘ - (171")az> —2 ((1fr)az) Qp

Substituting equation (3.38) into (3.39) yields

(3.39)
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62 <p &p
(14)((14)%*1)@
1
Oay, \/17452 =5
= Vs o

Oa A \aoas 1 2 .. ey
v L \/)1((1152) z o for Low Precision Equilibrium
N (I-r)og

for High Precision Equilibrium

(3.40)

Therefore 222 < 0 (resp.522 > 0) for the low (resp. high) precision equilibrium.

3.6.4 Proof of Proposition 5
Totally differentiating the fixed point condition (3.15) gets

oy 2 N ay 2 Qy 2@ ay 1 N
d%”‘ﬂi)df<a—rmg+0 +2(7) an—mw;*0<l—n%dp
(3.41)

Rearranging terms and using (3.34) one obtains the expressthe proposition. The

inequality follows by noticing that along a stable solutibns always the case that
0< f'(oy) < 1.

3.6.5 Proofof Lemmal

Let U* = U(a*, A*,0), be the utility function of individual firms when; and
A are specified in the equilibrium functional forms of the setgtage game. Let the

generic form of the quadratic utility functidii be specified as

Mll M12 M13 a
U(a,A,aa,G)z(a A 9) My My My | | A (3.42)
Mgy M3z Mss 0

The equilibrium strategy for the second stage game is
a;(z(n), p(n)) = A(n,n)z; + (1 — A(n,n))p(n) (3.43)

A0, p(n)) = A(0)d + (1 = A(n))p(n) (3.44)

Now

a(w(n). p(m)) = A(n,m)(0 -+ ae(n) ™) + (1= Aln, m))(0 — a,(m) %)
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thus
a(z(n),p(n)) = 0 4+ A(n,n)a,(n)"%e; — (1 — AM(n,n))ay(n) "2 (3.45)

Similarly,
A6, p(n)) =0 — (1 — A(n))ay,(n) "% (3.46)

Then
a® = 0% + \(n,n)%a,(n)"'e? + (1 — AM(n,n))2q,(n) te? + C(0, ¢4, €) (3.47)

whereC (0, ¢;, ) summarizes all the relevant covariance terms which becemeance

we take expectations,

A? = 0% + (1 — A\(n))?a,(n)"'e? + cov(d, ¢), (3.48)
aA =60+ (1—\n,n))(1—An))a,(n)"'e* +C(0,5,¢), (3.49)
al = 0> +C(0,e;,¢) and A = 6> — cov(h,¢) (3.50)

Substituting into expected utility and rearranging

EU* {)\(()Zv(;l)) + (1 —Ci\)((?:l,)n)) :|M11 + (1 — A(n, n))%);i)n)(]\jm + My,)
+E {92 [Mu + Moo + Mz + (May + Mis) + (Msy + Mys) + (M3 + Mzg)]
) @5

From the above function, one can see that all the terms ingbecgations are not rele-

vant to the optimization since all the terms are out of cdriitoon the perspective of each

individual. For the specific utility function we have choseih, = —%, Moy + My =,
therefore
1 [/ Xn,n)? (1-X\n n))Q) 1—A(n) B
EU*z——[( - + ’ —2r(1 = X(n,n))————=| + u(n
) AR Ry N Y R
(3.52)

whereu(n) is a constant term that does not depend on the choice variaBlecall that
A(n,n) = A(n)y(n,n), then

A(n,n)? N (1—=Xn,n))* 1

a,(n) a,(n) a,(n)
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Using the definition of\(n),

1 B __Alnyn) (1 — \n 1
) [A(n)w(m n)(A(n) —2) + 1} = a,(n) (1 + (1= A )>) + a,(n)
Hence,
EU* = %ACEZLI;) [+ (1= A(n))] +7r(1 = An, n))%?rg’) +a(n).  (3.53)

3.6.6 General Payoff Function

Consider the general payoff functidih(a, A, 0,,0) whereU is quadratic with
cross-partial derivative§,,, = Ua,, = Uy,, = 0 andU,(a, A,0,6) = 0 for any
(a, A, 0), so that dispersion has only second order, non-stratefgictef The quadratic
form is made for analytical convenience as it allows closethfsolutions once incom-
plete information is considered. The payoff functidrcan be usefully considered as a
second order approximation to more general concave ec@soifo ensure that an equi-
librium under complete information is unique and bounded gufficient to assumed
thatU,, < 0, so that the payoff function is concave at the individuaéleand thus the
optimal response bounded, and/, 4, /U,, < 1, so that the slope of the best response
with respect to the aggregate action is less than one. Thasaamptions together also
imply concavity at the aggregate level, which makes theiefiicaggregate action well
defined. In addition, for the fundamentals to matter for tigividual action it must be
thatl/,» # 0. These restrictions on the payoff function are very mildfdct, the payoff
function U can exhibit either strategic complementarity, whén, > 0, or strategic
substitutability, wher/ 4, < 0. To map the general payoff function with the properties
just described into (3.1) it is sufficientto S8t, = —1, Uya =7, Uy = (1 —7) > 0
andU,, = 0.
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