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Abstract

Three of the most fundamental changes in US corporations since the early 1970s have been (1)
the increased importance ofganizational capitain production, (2) the increase in managerial
income inequality and pay-performance sensitivity, and (3) the secular decrease in labor market
reallocation. Our paper develops a simple explanation for these changes: a shift in the com-
position of productivity growth away from vintage-specific to general growth. This shift has
stimulated the accumulation of organizational capital in existing firms and reduced the need for
reallocating workers to new firms. We characterize the optimal managerial compensation con-
tract when firms accumulate organizational capital but risk-averse managers cannot commit to
staying with the firm. A calibrated version of the model reproduces the increase in managerial
compensation inequality and the increased sensitivity of pay to performance in the data over the
last three decades. This increased sensitivity of compensation to performance provides large,
successful firms with the glue to retain their managers and the organizational capital embedded
in them.
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1. Introduction

Three of the most fundamental changes in US corporatioes $hre early 1970s have been
(1) the apparent increase in the importancemfanizational capitain production, (2) the in-
crease in managerial income inequality and pay-performaaansitivity, and (3) the secular de-
crease in labor market reallocation. Our paper providesplaration for these changes.

This evidence is consistent with a shift in the compositibproductivity growth away from
vintage-specific growth, which onlyffects new firms, to more general productivity growth,
which makes all firms more productive. In our model, the \getapecific growth rate is the
depreciation rate of organizational capital in existingnr The shift allows successful firms
to grow larger because their organizational capifiéatively depreciates at a slower rate. This
results in fewer firm exits and less labor reallocation frdthto new firms. The growth compo-
sition shift allows our model to match the secular declinéhim job reallocation rate in the US
economy since the early 1970s, as shown by Davis, Haltiwadgemin, and Miranda (2006)
and Faberman (2006)We attribute the change in the composition of productivityvgh, the
key driving force in the model, to theftlision of information technology. However, our model
applies to any other explanation for this shift, such as aaghan the composition of the work
force.

The change in productivity growth composition and the wtead accumulation of organi-
zational capital that resulted creates a new problem focessful firms: how to distribute the
rents from organizational capital? The firms’ managers li@/fcto ownership rights on orga-
nizational capital, which makes itféierent from physical capital. These ownership rights arise
from their ability to leave the firm, and to take some of itsamizational capital to a new firm.
Our paper studies the distribution of organizational révetsveen the owners and the managers
in such an environment.

In the data, the dispersion of managerial compensatiorsadirons is much wider now than
35 years ago. In large, successful firms, which accumulaté @ brganizational capital, man-
agerial compensation has increased substantially, wHikgsi not in small firms. We propose an
equilibrium theory that ties the accumulation of orgarimaal capital, induced by the shift in
the composition of productivity growth, to managerial cangation. A calibrated version of the
model can quantitatively account for a large share of theaeges in the US economy.

The key element of the model is the optimal managerial corsgagon contract. This contract
insures the risk-averse manager against shocks to the finockictivity. Insurance is provided
because the manager can only work for one firm while the owvests in a diversified portfolio
of firms. But there is only partial insurance because the ganzan quit and transfer some of the
organizational capital to a new firm. The degree of portgbdf organizational capital governs
the value of the manager’s outside option and determinestnaeh risk sharing can be sustained
between the manager and the owner. Dunne, Foster, Haltewgangd Troske (2004) find a size-
able increase in within-industry between-establishmegewdispersion, while Saks’(2006) data
show that the increase in dispersion is even higher for dixesu A calibrated version of our
model can match most of the increase in compensation iniggifale assume that half of the
organizational capital is portable. The same calibrati@icimes about half of the observed in-
crease in Tobin's]. Lowering the portability increases Tobirgdy more, but reduces the impact

1The declining volatility of firm growth rates, shown by Dasital. (2006) for the entire universe of privately held
and publicly traded firms, is consistent with this declineur @odel also implies that the fraction of output produced
in older establishments increased, also consistent wétHitidings of Davis et al. (2006). The model of Jovanovic and
Rousseau (2007) also relies on the decline in labor redidrca
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on compensation inequality. In the extreme case where tratgonal capital is not portable, the
change in the composition of productivity growth has no iotma compensation inequality.

Why does the growth composition shift increase the disparsf managerial compensation?
As long as firms are small, the manager’s outside option cainstdoes not bind, and the opti-
mal contract prescribes constant managerial compendasitative to aggregate output). How-
ever, when a firm’'s size exceeds a threshold, optimal managecompensation is increasing
in the firm’s organizational capital. The increased accatioh of organizational capital, result-
ing from the growth composition change, improves the marsgetside option in successful
firms. To retain the manager, the owner of the firm increasegpensation in response to high
productivity. At the aggregate level, the change in the firze slistribution that results from the
growth composition shift triggers an endogenous shift flomwrpowered to high-powered incen-
tive compensation contracts. Such a shift seems consistinthe increased pay-performance
sensitivity of employment contracts since the 1970s. Ifrttemager is more impatient then the
owner, this shift is further amplified.

If all the organizational capital is portable and there avesunk costs, our contract operates
like a ‘spot market contract.” The manager is paid his oetsidtion in each period and in all
states of the world. The shareholders do not capture angdittplus. This version of the model
cannot replicate the increase in pay-performance seitgitior the increase in Tobin'.

In some states in which the match is terminated, our compienszontract leaves room for
renegotiation. Both shareholders and managers could agmast to avoid a break-up by lower-
ing managerial compensation, provided that the orgawizatirents that accrue to shareholders
are positive when the manager is promised his outside optgtead. The compensation predic-
tions of a renegotiation-proof version of the optimal cantrwould be similar, but separations
would be rarer in equilibrium. For tractability, we abstréiom renegotiation and explore the
implications of the contract in which the match is disconéd in those states. In addition, its
implications line up better with a large body of empiricaidance on downward wage rigidity
(see, e.g., Beaudry and DiNardo, 1991). First, firms seermmdaagly prefer layd's to salary cuts
(see, e.g., Bewley, 1999). Second, the prevalence of iegrid executive stock options and the
granting of large amounts of new options in response to ghrace declines (see Chen, 2004) is
consistent with our model.

In our model, the firm shuts down when its managerial teameleakMence, the rate of firm
entry and exit equals the rate of managerial turnover. Smeenodel matches the declining firm
exit rate in the data, the model also predicts a decliningagarial turnover rate. However, in
the data, at least in the last ten years, there seems to beraase in turnover of CEQ’s. Data
on managerial turnover broadly defined are hard to come bg. lifk between CEO turnover
and performance has decreased over time, according to M(@pB9), who argues that turnover
in large firms is driven mostly by executive age and not by grenfince. A number of expla-
nations for the apparent increase in CEO turnover have beefopvard: increased diligence
of the board of directors Hermalin (2005) or an increase siress education which promoted
managerial mobility across firms (Frydman and Saks, 2006pkland Zabojnik, 2004). Our
model abstracts from these issues and focuses only on thabtfpaanagerial turnover that is
solely driven by firm exit and entr.

Our model has several additional, “out-of-sample” imgii@as which are borne out in the
data. First, it matches the sensitivity of log compensatmlog firm size in the US Edmans,

2An extension of the model could allow for a partial separatibfirm exits and managerial turnover by introducing
additional manager-specific productivity shocks. We dopuwsue such an extension here.
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Gabaix, and Landier (2009). Second, it matches the cradgal correlation between valu-
ation and wage dispersion in the data. We identify high gatapecific growth industries as
those with low managerial wage dispersion. As predictedhieymodel, we find that these in-
dustries accumulate less organizational capital, usifgniq as our measure. Thdfects are
large. We find that a one-standard-deviation increase irewdigpersion increases Tobirmjdy

six basis points using a broad measure of wage dispersiobyatd basis points for executive
compensation dispersion. Thed#eets of executive wage compensation are stronger in indus-
tries with more intangibles. Wheeler (2005) shows that iniihdustry wage inequality is much
higher in industries with higher frequency of computer @saghich are industries with lower
vintage-specific growth in our model.

Related literature.Our model combines the technology side of the vintage dapitadel of
Atkeson and Kehoe (2005, 2007) with an optimal compensataniract for managers. The
literature on optimal compensation contracts builds onsttrainal paper on optimal long-term
wage contracts with learning about the manager’s prodiychy Harris and Holmstrom (1982).
As in Harris and Holmstrom (1982), our optimal compensatignamics display downward
rigidity, relative to the benchmark compensation, detegdiby the productivity of the average
establishment in the industry. This rigidity is generatgdh® inability of managers to commit to
staying in the firm, as in Krueger and Uhlig (2006). There is@pg for insurance when at least
some of the organizational capital is specific to the matdtvéen the owner and the manager.
Neal (1995) provides empirical evidence on the importarfcaatch-specific capital. Most of
the work on optimal compensation contracts examines thienaptapital structure of the firm
in the presence of moral hazard in partial equilibrium. éast, our paper examines the optimal
management compensation contract in the presence of fodaital in a general equilibrium
model. We focus on how the compensation contract can prdkigleight retention incentives,
while the literature focuses mostly on incentives to exéidre or make the right investment
decisions. However, Oyer (2004) and Himmelberg and Hubf2060) do focus on retention.
Oyer (2004) points out that firms may implement stock optiamg or other pay instruments that
reward ‘luck’ because of binding participation constraiint a model where employees’ outside
opportunities are correlated with their firms’ performan@ar paper provides a fully specified
dynamic equilibrium model in which the endogenous outsipitom depends on the industry’s
performance. Himmelberg and Hubbard (2000) provide sontkeeoéarliest empirical evidence
that is consistent with this view.

We use these contracts to connect changes in the distribofifirm size to changes in the
distribution of managerial compensation. In closely edlavork, Gabaix and Landier (2008) ex-
plain the increased dispersion of CEO compensation in ahimgtenodel with an exogenously
changing size distribution. Our paper endogenizes bottevbkition of the size and the man-
agerial compensation distribution and explicitly modéks tompensation contract. The optimal
compensation contract that we derive entails benchmarkist¢png as the CEO’s outside option
constraint does not bind, his compensation is kept fixedivelto that of the average firm's CEO
compensation. This is a feature of the data (Bizjak, Lemnaod, Naveen, 2008). In addition,
we derive a theoretical link between the size and book-tdkataatio of a firm and its labor

SRelated applications of optimal compensation contractmance are Berk, Stanton, and Zechner (2010), Clementi,
Cooley, and Wang (2006), DeMarzo and Fishman (2007), Cléraed Hopenhayn (2002), and Albuquerque and Hopen-
hayn (2004), Falato and Kadyrzhanova (2008), DeMarzo andikav (2006), Biais, Mariotti, and Rochet (2007), Opp
(2007), He (2007), DeMarzo, Fishman, He, and Wang (2007) Adkeson and Cole (2008)
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compensation contractsln recent work, Eisfeldt and Papanikolaou (2008) study ile char-
acteristics of organizational capital, while Panageasyan(2006) and Garleanu, Panageas, and
Kogan (2008) study the asset pricing implications of te¢bgical change.

A large literature shows the increase of wage inequalith@Ws in the last three decades
and its relation to technological change (see Violante22@uvenen and Kuruscu, 2009; Autor,
Katz, and Kearny, 2008; Acemoglu, 2002). Our paper contesbto this literature by generating
an endogenous switch to high-powered incentives contaactdy connecting the changing dis-
tribution of payouts to workers to the payouts to the ownéthe capital stock, and ultimately
to firm value. With the exception of Merz and Yahsiv (2007)p&aikolaou (2007); Bazdrech,
Belo, and Lin (2008); Parlour and Walden (2008), the linkwaestn labor compensation and
firm value is usually ignored in the literature. Parlour andl®&n (2008) characterize optimal
compensation contracts in the presence of moral hazardexhekghredictions relating workers
compensation, firm productivity, firm size, and firm value.

One prominent example of the technological change we hawirid is the information tech-
nology (IT) revolution after 1973. As itsfiiciency improved and its price dropped, the use of
IT spread, and its adoptiorfacted all sectors of the economy. By now, there is overwhemi
evidence that computers have fundamentally altered firosiness processes, relationships with
customers and suppliers, and internal organization (sgei@fsson and Hitt, 1997, 2000; Bres-
nahan, Brynjolfsson, and Hitt, 2002; Corrado, Haltiwangerd Sichel, 2005). This literature
convincingly argues that the gradual adoption of IT, a gaelngurpose technology (GPT) (Bres-
nahan and Trachtenberg, 1996), has increased the pratuofisuccessful establishments of
all vintages, not only the new ones. There is indirect evigghat organizational capital is more
important in production than three decades ago from thekstarket's valuation of US corpo-
rations (see Hall, 2001). Moreover, organizational capita IT are complementary inputs, and
investment in IT has increased substantially since the 49Bfesnahan et al., 2002). Finally,
there is direct evidence on the link between IT and orgaioiat capital and the increased im-
portance of organizational capital. Using micro data, Blo&adun, and Van Reenen (2008)
explain the productivity miracle in the US and its absendeurnope by means of a US advantage
in IT that is “primarily due to itspeople managemepractices on promotions, rewards, hiring
and firing”.

Our paper is organized as follows. Section 2 defines the tdagy side of the model and the
compensation contract between manager and owner, andslafirguilibrium with a continuum
of managers and firms along a steady-state growth path o8&tiighlights the properties of the
optimal compensation contract along a steady-state grpatth Its dynamics are fully captured
by the current and the highest-ever productivity level af fim. Managerial compensation
increases whenever a new maximum productivity level ishredc These two state variables
have a natural interpretation as izeandmarket-to-book rati@f the firm. Our model ties these
two characteristics to the value of the firm and the compé@nsaf its management. Section 4
describes the calibration of the model. We introduce a gakidiarease in general productivity
growth and an fisetting reduction in vintage-specific productivity growththat the total growth
rate is constant. The magnitude of this compositional shifalibrated to match the observed
decline in labor reallocation. A second key parameter ipthéability of organizational capital.
It is calibrated to match the increase in income inequalityterestingly, the model's cross-

4Arelated literature studies the relationship of firm cheedistics such as leverage and riskiness of cash-flows to firm
valuation in dynamic settings; see Livdan, Sapriza, anchgi{@009), Gomes and Livdan (2004), Gomes and Schmid
(2007), Hennessy and Whited (2007), Strebulaev (2007)riG¢2007), and Chen (2010).
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sectional distribution of managerial pay shares many featwith the observed distribution: it
is skewed, fat-tailed, and has the correct relation with fime. The model also delivers an
increase in pay-performance sensitivity similar to the iortbe data. Finally, Section 5 provides
additional cross-sectional evidence for ttieet of managerial compensation inequality on firm
valuation.

2. Model

We set up a model with a fixed population (mass Ljnahagers Each manager is matched
to an owner to form amstablishment The formation of a new establishment incurs a one-
time fixed costS;. Establishments accumulate knowledge as long as the nath We refer
to this stock of knowledge asrganizational capital A This organizational capitalfi@cts the
technology of production; it is a third factor of productibesides physical capital and unskilled
labor, earningrganizational rents

We assume that a part of the establishment’s organizatiapatal is embodied in the man-
ager. It is neither fully match-specific, as in Atkeson andée (2005), nor fully manager-
specific. The main innovation of our work is to find the optirdadision of organizational rents
between the owner and the manager, as governed by an optingatérm risk-sharing contract
in the spirit of Harris and Holmstrom (1982). We solve for tigimal contract recursively (see,
e.g., Thomas and Worall, 1988; Kocherlakota, 1996), but secaudiferent state variable from
the one commonly used in the literature. The optimal cobhtreeximizes the present discounted
value of the organizational rents flowing to the owner sulti@the manager’s promise-keeping
constraint and a sequence of participation constraintséfiact the manager’s inability to com-
mit to the current match. We deviate from Krueger and UhI@0@) by assuming that the owner
has limited liability. Separation occurs whenever therigoint surplus left in the match. Upon
separation, a fraction & ¢ < 1 of the organizational capital can be transferred to the-man
ager’s next match, while the remainder of the organizatioagpital in the old establishment
is destroyed. This can be interpreted as the managementxeag dissolved. Hence, in our
model, firm entry and exit is identical to managerial turnrow&/e will calibrate the model to
match entryexit rates in the data.

If the manager could commit to staying in the match or if nohthe organizational capital
was destroyed when the manager left the firm, then the chgrgimposition of productivity
growth would have noféect on the distribution of compensation.

We start by setting up the model and defining a steady-statetiympath. In Section 4, we
trace out theransitionbetween two steady-state growth paths.

2.1. Technology

On the technology side, our model follows Atkeson and Keit@0%). Each establishment
belongs to a vintage An establishment of vintageat timet was born at—s. An establishment
operates a vintage-specific technology that uses unshkdlear (;), physical capital k), and
organizational capitalf) as its inputs. Output generated with this technology:is

Yi =z (A Flk 1)

SWe use the words establishment and firm interchangeablyniEtmager can be interpreted as the entire management
team.
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Following Lucas (1987)y is the ‘span of control’ parameter of the manager. It govehes
decreasing returns to scale at the establishment level.

There is no aggregate uncertainty in our model. There arsdwoces of productivity growth,
which we label general and vintage-specific growth. §lheeral productivityevel z grows at a
deterministic and constant ragg

z=(1+0)z1

General productivity growthfiects establishments of all vintages alike. General pradtyct
growth is often referred to adisembodiedechnical change. In addition, it &kill-neutralbe-
cause it #ects all three production inputs symmetrically.

Following Hopenhayn and Rogerson (1993), the match-spéeifel of organizational cap-
ital, A;, follows an exogenous process. It is hit by random matcltiipeshockse, which are
log-normally distributedN(0, o2):

log Aci1 = log A¢ + log &ty (2.1)

We do not explicitly model the learning process that undsrihe accumulation process of orga-
nizational capital. However, theshocks can be interpreted as productivity gains derivea fro
active or passive learning, from matching, or from adoptibmew technologies in existing firms,
as Atkeson and Kehoe (2005) point &ut.

A new establishment can always start withlaeprintor frontier technology leved;: A; > 6;.
The productivity level of the blueprint grows at a deterrsiit and constant ratg;:

6 = (1 + gg)et,]_.
This vintage-specific growtls often referred to asmbodiedechnical change.

2.2. Contract between owner and manager

Owner. There is a stand-in owner who is perfectly diversifiedde maximizes the expected
present discounted value of aggregate payouts from ablstenentsD; using a discount rate
I:

EOZ e oDy = V; + K. (2.2)
t=0
This object is the value of the aggregate capital sigel;, which consists of the physical capital
K; and the owner’s residual claim to the aggregate rents frayarorational capital, denoted

V;. The owner’s value of organizational capital is the expaggiesent discounted value of the
aggregate stream of cash floWws} that is not already claimed by the other factors:

Iy = Y; - WLt — RKy = C; = S§, (2.3)

whereW,L; is the aggregate compensation of unskilled laBdf; that of physical capital;; the
aggregate compensation of all the managers of the estatgligis, an2 = N;S; the total sunk

6Additionally, they can be interpreted as reduced-form fetelogeneity across managers, or for the outcomes from
good or bad decisions made by the manager. Bertrand and IS@0@38), Bennedsen, Perez-Gonzalez, and Wolfenzon
(2007), and Bloom and Van Reenen (2007) show that heterdgem@oss managers leads to heterogeneity in firm
outcomes. Jovanovic and Nyarko (1982) explicitly modetdé®y-by-doing and McGrattan and Prescott (2007) and
Carlin, Chowdhry, and Garmaise (2008) explicitly model élteumulation of intangible capital.

7Equivalently, there is a continuum of atomless and idehtaamers.
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costs incurred for startiny; new establishments. Since we assume that the owner alsctiog/ns
physical capital stock, aggregate payouts to the owrigrare the sum of organizational rents
and the factor payments to physical capital less physigakiment:

Dt = Ht + Rth - It, Vi.

Since the sunk cost is lost, value-added is defineq asS3.
An individual establishment’s organizational rents (befeunk costs and physical capital
income) accruing to its owners are defined with lower-catterte

7 =Y — Wil — Rike — Gt

Manager. The owner &fers the manager a complete contingent contfa¢h'), :(h')} at the
start of the match, whemg(h') is the compensation of the manager as a function of therlgisto
of shockah = (&, &_1, ...) andB(h') governs whether the match is dissolved or not in hiskbry
This contract cannot be renegotiated. The manager can slaaept a job at another establish-
ment, while the owner has limited liability.

The optimal contract maximizes the total expected [flagthe owner subject to delivering
initial utility vo to the manager:

vo(h°) = [Ze pmtcf( T)l y}.

The manager is risk averse with constant relative risk &amer@fCRRA) parametey and his
time discount rate is denoteg. In general, the history-dependence of the manager’s compe
sation makes this a complicated problem. However, as is aamimthe literature on dynamic
contracts, we use the manager’s promised utility as a statable to make the problem recur-
sive. The contract deliverg in total expected utility to the manager today by delivercngrent
compensatioig; and state-contingent compensation promigeg-) tomorrow. These promised
utilities lie on a domainyj, V.

We useVi(A, Vi) to denote the value of the owner’s equity in an establishmth current
organizational capitady;, and an outstanding promise to deliveto the manager. It is the value
of the owner’s claim to the rents from organizational cdpitdis does not include the value of
income from physical capital. Importantly, the owner hastiéd liability: the option to terminate
the contract when there is no joint surplus in the match. tachliability implies the constraint:
Vi(A, v) > 0.

Finally, we usew;(A;) to denote the outside option of a manager currently emplayen
establishment with organizational capitel When a manager switches to a new match, a fraction
¢ of the organizational capital is transferred to the nextamaind a fraction + ¢ is destroyed.
Free disposal applies: If the manager brings organizdtiayatal worth less than the current
blueprinté;, then the new match startsfavith the blueprint technology for the new vintage.
Taken together, the organizational capital of a match ofaget is max¢A;, 6;}. The value of
the outside optiow is determined in equilibrium by a zero-profit condition famfirm entry.

Recursive formulation For given outside optiofw} and discount ratg} processes, the optimal
contract in an establishment that has promigdd its manager maximizes the owner’s valde

Vi(Ar, ve) = max| Ve(A, ), 0] (2.4
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and
vt(At, Vi) = max

Ct,Vesa ()

i + f &V(Aut, Voo )T (e 1) dotea | (2.5)

by choosing the state-contingent promised utility schesiyh(-) and the current compensation
Ct, Subject to the law of motion for organizational capitallj2a promise keeping constraint

Vo= u(c)+er f Best(Ve et )Vess(Aun)(rs) et
+efm fwt+1(AI+l)(1_ﬁt+1(Vtv 5t+1))r(8t+1)d5t+1, (26)

and a series of participation constraints

Vt+l(At+l) = Wt+l(At+l)- (2-7)

The indicator variabl@ is one if continuation is optimal and zero elsewhere:

ﬁt+1 1if Vt+l(At+l) < W(At+1)
Bii1 = O elsewhere.

The minimum at zero in Eq. (2.4) for the owner’s value refléiotged liability of the owner:
The match is terminated if the joint surplus of the match gatiwe. If the match is dissolved, the
manager receives.1(Aw1) in promised utility. To obtain this recursive formulatiome have
used the fact that;(A;, -) is non-increasing in its second argument. For edcthere exists a cut-
off valuev*(A,) that satisfied/;(A, v*(A)) = 0. The match is dissolved when the compensation
promised to the manager exceeds the fuével: Bi,1 = 0 if and only if viy1 (A1) > V(Ar).

Put diferently, only establishments with high enough produgtiit > A, () survive.

2.3. Equilibrium

A competitive equilibrium is a price vectéw, R, r}, an allocation vectotk, I, ¢, 8¢}, an out-
side option procedsu}, and a sequence of distributiof¥ s, At s, N} that satisfy optimality and
market clearing conditions spelled out below.

Physical capital and unskilled labotUnskilled labor and physical capitdt can be reallocated
freely across dierent establishments. Hence, the problem of how nhaettk to rent at factor
pricesW andR, is entirely static. We usk; andL; to denote the aggregate quantities, and we use
A to denote the average stock of organizational capital aabestablishments and vintages:

A=Y [ Aogn
s=0

where®; s denotes the measure over organizational capital at thieadtperiodt for vintages.
Physical capital and unskilled labor are allocated in prtipo to the establishment’s organiza-



tional capital levelA;:

ke(Ar)

1t(A)

This allocation satisfies the first-order conditions andrttaeket clearing conditions for capital
and labor. The fact that establishments with larger orgdiunal capitalA have more physical
capital and hire more unskilled labor suggests an intesficet of A as thesizeof the establish-
ment. In the model, employment in a firm varies with labor reallocates every period. Firm
exits, however, only occur whet falls below a critical threshold which is determined by the
sunk cost of starting a new firm.

The equilibrium wage rat®; for unskilled labor and rental rate for physical capkalare
determined by the standard first-order conditions:

—1-v _ —1-v -
W =vzA FL(Ki, L)', Ro=vaA Fr(Ke L)

The factor payments to unskilled labor and physical capitabrb a fraction (% v) of aggregate
outputY;, whereY; is given by:

—1-v
Yt = ZtA{ F(Kt, Lt)v'

In the remainder, we assume a Cobb-Douglas productioniametk, 1) = k*1*-,

Organizational rents.A fraction v of aggregate outpui; goes to organizational capital. These
organizational rents are split between the owilgrsnanager€:, and sunk costSg = N;S;:

Y, [ [ ravriavdan - NS = Y- Wik - Rk, - G- S8 = T,
=0 YV YA

where the measur#, s(A, V) is defined below. The second equality follows from (2.3) and
sures that the goods market clears.

Discount rate. The paydfs are priced fi the inter-temporal marginal rate of substitution (IMRS)
of the representative owner. Just like the manager, the olaseconstant relative risk aversion
preferences with parameter His subjective time discount factordg. Letg: denote the rate of
change in lo@:. Then, the equilibrium log discount rate or “cost of cagitalis given by the
owner’s log IMRS:

Mt = po + YOt (2.8)

Because there is no aggregate uncertainty and the ownes haliversified portfolio of estab-
lishments, the cost of capital evolves deterministicallyius, our setting is equivalent to one
with a risk neutral owner who discounts future cash-flowsnasjuation (2.2).

Managerial compensationHaving solved for the value functidiv;(:, )} that satisfies the Bell-
man equation above for givet(-), ri}, we can construct the optimal contract for a new match
starting at {ct.j(h'*), Bi,j(h**)} in sequential form.



Outside option.We assume the sunk cdSt grows at the same rate as output. Free entry stip-
ulates that the equilibrium value of a new establishmenhé&awner is equal to the sunk cost
St:

Vi (max @A, 0r), wi(Ar) = St. (2.9)

The first argument indicates that a new establishment stéttisorganizational capital equal to
the maximum of the frontier level of technologyand the organizational capital; that the
manager brought from the previous match. The total utilitf;) promised to the manager at
the start of a new match is such that the value of the new maizdro in expectation. Therefore,
Eq. (2.9) pins down the equilibrium outside optiof(A;).

Law of motion for distributions.We usey to denote the implied probability density function for
A1 given A;. « is an indicator function defined by the policy function fooprised utilities:
k(A A V) = 1if V(A A v) = Vv, and equals zero elsewhere. Using this indicator functien,
can define the transition functigd for (A, v):

Q(A.V). (A V) = x(AIA(A A V).

We use?, s to denote the joint measure over organizational capitahd promised utilities for
matches of vintage. Its law of motion is implied by the transition function:

Borea(ALV) = fo ) f " QUALY). (A ) (A VA(AY), (2.10)

where; s(A, v) is the measure of surviving establishments in petiofivintages:

A Y
A = [ [ paudtian o (2.1)

In equilibrium, the mass of new establishments createdéh pariodN; (entry) equals the mass
of matches destroyed in that same period (exit):

N = Zﬁw j:(l_ﬁt,s(A, V)P (A, V)A(A, V) > 0.

2.4. Back-loading

The free entry condition implies that the expected net prediscounted value of a start-up is
exactly zero:

00

00 Vv .
f f Z e Zé rsdsﬂtﬂ' (A, V)\I'lt_'.jys(A, V)d(A, V) -5 =0
0 v j:O

Importantly, this does not imply that the organizationaitsethat flow to the owners are zero.
As long as discount ratasare strictly positive, the zero-profit condition in (2.9)pfies that
expected net payouts are strictly positive:

f f Z 7es ) (A V)W (A V)A(A, V) — S¢ > 0,
0 v j:0
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for two reasons. The first reason iback-loadingeffect (see Atkeson and Kehoe, 2005). The
owners are compensated for waiting in the form of positiweopiés. The more back-loaded the
payments are, the higher the expected payments. The eggesteut profile of an establishment
is steeply increasing: the first payout is a large negativabrr (S;), the establishment then
grows and starts to generate higher and higher profits (iaat&fion). Most of the organizational
rents are paid in the future. Second, theresglectioreffect operative. Only the establishments
that have fast enough organizational capital growth (higbughe shocks) survive. When we
compute aggregate (or expected) payouts, we are only sagfplim the survivors who satisfy
Ao > A(w).

As pointed out by Hopenhayn (2002), selection among estabints can explain why To-
bin’s (average} is larger than one, on average. The aggregate value of isttalgints is given
by the present discounted value of a clain{®g}. It equals the sum of all equity values across
all establishments minus sunk costs plus the value of theiphiicapital stock;:

00 00 v
vy f f Vi(A V)P A VA Y) - S+ K, > Ke.
sov0 Jv

Tobin’s q,q; = Vr‘? is larger than one, on average, in spite of the fact that natines are valued
at zero (net of their physical capital). The reason is agelaction: when we compuig we
only sample survivors. For future reference, we also defjggegate managerial wealth in the
economy as:

M: = Z f f Vi(A, V)P s(A, V)A(A, V).
s=0 YAV
It is the value of a claim to all the rents from organizatioregbital that flow to the managers.

2.5. Steady-state growth path

In a first step, we solve for a steady-state growth path in vhitaggregate variables grow at a
constant rate. Aggregate establishment productpAtyand the productivity of the newest vin-
tage{6;} grow at a constant ratp, the variablesr;, R, N;} are constant, the general productivity-
level grows at a constant radg, and all other aggregate variables grow at a constant rate

1
g=((1+g)@+a)")™ . (2.12)
We normalize the population of unskilled laboto one.

Definition 1. A steady-state growth path is defined as a path for which aggesestablishment

productivity{A;} and the productivity of the newest vintafge} grow at a constant rate 4 the
variables{r;, R, N¢} are constant, the economy-wide productivity-level growa eonstant rate
0z and all aggregate variablegr;, Ki, W, St, Ci, Dy, V@) grow at a constant rate

0= ((L+ gL+ a)) ™.

Along the steady-state growth path, the measure over ésftaént productivity and promised
utilities satisfies:

A
Yrrsi1(A V) = Pis (rgg, V) ,
11



the measure of active establishments satisfies:

A
Arrs(A V) = Ags (rge, V) ,

and the value of an establishment of vintage s evolves aicgptot

V(A v s+1) = (1+gVi ( v(1+9)t7, s).

1+ Os ’
To construct the steady-state growth path, we normalizarszgtional capital by the frontier
level of technology, and we denote the resulting variabte wihat:A; = A;/6. By construction,
A > 1 for a new establishment. A key insight is that the orgaiorat capital of existing
establishments, expressed in units of the frontier teagypshrinksat a rate (1 gy):

log(A') = log(A) - log (1 + gs) + log (&) (2.13)

The prime denotes next period’s value. The lowerghehe higher the growth rate @ Below,
we introduce a secular declinegg. We normalize variables infigciency units. This allows us
to restate the production technology as follows :

e =k
where a variable with a tildeg, denotes the variable;, expressed in per capita terms and in
adjusted #iciency units of the latest vintage (blueprint):

Xt
1 1-v °
To plor

Ztl—m/ Gt

This notation allows us to reformulate the optimal contalong the steady-state growth path.
The owner maximizes his vald4 A, V) by optimally choosing current compensatmand future
promised utilities/ (-):

% =

V(AY) = max|V(A.9). 0]
and o
y-W-Rk-¢T
+e om0 [V(A 7)I(e)de’

subject to the law of motion for organizational capital inl(®), the promise-keeping

V(A V) = max

V()

: (2.14)

V = u©)+ebn 9 [ f Bs(V, &' W (AL (£')de’ + D(A) f (1-BW g’))r(g')dg']z.ls)

and subject to participation constraints forAl

V(A) = a(A).
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The indicator variablg is one if continuation is optimal and zero elsewhere:

B
B

The outside option process is determined in equilibriumhgyzero-profit condition for new
entrants:

1if v (A) <V(A)
0 elsewhere

V(maxAg, 1), w(A)) = S. (2.16)

Eq. (2.16) implies that the outside optior(ﬂt) is constant in the rangA € [0,¢7Y. We
refer to this range as the insensitivity region, becausetitgide option does not depend on the
organizational capital accumulated in the current esthbient. When the fraction of capital
that is portable is zero, the outside option is constantifoha 0.

3. Properties of compensation contract

Although the managerial compensation contract allows donglicated history-dependence, the
optimal contract along a steady-state growth path turngodudive intuitive dynamics. Two state
variables summarize all necessary information: the ctfexel of productivityA;, which we
have given an interpretation as the size of the establishraed the highest level of productivity
recorded thus fafnax:, which we will give an interpretation as the book-to-maniato of the
establishment.

3.1. No discount rate wedge

First, we consider the case in which the manager and the cavaerqually impatienip, =
po)- The promised utility state variable can be replaced by the running maximum of the
productivity processAmaxt maxA,,t < t}. We letT denote the random stopping time when
the establishment is shut down:

T=inf{r>0:V(A,V,)=0

Proposition 2. Optimal management compensation along a steady-statetiypath is deter-
mined by the running maximum of produchty(Amaxt) = max{co,C(w(Amaxt) Amaxt)} for

all 0 < t < T where the function (ﬁﬁ) is defined such that the implied compensation stream
{C.}32; delivers total expected utility; to the manager.

Proof: See Appendix B.Management compensation is constantfiicEncy units as long

as the running maximum is unchanged. The constancy is oplietause of the concavity of
the manager’s utility function, and arises as long as thégiation constraint does not bind.
This amounts tdoenchmarkingbecause the manager’'s compensation simply keeps up with th
industry’s productivity growth as long as the manager'dipgration constraint does not bind.
When the productivity process reaches a new high, the Eation constraint binds, and the
compensation is adjusted upwards. Armed with this resudt,can define the owner’s value
recursively as a function dﬁt and the running maxmurAmaxt

V(;A: Kmax) = max[V(K, A\max), O]
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and

V(A Anay) = — RK = T(Amay) + € P19 f V(A AL IT(E)de’,

subject to the law of motion for organizational capital inl2) and the implied law of motion
for the running maximum.

Fig.1 illustrates the dynamics of the optimal compensatitbrplotsﬂon the vertical axis
agamstAmax on the horizontal axis. By definitiond < Amax, o] that only the area on and
below the 45-degree line is relevant. New establishmeais wiith A = AmaX > 1. When
an establishment grows and this growth establishes a newrmeaxproductivity level, it travels
along the 45-degree line. When its productivity level fallsncreases but not enough to establish
a new record, it travels along a vertical line in th&ugx A) space. The region [@/¢] for
Anmax IS aninsensitivity region Managerial compensation is constaat="co) in this region.
Compensation is constant iffieiency units for small establishments because of the susk co
The manager will not leave because his productivity levatssificiently high to justify a new
sunk cost. To the right of this region, managerial compeéoisas pinned down by the binding
outside option that was last encountere@ay). As long as current productivity stays below the
running maximum, the manager’s compensation is constafiigiency units. Along thi&\& = 0
locus, the variation in current productivity is fully abbed by the net payouts to owners, as long
asA; stays above th¥ = 0 locus. The owner bears all downside idiosyncratic praditgtisk.
When productivity falls below this locus, the match is temated.

[Fig. 1 about here.]

Growth and value.In the (Amax A) Space, there is a line with slopealong which the owner’s
value is constantV = S. This is the locus of pairs for which = ¢Amax On this locus, an
existing establishment pays the same compensation as astaighment and it has the same
productivity:

V (¢Amax @(Amay) = S. (3.1)
This means that the firm’s market-to-book ratio, or avei@gaio, on this line is given by:
(VAR ), S
k(A k(A)

This suggests a natural interpretation of the ratio of eurpgoductivity relative to the running
maximum as an indicator of the market-to-book ratio. Corapgamo establishments with the
same sizé\. The establishment with the lower ratio@;fﬂmaxhas the same physical capital stock
k(ﬁ:), but higher (current and future) managerial compensafidns is because the manager is
compensated for the best past performance, which is suladgabove current productivity.
Hence, the value of its organizational capital going to tveersV/(A, Ana,) is lower. These low
A/Anaxfirms have a low market-to-book ratioslV/k. They arevaluefirms. HighA/Amaxfirms
are growth firms. In Fig.1, firms with the same market-to-bi@ilo are on the same line through
the origin. Value firms are farther from the 45-degree limewgh firms are closer.

Organizational capital as collateral. The limited portability of organizational capital creatke

collateral in the matches necessary to sustain risk sharimg extreme cases illustrate this point.

In the first case, there is no capital specific to the match herktare no other frictions, as in

Krueger and Uhlig (2006). The manager can transfer 100%eobthanizational capital of the
14



establishment to a future matah € 1) and there are no sunk cos&# 0). Wheng = 1in Fig.

1, theV = S line coincides with the 45- -degree line. Therefdres S = 0 everywhere. Limited
liability then implies thatV = 0. Because there is no relationship capital, no risk sharimy
be sustained, and the managers earn all the rents from oeg@mal capital. The value of the
owner’s stake in the organizational capital is zero. Thiglies that Tobin'sy equals one for all

t. In this case, the contract actually operates like a “spaketaontract” because the manager
will be paid his outside optiow in each state and date. The participation constraints lnind i
equilibrium, at least if shareholders and managers sharsaime rate of time preference and we
rule out the manager posting a bond at the start of the emmoyrelationshi.

In the second case that we consides O: all of the organizational capital is match-specific.
This is the case considered by Atkeson and Kehoe (2005).nBeasitivity region extends over
the entire domain oA. The manager’s outside option is constant so that perfektstiaring
can be sustained. There is zero dispersion in managerigi@osation. The owner receives all
organizational rents, which is reflected in high g ratios.

Compensation and payout dynamiddle use a random 300-period simulation from a calibrated
version of the model to illustrate the compensation dynantie details of the calibration are in
Section 4.2. Fig. 2 tracks a single, successful establishtheough time. The left panel plots the
realized @\maxt,ﬂt) values, as in Fig. 1. The right panel shows the correspgytdire series for
productivity (or size)A (solid line, measured against the left axis) and managesiabensation
C (dashed line, measured against the right axis). Beaaus.5, the insensitivity region extends
until A = 2. In that region, the compensation is constant. When ttebkstiment size exceeds
2.0, around period 50, and leaves the insensitivity regmanagerial compensation starts to
increase in response to increasesjie., every time a new running maximum faiis attained.
The establishment moves along the 45-degree line in thedefe! in the A\maxt, A) space. The
manager’s compensation does not track the downward mowsiimgroductivitysize that occur
between periods 75 and 100. This is the first vertical locymafts in the left panel. The second
big run-up in productivity increases the manager’s comatns once more. Eventually, when
the productivity level drops below the lower bouAg/), the owner’s residual value equals zero
V = 0, the match is dissolved, and the manager switches to a néehmahis endogenous
break-up is indicated by an arrow. A new match stafisbproductivity Ievemax(qﬁA\, 1). This
second match only lasts for about 20 periods because of podugtivity shock realizations.
The third match on the figure lasts longer, but the estabkstimever leaves the insensitivity
region, so that wages are constant.

[Fig. 2 about here.]

Fig.3 compares the manager’s payaueft panel) and the owner’s payoutgright panel)
for the same history of shocks as the previous figure. Theplafiel is identical to the right
panel in Fig.2. The key message of the figure is that the owmparyouts are more sensitive to
productivity shocks than the manager’s compensation. Bshetl line in the right panel is more
volatile than the dashed line in the left panel. In the ingatity region, the owner bears all the

8The case of spot contracts cannot explain the observedmaite compensation inequality or Tobirgs Further-
more, firm size is not well-defined. A large firm just happenbeane that hires a manager with lots of organizational
capital this period, but next period, this manager couldnbe diterent match. There is no glue to keep the manager in
the match.
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risk from fluctuating productivity. In addition, whenevéret productivity level falls below the
running maximum, the owner’s payouts absorb the entirdm®ah output. This is because the
owner provides maximal insurance to the risk-averse manage

[Fig. 3 about here.]

Renegotiation.In the general case in whick > 0 or¢ < 1, the contract is not renegotiation-
proof in some states in which the match is discontinued. kample, in those discontinuation
states (states withr = 0) where shareholder value is positive when evaluated avtitgde
option,VT (A7, wr(A7)) > 0, the managers and the shareholders could ex post ameruahtineat
such that the manager’s promised utility is the outsideooptir (A7) in that state of the world
(instead ofvy), and lower current compensatiop accordingly. In that case, the compensation
itself is identical to the one that is delivered by our orainontract, but is delivered by thud
match, rather than a new ofie.

To derive the renegotiation-proof version, we would havanipose an additional non-
negativity constraint on shareholder surpliign those states with joint surplus when the man-
ager’s pay package is reduced to her outside opNar(Ar, wr(Ar)) > 0). The characteriza-
tion of this optimal contract is not straightforward becagsrrent productivity and the running
maximum of productivity are no longer Sicient state variables. However, the compensation
implications from the renegotiation-proof contract wolilkely be similar, but the lowered com-
pensation after a very bad productivity shock would be paitthy the old match instead of the
new match. Separations would be less frequent in equititarithe empirical evidence on down-
ward wage rigidity and the preference of firms for |&gmver salary cuts (see the discussion in
the introduction) seems more consistent with our contridenice, we assume that the match is
discontinued whew; hits zero, as described in Proposition 2.

3.2. Discount rate wedge

In the benchmark case with equal rates of time preferencéhtomanagers and the owners,
managerial compensation does not resporaktyeasef firm size and productivity. The man-
agement is completely ‘entrenched.” In the quantitativetiea of the paper, we consider a less
extreme version, by allowing for a wedge between the discoates of the management and
the owners. In particular, we consider the case in which taeager discounts cash flows at a
higher rate than the ownes{ > po). This is the relevant case when the manager faces binding
borrowing constraints, has a lower willingness to subkittonsumption over time, or simply
has a higher rate of time preference. This is a standard gasmmin the literature; see DeMarzo

et al. (2007) for a recent example.

Proposition 3. Let tnax denote the random stopping time that indicates when theggaation
constraint was last bindinginhx = supr > 0 : w(A;) = V;}. Optimal management compensa-
tion evolves according tog, = c(A;, )e " ¢Pnrot-tnad for all 0 < t. We define @) such that

{C: )3, delivers total expected utilim(ﬂt ) to the manager.

max

-max.

Proof. See Appendix B.Instead ofﬂmax, the new state variable is a discounted version of
the running maximum; it depreciates at a rate that is gowkhyethe rate of time preference
gap between the manager and the owner. In the absence ofdipdrticipation constraints,

9The contract is renegotiation-proof$ = 0 and¢ = 1.
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managerial compensatiangrows at a rate smaller than the rate of value-added on thdyste
state growth path. Putflierently, whenever the current productivity of the estéistisnt declines
below its running maximum, the manager’s scaled compers@trifts down. The left panel of
Figure 4 illustrates this downward drift, for example bednwg@eriods 150 and 200. Management
is less ‘entrenched.” This feature will help to match eduilim entry and exit rates in the data.
Without it, the model generates too much entry and exit.

[Fig. 4 about here.]

4. Transition experiment

We feed a gradual increase in general productivity growtb the model:g; 7. To keep the
analysis tractable, we assume that the total productivitwth rate of the economy is constant
at its initial steady-state growth patralue®

9=+ g+ g) | 4.1)

Holding fixedg, the increase ig, corresponds to a decrease in the rate of depreciation of orga
nizational capital in the stationary version of the modej; |. The growth composition change
allows existing firms in traditional industries to remaimmgetitive longer, and grow larger. Their
organizational capital depreciates less quickly in 20@®&xhan in 1970-74 (see Eq. 2.13).

In Fig.1, a lowerg, has two distinct fflects. First, it reduces the rate at whihirifts down
along a vertical line. Second, it shifts more probabilityssi#o higher realizations @nayx. S0,

a decrease gy shifts more probability mass closer to the 45-degree limg, more mass in
the northeast quadrant. Thus, the the growth compositiangd creates larger establishments
and more of them argrowthrather tharvaluefirms. The increased importance of growth firms
seems intuitively consistent with the notion of the IT rexan.

Establishments accumulate more organizational capitbheslonger-lived in the new steady
state. Because more establishments grow larger, the mahagéside option constraint binds
more frequently. This increases the sensitivity of pay tdgeenance. In addition, the arrival
of more large establishments increases the back-loaditigeaiwner’s payouts. This raises the
owner’s average payouts in the cross-section as a fractiontput. Managerial compensation,
in contrast, is more front-loaded.

We study the transition between a low and a high generalgagrimnnovation growth path. At
t = 0, agents know the entire future path fg{H}tT:O, although the arrival of the General Purpose
Technology (GPT) itself att = 0 is not anticipated &t = ..., -2, 1. Appendix C defines the
constant cost-of-capital transition. It also explainsreerse shooting algorithm we use to solve
for prices and quantities along the transition path. Thia ison-trivial problem because we
need to keep track of how the cross-sectional distributfofAov) evolves over time. We then
simulate the economy forward for a cross-section of 5,0@béishments, starting in the initial
steady state. We assume the change in the relative impertdrgrowth rates is accomplished
in 20 years. However, the economy continues to adjust sotiesiy afterwards on its way to the
final steady state.

10Fjrst, there is little evidence that the last 35 years haea $égher average Gross Domestic Product (GDP) growth
g than the 35-year period that preceded it. Second, changlig @owth along the transition path is computationally
challenging.
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4.1. Target moments in the data

Several of the model's parameters were chosen to match nterokthe data we describe
below. This is true for the decline in job reallocation, therease in wage dispersion, and the
initial exit rate.

Increased dispersion in compensatiowe provide three sources of data, all of which document
a large increase in wage inequality. The first and broadeasure studies wages of all workers.
The data are from the Quarterly Census of Employment and SVE@@EEW) collected by the
Bureau of Labor Statistics (BLS). The unit of observatioansestablishment, and the data report
the average wage. We calculate the within-industry wageedsson from a panel of 55 two-digit
Standard Industrial Classification (SIC)-code industréesl average across industries. Panel A
of Table 1 shows that the cross-sectional standard dewiafitng wages increased by 7.3%, the
interquartile range (IQR) by 5.4%, and the interdecile HgR) by 14.7% between 1975-1979
and 2000-2004!

The second body of evidence comes from managerial wagede \dlni model has implica-
tions for overall wage inequality, managerial data argyphbbvide a cleaner match. We use wage
income data from the March Current Population Survey anecseinly workers in managerial
occupations (see Appendix A.4). Panel B of Table 1 showsithhts sample, the cross-sectional
standard deviation of log wages increased by 9.4%, the IQR1b3%, and the IDR by 19.6%
between 1975-1979 and 2000-2004. Hence the increase ingexdaacompensation is more
pronounced than for the population at large.

The third and most narrow metric focusses on the top of thepemsation scale. Measuring
total compensation (salaries, bonuses, long-term boryragats, and the Black-Scholes value
of stock option grants) for the three highest-pafficers in the largest 50 firms, Frydman and
Saks (2006) show a strong increase in executive compens&amel C of Table 1 uses the same
data to show an equally spectacular increase imlibgersionof top managers’ compensatiéh.
Since the mid-1970s, the cross-sectional standard dewiafilog compensation increased by 43
log points, the IQR and IDR more than doubled to 1.5 and 2gpeetively. The inequality and
the increase in inequality are strongest for this group etatves.

[Table 1 about here.]

Declining excess job reallocatioriThe excess job reallocation rate is a direct measure of the
cross-sectional dispersion of establishment growth ratess defined as the sum of the job
creation rate plus the job destruction rate less the net@munt growth rate. Before 1990,
we only have establishment-level reallocation data formfamufacturing sector. Fig. 5 shows
that the excess reallocation rate in manufacturing detlfrem 11.9% in 1965-1969 to 8.4%

in 2000-2005, and further to 7.8% between 2006 and 2007.r AR80, the BLS provides
establishment-level data for all sectors of the economer@hwe 1990-2007 sample, the excess
reallocation rate declined from 10.6% to 7.2% in manufaotyfrom 15% to 12.4% in services,
and from 15.6% to 12.3% in the entire private sector. Halhif tlecline is due to a decline in

11According to Dunne et al. (2004), increasing within-indusbetween-establishment wage dispersion accounts for
a large fraction of the increase in overall income inequatithe US. This is true especially for non-production waske
which includes managers. They study US manufacturing ksttatents. Between 1977 and 1988, the between-plant
codficient of variation for non-production workers’ wages irased from 44% to 56%, while the within-plant dispersion
actually decreased. They also show a similar increase idigipersion of productivity between plants.

12\\/e thank Carola Frydman for graciously making these datieda to us.
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entry and exit rates for establishments, from 4% to 2.5%. dther half is due to a decline in
expansions and contractions of existing establishments.

[Fig. 5 about here.]

Similar trends have been shownfirm-level(rather than establishment-level) data. Davis
et al. (2006) find large declines in the dispersion and thatiiby of firm growth rates for the US
economy, either measured based on employment or salesgrblag employment-weighted dis-
persion of firm growth rates declined from .70% in 1978 to .56%001, while the employment-
weighted volatility of firm growth rates declined from .22861980 to .12% in 2001. The former
measures the cross-sectional standard deviation of firmtgnates, while the latter measures
the standard deviation of firm growth rates over tith&@his decline in volatility is present across
sectors.

Finally, Haltiwanger and Schuh (1999) construct a proxyefstablishment-level reallocation
by studyingintra-industryjob flows. This is the only economy-wide series that is camdily
available for our sample period. The excess reallocatitafos the non-financial sector declines
from 19% in 1960 to an average of 11.5% in 2000. This 19-11.B&fge is what we calibrate
to in our benchmark model.

Valuation. The increase in the payouts to securities holders over gh&layears coincided with
a doubling of Tobin’s averaggand the value-output ratio. Tobindsis measured as the market
value of US non-financial corporations, constructed fromftow of Funds (FOF) data divided
by the replacement cost of physical capital:

We construct the replacement cost of physical capital usiagperpetual inventory method with
FOF investment and inventory data (see Appendix A.1). Tisédmlumn in Table 2 shows that
Tobin’sg decreased from 2.0 in the 1965-1969 period to 1.0 in the 1B¥Bperiod. After that,
it gradually increases to 2.6 in the 1995-1999 period and thievels df to 2.3 and 2.0. The
value-output ratio for the US corporate sector, reportezblumn 2, is computed as the ratio of
V2 to gross value-addey. It tracks the evolution of Tobin'g almost perfectly.

The value of US corporations per unit of physical capital imese than doubled since the
late seventies. The increase in valuations seems to bellitokthe accumulation of organiza-
tional capital rather than physical capital. Note that theusar increase in Tobinig cannot be
explained solely by a decrease in taxes. Indeed, in a modebuti organizational capital and
no adjustment costs, Tobintgis always one. In a world with reasonable adjustment costs, a
decrease in taxes could increase Tobmabove one, but only temporarily. Finally, the large
deviations of Tobin'g) from one occur in the second half of the sample when the aegdeagate
is slightly increasing

[Table 2 about here.]

13Comin and Philippon (2005) show that there is an increaselaility for the subsample of publicly traded firms.
Our analysis is for the entire non-financial sector, puplithded and privately held. The discrepancy between the
findings for public and for all firms may have to do with privditens that go public earlier. The Initial Publicft@ring
(IPO) decision is outside of our model.
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4.2. Benchmark Parameter Choices

In order to assess its quantitative implications, we catibithe model at annual frequency.
Table 3 summarizes the parameters.

Production technology and preferenceBhe parameter governs the decreasing returns to scale
at the establishment level. It is set to 0.75, at the low enthefrange considered by Atkeson
and Kehoe (2005). The other technology and preferencesngtess are chosen to match the
depreciation, the average capital-to-output ratio, aedatrerage cost of capital for the US non-
financial sector over the period 1950-2005. The depredciatites is calibrated to M6 based

on National Income and Products Accounts (NIPA) data. Negtcalibrate the Cobb-Douglas
productivity exponent on capitaly. Because there is no aggregate risk, the rate of return on
physical capital is deterministic in the model. In equililin, that rate equals the discount rate.
Both are fixed along the transition path. From the Euler aqndor physical capital, we get:

Y
=(1-5 —).
r ( +G’VK

We compute the cost of capitalin the data as the weighted-average realized return onyequit
and corporate bonds; it is 5.5%. The weights are given by bsemwved leverage ratfd. The
average capital-to-output ratio is 1.77. The above egndkien impliesyry = 0.23. As a result,

a = 0.30.

We choose the rate of time preference of the ownret 0.02 such that his subjective time
discount factor is exp{o,) = 0.98. In our benchmark results, we assume that the managssis le
patient:p, = 0.03. Finally, we choose a cfiicient of relative risk aversiop = 1.6. This is the
value that solves Eq. (2.8) given our choicesrfgs,, and given the average growth rate of real
aggregate output af = 0.022.

[Table 3 about here.]

Organizational capital accumulation and portabilitylo calibrate the organizational capital ac-
cumulation, its portability, and the sunk costs of formingeav match, we match the excess job
reallocation rate and the firm exit rate in the initial steathte to those observed in the data in
1970-1974, and we match the increase in managerial wagedhdo that in the data.
Following Atkeson and Kehoe (2005), we assumestBBocks are log-normal with meam
and standard deviatians. We abstract from the dependence on these parameters cimthges
s. For parsimony, the mean is set zero. However, younger matches (log)ewill grow faster
in equilibrium because of selection, even without age-ddpace irms. The standard deviation
os = o of these shocks is chosen to generate an excess job remlfoe of 19% in the initial
steady state. This choice matches the 1970-1974 reablocatie in the data. The size of the
sunk cost ) is chosen to match the entry-exit rates in the initial syestdte. The sunk cost is
equal to 6.5 times the annual cash flow generated by the avérag This delivers an entfgxit
rate of 4.3% in the initial steady state, again matching #e01+1974 data. The portability or
match-specificity parametergoverns the increase in wage dispersion in the model. We set i
equal to 0.5, which means that 50% of organizational cajgiteinsferable to a next match. This
value of the parameter enables the model to match the ireneagra-industry wage inequality.

14since the model has no taxes, but there are taxes in the datakevinto account the corporate tax rate (28%) in the
calculation of the cost of capital. Appendix D provides mdegails on the cost of capital calibration.
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Productivity growth composition In the baseline experiment, we assume the change in
the composition of growth tgnew OCcurs over 20 years, and we assume it starts in 1971. After
20 years, in 1990, productivity growth settles down @z Onews). The actual transition to
a new steady-state growth path takes much longer. The chartbe composition of growth
is calibrated to match the decline in reallocation ratehandata from 19% to 11%. General
productivity growth increases fromyiq; = 0.3% in the initial steady state hew; = 1.45%
in the new steady-state. Correspondingly, vintage-spauifiductivity growth decreases from
Jold,g = 5.5% t0gnewy = 0.8%.

4.3. Main results: Compensation and size Distribution

We start by comparing the size and compensation distribirtithe initial and final steady states,
as well as its evolution during the transition.

Fig.6 illustrates how a relatively modest change in thedigiibution of firms, brought about
by a change in the composition of productivity growth, tlatess into a much larger change in
the distribution of compensation. The left panel plots thgedompensation of managers (kg ~
against the log of establishment size (Bgn the initial steady-state growth path of the model.
The right panel shows the same plot for the final steady stateth path. Each dot represents
one establishment in the cross-section. The key to the &ogion is the compensation contract.
The optimal contract features a lower bound on size belovelvttie manager's compensation
does not respond to changes in size. Above a certain sizenan@ger's compensation only
responds to good news about the establishment’s produyctili the initial steady state, few
establishments become large enough to exceed the insépsidnge. Managerial compensation
hardly responds to changes in size; there is little crostes®l variation in compensation. The
right panel shows that this is no longer true in the new steddie. Establishments live longer
on average and the successful ones grow larger. The logisiziduation is more skewed than in
the initial steady state. The figure shows a strong positisesssectional relationship between
size and managerial compensation. Thus, the model endoglgrgenerates a shift from low-
powered to high-powered incentive compensation contracts

[Fig. 6 about here.]

On the new steady-state growth path, the distribution ofagarial compensation has much
fatter tails than the size distribution, as shown in Fig. t&.1éft panel shows the histogram of
log compensation in the new steady state; the right pankeéikistogram of log size. Both were
demeaned. The distribution of managerial compensatioroi® rekewed and it has fatter tails
than the size distribution. The kurtosis of log compensgisol9.82, compared to 3.38 for log
size. The skewness is 3.81 for log compensation, compai@d fdfor log size.

[Fig. 7 about here.]

There is a large finance literature that studies compemsfdidop managers (see Frydman
and Saks, 2006; Kaplan and Rauh, 2007). Gabaix and Landi@Bj2nd other studies have
shown that managerial compensation is well-described bgveepfunction of size, a finding
referred to aRRoberts’ law In our model too, the compensation distribution has muttkifgails
than a log-normal. On average, the relation between conagiensand size in the new steady
state satisfies log= a + Klogf&. The slope coicientk is 0.24 in the new steady-state, close
to the value of 13 found in the empirical literature. Our model, thereforet anly provides a
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rationale for the large and skewed increase in managernabeasation, but is also quantitatively
consistent with the observed size-compensation distobut

The model has implications for the size distribution of firagttmer (2007) and others show
that the size distribution fdarge firms follows a Pareto distribution. The same is true for the
large firms in our new steady state. Fig.8 shows that theioal&etween log rank and log size
is linear for large establishments. Quantitatively, thedeits Pareto co@cient is 1.5 whereas
the tails in the data are slightly thicker with a Paretofoint of 1.3° For small firms, the
relationship is less steep, a finding reminiscent of the it literature.

[Fig. 8 about here.]

Table 4 reports the impact of the change in the compositiagr@fth on the distribution of
compensation and productivity. The log of establishmentpctivity (TFP) is given by (+
V) Iogﬂ. The log of the manager’s wage is given by ©gThe left panel reports the cross-
sectional standard deviation, the interquartile rang&(t® 75-th minus 25-th percentiles), and
the interdecile range (IDR or 90-th minus 10-th percenfifeslog wages; the right panel does
the same for log TFP. The first (last) line shows the valuehénnitial (final) steady state. The
numbers in between are five-year averages computed alorigatistion path. Small changes
in the productivity (or size) distribution cause big chasgethe distribution of compensation.
The standard deviation of managerial compensation inesgas 7.3% in the first 35 years of the
transition, similar to what we report later for the increaswithin-industry wage dispersion in
the datat® In the next ten years from 2006—2015, the standard deviafitoy wage dispersion
is predicted to increase by another 4.5% and the IDR by as msidi.5%4- In sum, the shift
towards high-powered incentives leads to a substantie¢@se in income inequality.

To summarize, in the benchmark version of the calibratedefydde standard deviation of
log managerial compensation increases by 11 log pointd(Reby 8 log points, and the IDR
by 9 log points over the same period. The IDR increases anathig points in the following
five years. This compares favorably to the data for workedsraanagers in Panel A and B in
Table 1. Finally, the model produces and increase of 50 lagtpdn the IDR for the largest
500 establishments, 58 log point for the largest 50 estabksts (see Table 5). Of course, this
number still falls short of the 130 log points increase fqr teanagement in the largest 50 firms.
In the high portability case, the increase in the IDR is 80 pmjnts. This massive increase
in compensation inequality is generated by a modest inereagroductivity dispersion. As
the right columns show, the standard deviation of proditgtimcreases by only 1.5 percentage
points in the first 35 years of the transition. The IQR for eases from 18.3 to 18.4% and the
IDR from 29.2% to 31.8% over the same period. Overall, proditgtdispersion in our model
is somewhat smaller than what is found in the data. Using 198 fnanufacturing data at the
4-digit industry level, Syverson (2004) reports a withithustry IQR of log TFP between 29
and 44%. Increasing log TFP dispersion in the model would gse to too much reallocation,
absent other frictions.

[Table 4 about here.]

15We follow Gabaix and lbragimov (2007) who estimate the Raraidficient b from a regression of the form
log(Rank-}2)=a-b log(Size).

16|n the model, unskilled wages are equalized across ediat#ists and do notect the dispersion.

In the new steady-state, compensation becomes very sketivedDR increases so much that the IQR actually
decreases.

22



Table 5 reports the sensitivity of managerial compensadtiaize for the 500 largest and 50
largest establishments in the model's simulated panel. tdpganel looks at the benchmark
calibration. We measure the sensitivity of managerial cemsgtion to size by running a sep-
arate cross-sectional regressionAdbgc on AlogA' in each time period. The slope of that
regression is referred to as the pay-performance elgsti€iblumns 1 and 5 report the slope
codficients (multiplied by 100) for the 500 and 50 largest firmspestively. Columns 2 to 4
and 6 to 8 report the dispersion of log compensation for thesesamples. For the 500 largest
firms, the pay-performance elasticity increases from zz£086. That is, every percent increase
in size translates into 0.056 percent increase in compensatlowever, for the 50 largest es-
tablishments, the elasticity increases from 3.4 to 46. Thdehmakes predictions only about
the compensation of the entire management team. In therda#t,studies focus exclusively on
CEOQ'’s. Murphy (1999) finds that the cash compensation elasfor CEOs of Standard&Poor
500 companies increases from 8.0 in 1972 to 40 in 7§9Bur model fails to match this increase
in the CEO compensation elasticity, except when we lookeatatgest establishments.

[Table 5 about here.]

4.4. Labor reallocation, exit, and firm valuation

The right panel of Table 4 summarizes the other main aggesgdtinterest. The first column
shows the excess job reallocation rate. We calibrate tHtishhe composition of productivity
so as to match the initial steady-state value of 19% as wehasubsequent decline to 12.2%
over the ensuing 35 years. The model successfully matcleedettiine in entrgexit rate (on a
steady-state growth path, those are identical). The ebeitstarts from 4.3% (chosen to match the
sunk costs) and declines to 3.0% by 2001-05. In the dataglingel from 4% to 2.5%. The exit
rate is highest in the first ten years of the transition bee#tusre is a shake-out of establishments
that are no longer profitable under the increased managengbensation.

The last three columns of Table 4 report valuation ratios. edgblishments start to live
longer and accumulate more organizational capital, theegde value of organizational capital
starts to increase. This is the same selectibece We are only sampling the survivors when
computing the market value of matches. Correspondinglyiffeq increases from 1.4 in 1971—
7510 1.6 in 2001-05 (column 9). The value of organizatioagit@l as a fraction of value-added
Vi/(Y: — S?) increases from 0.83 to 1.18, a 42% increase (column 10).ifdrease in the data
from 1.54 to 2.41 represents a 45% increase (see Sectian 4.1)

Managerial workers capture only part of this increase iranizational rents because of the
sunk costs and limited portability of organizational capifhe sunk costs create an insensitivity
range in which managerial compensation does not responatugtivity shocks. In addition,
the discount rate wedge imputes a downward drift to the mani@g-ompensation. As matches
live longer, managers end up with a smaller share of the ssrgllanagerial wealth declines
from 8.3% of value-added to 7.2% (columnM/(Y — S?)). The model thus implies a large
transfer of wealth from the managers to the owners. Howglrere is an enormous amount of
heterogeneity in the evolution of managerial wealth to eaddded ¥/(Y — S?)), echoing the
increase in managerial compensation dispersion showieie&¥e sort all managers by their final
steady-statd/(Y — S?@) ratio. Managers in the 95-th percentile saw a largeease managers

18These elasticities are based on annual regressiomslagf(Cash Compensatigron log(l+Shareholder Retupn
Cash compensation includes salaries, bonuses, and smalingsnof other cash compensation. Data prior to 1992
are from Forbes Annual Compensation Surveys; data for 1882ager are from the Compustat ExecuComp database.
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in the 90-th percentile maintained the status quo, whil®tier managers (especially those in
the smaller establishments)fiered a decline in wealth. Managers in the 5-th see their tvealt
decline from 8.0 to 6.5 times (per capita) value-added.

4.5. Robustness

The degree of portability governs several key aspects of the model. We studied both a
higher value ¢ = 0.75) and a lower valueg(= 0) than our benchmark cas¢ £ 0.50). These
results are reported in Table 6 and Table 7. More portathtplifies the dispersiorfiect of the
shift in productivity growth composition, but lowers thenease in the valuation ratios.

The left panel of Table 6 shows the compensation and prodtyctlistribution along the
transition for the case in which all of the organizationgbital is match-specific{ = 0). As
we expected, the model no longer generates any increasenag®aaal compensation inequality.
Indeed, the managers are fully insured and the owners eagtarger share of the organizational
rents. The same results obtain in the case in which managersilty commit to staying in the
match.

This all translates into larger increases in the owners'lthealative to value-added and in
Tobin’s g ratio. These results are reported in the left panel of Tabl@bin’'s g goes up from
1.38 to 1.84, a substantially larger increase than in thetark case. In sum, the predictions
for valuation ratios improve, but the predictions for waggpérsion are counterfactual.

In contrast, increasingto a value of 0.75 gives managers more ownership rights tanirg-
tional capital. The right panel of Table 6 shows the comptmsand productivity distribution.
As a result, not only is initial income dispersion highere(dtandard deviation of log wages is
9.6% instead of 0.9% in the initial steady-state), the iaseein dispersion is also higher. The
standard deviation increases by 15%, the IQR by 8.0% andOReby 42% from the initial
situation to 2001-05. These increases are much larger thdreibenchmark case and fit the
increase ilMmanageriaincome inequality in the data better. Some other desiraalaifes of the
¢ = 0.75 calibration are that (i) Robert’s cfiieient, which measures the elasticity of managerial
compensation to firm size, is 0.32, now matching the datatlyxaad (ii) the Pareto cdicient
of the firm size distribution is 1.05, also matching the emngpirestimates, around 1.0. However,
the increase in valuation ratios is only half as big as in teredhmark case.

[Table 6 about here.]

[Table 7 about here.]

5. Additional evidence from the cross-section

This section explores the cross-sectional relationshiwdsen managerial compensation dis-
persion on the one hand and firm valuation on the the other, Hiasicin the model and then in
the data. The empirical evidence for the cross-sectionkldetween wage dispersion and firm
valuation in the data, and the model’s ability to generatendlar link, lend further credibility to
the organizational capital accumulation mechanism we pavéorward. While there are many
other potential explanations for cross-sectiondélledences in firm value, such as external and
internal governance, Research&Development, investmgobrbunities, etc., it is nevertheless
important to document that the cross-sectional correlatimplied by the model hold up in the
data.
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Our analysis so far focused on the time-series relatiornséiween the composition of pro-
ductivity growth, the reallocation rate, and Tobig'sin the model, these same relationships hold
in the cross-section. We use the calibrated model to iktistthis mechanism. We compute 13
different steady-state growth paths for 18efient economies, we label “industries.” All parame-
ters are constant across economies except for the vinpeggfis growth ratey,, which we vary
in equally-spaced increments from a low value of 0.00% togh kialue of 6.82%. Fig. 9 plots
the Tobin’sq ratio for each industry against its dispersion of managjeompensation. Reading
from the left to the right, as the vintage-specific growtterdéclines, the average Tobirmjsn-
creases and so does the dispersion in managerial wagesigpeRecalling Fig.2, a larger mass
of firms stays closer to the 45-degree line in such low vintsgecific growth industries.

The sensitivity of the valuations to changes in the reatiooarate is much higher for in-
dustries with a lowgy area. Moving from the point labeled “1” to point “2” on Fig.Bobin’s q
decreases by 50 basis points in response to a 100 log pouresade in the dispersion of com-
pensation. In the data discussed below, estimates of thespumding decrease in Tobigivary
between 111 and 70 basis points if we use a broad measure ef disgersion and between
50 and 80 basis points if we focus only on executive compansdispersion. The same size
increase irgy has smaller #ects on g and wage dispersion wggris higher.

[Fig. 9 about here.]

In the data, we identify high vintage-specific growtl)(industries, who experience faster
depreciation of organizational capital, as those with logress-sectional dispersion in manage-
rial compensation. The key question then becomes whetheasiries characterized by higher
dispersion also have lower valuation ratios. We build a paite5 industries at the two-digit SIC
level covering the 1976—2005 sample. As before, we exclodénancial sector to end up with
47 industries; see Appendices A.2 and A.3 for details. Wenéxa the cross-sectional relation-
ship between compensation dispersion and the average’Solimthis panel of 47 industries.
We use two dierent measures for the average Tobop'sThe first measure (Tobingl) uses
total assets less financial assets at book value in the deatoni The second measure (Tobin’s
g2) uses the book value of total assets in the denominator. Tiheerator in both ratios is the
market value of the firm. Appendix A.2 provides more details.

Our first estimation uses the cross-sectional standaratieviof log wages among the estab-
lishments within an industry from QWEC. We include fixeteets for time and industry in these
regressions. The results are reported in Table 8. Our seestidation uses individual-level
wage data for executives from Execucomp to form the wageediépn in an industry. These
results are reported in Table 9. For ease of comparison, eeesfon the common sample 1992—
2005. The establishment-level data are available at gqlyaftequency, while the executive data
analysis is at annual frequency. In the latter case, we ge€Fabin’sq across the quarters in a
year.

Columns 1 and 3 of Table 8 show that there is a significantlytipescovariation between
wage dispersion and Tobinégl and g2 using the establishment-level data. The point estsna
imply that a one standard-deviation increase in the wageedsson of a region (within-region
variation) increases Tobin&l by 0.063 and Tobin'gj)2 by 0.046. A region with a one standard
deviation higher wage dispersion (across-region vamnatibas a Tobin'gjl (q2) that is 0.417
(0.303) higher. In specifications 2 and 4, we control formgtiales and continue to find strong
positive correlation between the wage dispersion in anstrgiuiand itsq ratio. While the in-
teraction &ect is negative, the overalffect of wage dispersion is positive (last row). We find
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similarly strong &ects if we use the interquartile range of log wages insteatth@fstandard
deviation (not reported).

[Table 8 about here.]

Table 9 repeats the same analysis using a measure of waggsitispfor executives (See
appendix A.5). Wage dispersion is the cross-sectionatlstahdeviation of the log wage among
executives within an industry. Executive wage disperamam industry is significantly positively
related to both measures of Tobimjgcolumns 1 and 3). A one standard deviation increase in
the within-industry wage dispersion (0.161) translatee 800.123 increase in Tobingl and
a 0.076 increase in Tobing2. The marginal fect of wage dispersion on Tobinésslightly
increases after controlling for the intangibles ratio aé thdustry (columns 2 and 4). In this
specification, theféect of executive wage dispersion on Tobig's stronger in industries with a
higher intangibles ratio. For example, in column 2, the Btduwith the average intangible ratio
shows a sensitivity to a (within) one standard deviatioméase in WDISP of 0.133, whereas that
sensitivity increases to 0.143 for an industry with an igibte ratio that is one standard deviation
above the average. The results are very similar when usaggtlue of options exercised instead
of options granted in the wage definition (not reported). fdseilts using the interquartile range
of log wages are also similar (not reported), suggestindgagicorrelation between managerial
wage dispersion and Tobing

[Table 9 about here.]

To sum up, we find that firms in high wage dispersion, low realtmn industries tend to
have higher Tobin’g, as predicted by the model. In these industries, successfislaccumulate
more organizational capital.

6. Conclusion

In the last three decades, there has been a marked increas@ayerial compensation inequal-
ity and in the sensitivity of compensation to performanchisTpaper argues that both changes
can be tied to a compositional change in the nature of prodiycgrowth and the increases in
organizational capital that resulted from it. In our mo@stablishments combine organizational
capital, physical capital, and unskilled labor to produagat. The division of organizational
rents between the owner and the manager of the establistergmterned by a long-term com-
pensation contract. The well-diversified ownédlfeos insurance to the risk-averse manager, but
this insurance is limited by the manager’s ability to leane &y the owner’s limited liability.
Because the manager can transfer a fraction of the orgamahtapital to a future employer,
the increased accumulation of organizational capital owes the outside options of managers
in successful firms, and the manager's compensation inesdasresponse to positive perfor-
mance. In small, unsuccessful firms, compensation is iitsent performance. The change
in the composition of productivity growth allows succes$sfstablishments to accumulate more
organization capital and grow larger. Together they actfomthe increase in compensation
inequality. In addition, the model generates an increadienmvaluation relative to the physical
capital or to output, which reflects the higher value of orgational capital. It is also broadly
consistent with trends in labor reallocation, the firm simgribution, and firm exit and entry.
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Table 1
Increasing wage dispersion

All three panels plot the cross-sectional standard dewiatnterquartile range, and interdecile range of log wages
Statistics are averaged over 5-year periods. In Panel A, @asure intra-industry, between-establishment wage
inequality. The data are from the Quarterly Census of Emptayt and Wages (QCEW) collected by the Bureau of
Labor Statistics (BLS). The unit of observation is an essabhent, for which we know the average wage. We
calculate the within-industry wage dispersion from a parfi&5 two-digit SIC-code industries, and average across
industries. In Panel B, we use individual-level data from @urrent Population Survey, March issue. We select
only the managerial occupations. Finally, Panel C usesfdataFrydman and Saks (2006) for the three
highest-paid fiicers in the largest 50 firms in 1960 and 1990.

Std IQR IDR

Panel A: All workers

1975-1979 214 291 532
1980-1984 229 293 572
1985-1989 24.2 308 585
1990-1994 251 316 611
1995-1999 269 328 657
2000-2004 287 345 679

Panel B: All managers

1975-1979 59.4 72.9 140.8
1980-1984 61.3 79.8 147.5
1985-1989 62.9 82.5 152.7
1990-1994 64.8 83.8 156.6
1995-1999 67.2 83.3 157.7
2000-2004 68.8 84.2 160.4

Panel C: Top-3 managers

1975-1979 55.7 74.1 135.1
1980-1984 58.3 74.0 146.7
1985-1989 69.7 90.2 172.6
1990-1994 76.9 100.0 186.8
1995-1999 92.6 124.0 231.7
2000-2004 99.4 149.5 260.9
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Table 2

Valuation ratios for U.S. corporate sector

Tobin’s q is the ratio of the market value of US corporatiorddivided by the replacement cost of the physical capital
stockK. The value-output ratioV/(Y — S?)) is the market value of US corporationd divided by value-added

Y - S of the non-financial corporate sector.

@ @

Tobin’s q V(Y - S8)
1965-1969 1.96 180
1970-1974 1.49 154
1975-1979 0.97 113
1980-1984 0.94 116
1985-1989 1.33 149
1990-1994 1.70 182
1995-1999 258 253
2000-2004 2.33 241
2005-2008.1 2.04 219

Table 3

Benchmark Calibration

This table lists our benchmark parameter choices. Sect®judtifies these choices and Appendix D provides more
details on the data we used. NIPA stands for National IncamdePaoducts Accounts, CRSP for Center for
Research in Securities Prices, DJCBI for Dow Jones Corp@and Index, QCEW stands for Quarterly Census of
Employment and Wages, and BLS for Bureau of Labor Statislibe abbreviation “exc. reall. rate” stands for
excess reallocation rate in the initial steady state.

Parameter Value Source

v 0.75 Atkeson and Kehoe (2005)
6 0.06 NIPA

a 0.30 K/Y =177

r 0.055 FOF,CRS PDJCBI

Po 0.02

£Pm 0.03

y 16 eg (2.8)

g 0.022 NIPA

mg 0.00

s 19% exc. reall. rate Job Reallocation - QCEW BLS
S 4.3% exit rate Entry and Exit

1) Wage Inequality - QCEW BLS
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Table 4

Main results-benchmark calibration
The panel on the left reports the cross-sectional standaidtibn (Std), interquartile range (IQR), and the inteitde

range (IDR) for log compensation l@gnd log productivity (£ v) log A in percentage points. The panel on the

right reports the excess job reallocation rate (EREALLS, ¢ntryexit rate (EXIT), Tobin’sg, the ratio of aggregate
firm value to outputV/(Y — S@)), and the ratio of managerial wealth to outpht/(Y — S?)). The economy

transitions from high vintage-specific grongho before 1971 to low vintage-specific gronghr after 1971. The
transition takes place ovar = 20 years. The results are for the benchmark parameters.

Log compensation Log productivity Aggregates

Sstd  IQR IDR Std IQR IDR EREALL EXIT Tobin's q ﬁ (YE"—S)
before 094 001 008 1069 1827 2916 1896 433 140 083 827
1971-1975 148 001 009 1080 1832 2899 1783 774 140 083 804
1976-1980 1.24 001 008 1100 1825 2913 1662 665 143 089 788
1981-1985 175 001 010 1109 1842 2938 1530 562 146 093 772
1986-1990 2.31 002 011 1126 1832 2980 1352 408 150 100 751
1991-1995 4.34 003 013 1167 1843 3076 1287 356 154 107 737
1996-2000 6.41 009 1177 1179 1805 3084 1270 353 156 112 729
2001-2005 8.22 013 973 1222 1836 3178 1226 305 159 118 722
2006-2010 1103 863 894 1258 1853 3258 1202 294 162 123 717
2011-2015 1278 882 2147 1257 1850 3252 1190 284 162 122 711
after 2698 009 3507 1536 2114 3898 1135 120 164 126 647

Table 5

Compensation sensitivity in large firms-benchmark catibra
This table reports the sensitivity of compensation to stze cross-sectional standard deviation (Std), interdeart
range (IQR), and the interdecile range (IDR) for log compging logc for the 500 and 50 largest establishments.
The economy transitions from high vintage-specific groggh before 1971 to low vintage-specific grondht
after 1971. The transition takes place oVer 20 years. The table reports the ratio of market value of the

establishment to the aggregate capital stock, feemint percentiles of the cross-sectional market valueildision.

The results are for the benchmark parameters.

Top 500 Top 50

Ac/AA Std IQR IDR Ac/AA Std IQR IDR
1971-1975 -1.68 376 Q020 351 335 899 Q39 086
1976-1980 0.14 355 027 053 108 1083 a57 479
1981-1985 0.48 486 041 061 659 1371 195 2705
1986-1990 1.03 698 Q043 Q65 1587 1680 1283 3625
1991-1995 1.76 1036 049 377 1886 2219 2802 5299
1996-2000 372 1390 Q49 2514 3758 2388 2830 5481
2001-2005 6.08 1922 241 3925 5367 2507 3183 5492
2006-2010 5.86 2412 1118 5204 4989 2803 3285 6217
2011-2015 8.72 2904 2097 6664 4663 3111 3741 8663
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Table 6

Robustness: Compensation and productivity
The panel on the left shows results f#be 0 (no portability). The panel on the right shows resultsger 0.75 (high

portability). The economy transitions from high vintageesific growthgg o before 1971 to low vintage-specific
growthg, T after 1971. The transition takes place oVer 20 years. The table reports the cross-sectional standard
deviation (Std), interquartile range (IQR), and the inémité range (IDR) for log compensation [6gnd log
productivity (1- v) log Ain percentage points. The results are for the benchmarkrzdeas.

No portability

High portability

Log compensation

Log productivity

Log compensation

Log praluctivity

Std  IQR IDR Std IQR DR Std IQR  IDR Std IQR DR
before 000 000 Q00 1077 1852 2945 961 046 524 1373 2333 3851
1971-1975 0.02 000 000 1006 1746 2641 1479 051 1954 1363 2357 3750
1976-1980 0.00 Q00 Q00 949 1585 2467 1274 847 1650 1387 2361 3762
1981-1985 0.00 000 000 933 1512 2446 1352 1074 1446 1417 2358 3809
1986-1990 1.12 Q00 Q00 941 1487 2454 1499 860 1632 1447 2348 3850
1991-1995 2.00 000 486 972 1424 2550 1957 827 1930 1484 2388 3898
1996-2000 3.18 183 650 1008 1438 2634 2321 829 3665 1514 2404 3955
2001-2005 346 457 807 1050 1464 2721 2568 837 4922 1560 2420 4101
2006-2010 4.27 643 870 1099 1517 2834 2912 869 5304 1607 2475 4201
2011-2015 447 768 1141 1131 1554 2874 3132 929 5628 1652 2527 4321
after 0.00 000 Q00 1343 1681 3317 4856 2945 9849 2119 3219 5535
Table 7
Robustness: Aggregate variables
The panel on the left shows results f#be 0 (low portability). The panel on the right shows resultsgot 0.75 (high
portability). The economy transitions from high vintageesific growthgg o before 1971 to low vintage-specific
growthg, T after 1971. The transition takes place oVer 20 years. The table reports the excess job reallocation
rate (EREALL), the entrjexit rate (EXIT), Tobin'sg, the ratio of aggregate firm value to outpMy(Y — S&)), and
the ratio of managerial wealth to outpil((Y — S®)). The results are for the benchmark parameters.
Low portability High portability
1 2 (©)] 4 ®) (1) 2 ©)) 4 ®)
EREALL EXIT Tobin'sq ey o6y EREALL EXIT Tobin'sq mey oy
Before 1893 432 136 Q074 602 1767 340 137 Q76 499
1971-1975 2178 1168 138 082 761 1803 714 135 Q72 448
1976-1980 1849 907 143 089 759 1494 470 138 Q76 454
1981-1985 16.26 7.06 149 101 751 1437 433 140 Q080 461
1986-1990 1459 567 158 116 742 1215 246 144 086 458
1991-1995 1320 429 166 132 724 1227 252 145 088 459
1996-2000 1264 385 172 143 712 1186 240 146 091 454
2001-2005 1192 303 177 152 697 1132 174 147 092 449
2006-2010 12.05 322 181 160 692 1163 221 147 092 450
2011-2015 1187 298 184 166 684 1075 136 148 093 446
After 1150 148 211 219 877 1124 084 145 089 409
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Table 8

Cross-sectional results: Tobirgsand establishment-level wage dispersion

* significant at 10%; ** significant at 5%; *** significant at 194 his table reports fixedffects estimates of Tobintl
and Tobin’s g2 on wage dispersion (WDISP) for the period 1992-2005. Wasgpeedsion is measured as the
cross-sectional standard deviation of log wages acroablestments within an industry. The regressions include
year and industry fixedffects. The definition of these variables is detailed in AppeA®2. Robust standard errors
are shown in parentheses.

1) 2 (3) (4)
Constant -0.401 -0.341 0.232 0.264
(0.296) (0.293) (0.187)*** (0.185)***
INTAN 0.117 0.086
(0.167) (0.105)
WDISP 1.113 1.131 0.789 0.801
(0.196)*** (0.194)*** (0.123)*** (0.122)***
WDISP*INTAN -0.275 -0.174
(0.129)** (0.064)*
A Tobin g/ A WDISP 0.981 0.706
(0.199)*** (0.125)***
Number of Industries 47
Observations 2632
Table 9

Cross-sectional results: Tobirgsand executive wage dispersion
* significant at 10%; ** significant at 5%; *** significant at 194 his table reports fixedfkects estimates of Tobingl
and Tobin’sq2 on wage dispersion (WDISP) for the periods 1992—2005. Wéedsion is measured as the
cross-sectional standard deviation of log wages acrossidodl executives within an industry. Wages are the sum
of the manager’s salary, bonus, restricted stock grant$} p&ilyouts, all other annual payments, and value of
options granted (“tdc1”). The regressions include yearinddstry fixed &ects. Further detail on the data is in
Appendix A.2 and A.5. Robust standard errors are shown iarpheses.

1) (2 (3) 4)
Constant 0.627 0.750 1.039 1.117
(0.163)*** (0.175)*** (0.101)** (0.104)***
INTAN -0.453 -0.276
(0.103)*** (0.066)***
WDISP 0.765 0.756 0.469 0.459
(0.174)** (0.184)*** (0.108)*** (0.112)***
WDISP*INTAN 0.122 0.077
(0.061)** (0.045)*
A Tobin g/ A WDISP 0.823 0.502
(0.172)*** (0.105)***
Number of Industries 46
Observations 644
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Fig. 1. Optimal Compensation and Size. This figure plots tinaing maximum of productivity on the horizontal axis,
Amaxt against current productivitydr, on the vertical axis. It considers the case in which marsaged owners
share the same rate of time preferepge= po.
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Fig. 2. Optimal Compensation Contract. The left panel plogscurrent productivityd; (y-axis) against the running
maximumAmaxt (X-axis). The right panel figure plots the evolution of theim@l current consumption of the
managec (dashed line) alongside the evolution of the establishimenganizational capita?\\(full line). The latter
is a measure of size and productivity of the establishmemé. tWo time-series are produced by simulating model
for 300 periods (horizontal axis) under the benchmark catlibn described belows(= .5), except that the time
discount rates of owners and managers are held eggial;om.
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Fig. 3. Payouts to Manager and Owner. The left panel plotgvbeition of the optimal current consumption of the
manager (dashed line, measured against the right axis) alongseewblution of the establishment’s
organizational capitaK(fuII line, measured against the left axis). The right pgsiets the payouts to the owner
The two time-series are produced by simulating the mode3®rperiods (horizontal axis) under the benchmark
calibration described below, except that the time discoates of owners and managers are held equak pm.
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Fig. 4. Payouts to Manager and Owner: Discount Rate Wedgelefthpanel plots the evolution of the optimal current
consumption of the manage(dashed line, measured against the right axis) alongsedeublution of the
establishment’s organizational capital lagfull line, measured against the left axis). The right pasiets the

payouts to the ownét. The two time-series are produced by simulating the mode3®0 periods (horizontal axis)
under the benchmark calibration described below, exceptliie time discount rates of owners and managers are
held equalpo < pm.
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Fig. 5. Excess Reallocation Rate. The dark shaded bars $teoextess reallocation rate for the manufacturing sector,
constructed by Faberman (2006). The excess job reallocrdte is a direct measure of the cross-sectional

dispersion of establishment growth rates. It is defined astim of the job creation rate plus the job destruction

rate less the net employment growth rate. The Faberman daex@nded to 2007.111 using BLS data. The light
shaded bars show the excess reallocation rate for thegegeator (BLS).
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Fig. 6. From Low-Powered to High-Powered Incentives. Pfdbg compensation against log size of establishment.
The left panel shows the initial steady-state growth paitjh(kintage-specific growth). The right panel shows the
new steady-state growth path (high general productiviopwin). The data are generated from the model under its
benchmark calibration.
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Fig. 7. Compensation and size Distribution on the new stestale growth path. Histogram of log compensation and
log size of establishments. The data are generated by gingitae model’'s new steady-state growth path(high
general productivity growth) under its benchmark caliiorat
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Fig. 8. Size distribution in the new steady state. The figlo&sgihe relationship between the log size of establishenent
on the horizontal axis and the rank in the distribution Raik— 0.5) on the vertical axis. The figure is for the new
steady-state growth path under our benchmark calibration.
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Fig. 9. Cross-section. Scatter plot of steady-state grpath Tobin’sq against the standard deviation of log
compensation for 13 industries wit varying from low (0.00%) on the right side to high (6.82%) be teft side.
The results are for the benchmark parameters.
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A. Data Appendix

A.1l. Using Flow of Funds data

The computation of firm value returns is based on Hall (200hg data to construct our measure of re-
turns on firm value were obtained from the Federal Flow of Buhénceforth FOF. We use the (seasonally-
unadjusted) flow tables for the non-farm, non-financial ocae sector, in file UTABS 102D. We calculate
the market value of the corporate sedt@ras the market value of equity (item 1031640030) plus net finan
cial liabilities. Net financial liabilities are defined asdimcial liabilities (item 144190005) minus financial
assets (item 144090005). Because outstanding bonds (afpfimancial liabilities) are valued at book
value, we transform them into a market value using the Dovedd@orporate Bond Index (DJCBI). We
construct the levels from the flows by adding them up, excapthie Market Value of Equity. This series is
downloaded directly from the Balance series BTABS 102[2n(itLl03164003). Net (aggregate corporate)
pay-outs is measured as dividends (item 10612005) plustbeest paid on debt (from the NIPA Table 1.14
on the Gross Product of Non-financial, Corporate Businéss,a5) less the net issuance of equity (item
103164003) less the increase in net financial liabilitie=n(i10419005). The same NIPA Table 1.14 is used
to obtain gross value-added (line 1Y),— S2. Finally, capital expenditures (item 105050005) are otadi
from the Flow of Funds.

Tobin’s g for the non-financial sector is constructed as the ratio efritarket value of the corporate
sectorV? and the replacement cost of physical capitd).(We construct the replacement cost of physical
capital using the perpetual inventory method with FOF itmesit data (item 105013003) and inventory
data (item 10502005). To deflate the series, we use the iitgidiftator for fixed non-residential investment
from NIPA, Table 7.1. The depreciation rate is set to 2.6%cperter.

A.2. Using Compustat data

We use annual and quarterly data from Compustat. If an item ffompustat is not available quarterly,
we use its annual figure for each quarter, dividing by fout i$ ia flow variable. For each industry, thet
payout ratio is defined as the ratio of payouts to security holders oveogigyto workers plus security
holders.
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Payouts. Payouts to security holders are computed as the sum of ghexpense (item 22), dividends from
preferred stock (item 24), dividends from common stockifi2f), and equity repurchases, computed as the
difference between the purchase (annual item 115) and the salea(dtem 108) of common and preferred
stock. If there is no information available on the purchase sale of stock, we assume that it is zero.

Payouts to workers are computed as the product of number pibgees (Compustat, annual item 29)
and wages per employee (see Appendix A.3 below). We onludtecthose firms for which the payouts to
security holders is less than the firm assets (annual item 6).

The intangibles ratio is defined as the ratio of intangibm(al item 33) to net property, plant, and
equipment (PPE, annual item 8). We filter out those firms whiosengibles ratio is greater than 1000.
The intangibles ratio for each industry is then computedeagdtal intangibles over the total PPE for each
industry.

Tobin’sqg. The variableg; is computed first for all firms having the following items dehie from Com-

pustat:DATA1(Cash and Short-Term InvestmentSATA2 (Receivables - TotalDATAG (Assets - Total),

DATA9(Long-Term Debt - Total) DATA34(Debt in Current Liabilities)DATA56 (Preferred Stock - Re-
demption Value) DATA68(Current Assets - Other), and the following items availdbden the Center for
Research on Securities Prices (CRIPRC (Closing Price of BigAsk average) SHROUT (Number of

shares outstanding). For each firm, Tobipis defined as follows

totalvaluefirm

L ~ DATAG - fin_assets

where:
totalvalue firm= mcap+ totaldebt- fin_assets

totaldebt= DAT A9 + DAT A34+ DAT A56
fin_assets= DAT AL + DAT A2 + DAT A68
mcap= PRCx SHROUT/100Q

We select only those firms for which<€©q; < 100. For the selected firms, we compute indussylobin’s
gas:
>iei totalvaluefirm

thago = 3.; DATAB; — fin_assets
We use a second definition of Tobin’s q. The variatplés defined as :

firm_value
DATA6

Oz =
where
firm_value= mcap+ DAT A6 — DAT A60— DAT A74
mcap= PRCx SHROUT/100Q
and computed for all firms having the necessary items availablCompustat. We select only those firms
for which 0< g, < 100. For the selected firms, we compute indutByaverage) as:

q _ Yie firm_valug
2299~ T5  DATA6,

A.3. Labor reallocation

We use data from the Bureau of Labor Statistics (BLS) Quigrt€ensus of Employment and Wages
(QCEW) program. This program reports monthly employmert quarterly wages data at the SIC code
level from 1975 to 2000, and at the North American IndustrgsSification System (NAICS) code level
from 1990 to 2005. Since there is no one-to-one correspaedeetween SIC and NAICS codes, we form
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industries at the 2-digit SIC code level that match indestet the three-digit NAICS code level. We finally
end up with 55 dferent industries, that match to only 4#fdrent Compustat industries. We exclude the
financial sector from our calculations. The employment ftata the QCEW program are spliced in 1992.
We first compute the change in employment from month to mottieaSIC and NAICS code level. If itis
positive, it is recorded as Job Creation, otherwise it gpoeds to Job Destruction. We then aggregate Job
Creation, Job Destruction, and Employment by quarter, asgasonalize each of these series separately
using the X12-arima adjusted figures from the Census Burdelo.Reallocation is then computed as the
sum of Job Creation and Job Destruction, divided by EmplaymExcess Job Reallocation is computed
as the sum of Job Creation and Job Destruction minus thewtbstihange in Employment, divided by
Employment.

A.4. Managerial Wage Data from Current Population Survey

We use the Integrated Public Use Microdata Series-CurreptilBtion Survey data on respondents’
annual wage earnings from 1971-2006. Managerial occupsatite defined as follows: for 1971-82, (pre-
vious year) occupation codes 220-246 except 221 and 2269881991, codes 003-019; for 1992-2002,
codes 003-022; and codes 001-043 after 2002. We restrisathple to managers who were over 21 years
old, were employed in the private sector, and who were foletworkers in the previous year (i.e., they
averaged at least 35 hours per week). We drop observatidhsmnual earnings less than $2,000 in 1983$.
Finally, because wages are subject to top-coding, we follator et al. (2008) and multiply top-codes by
1.5 (this adjustment onlyfiects the reported standard deviations, not the IQR or IDRg. fihal sample
size is about 3,000 managers in the 1970s and grows to aro00@d anagers in the 2000s.

A.5. Managerial wage data from Execucomp

We use the Compustat Executive Compensation (Execucortg)vdaich contain annual compensation
for top executives of over 2,500 companies from 1992 to 2@D8pmpute the dispersion in managerial pay
within industries. Compensation is measured using Exeaptotdcl and tdc2 variables. Both are the sum
of the manager’s salary, bonus, restricted stock grantsg O@rm Incentive Plan payouts, all other annual
payments, and value of options. Thefeience between the two compensation measures is in what they
use for the last term in the sum. Tdcl uses the value of opioargts, while tdc2 uses the value of options
exercised. We compute the standard deviation of the logseskttwo compensation measures within each
industry-year in our data. This is then matched to our datarsendustries’ Tobin'sj and intangible ratios.

We are left with a total of 644 observations (46 industriesrd4 years).

B. Steady-state growth path

Proof of Proposition 2. The first-order condition implies that compensatmis constant as long as the
participation constraint does not bind. When a new matclorisiéd, the normalized promised utility
starts of atVp = w(@). The dynamics of the optimal wage contract can be chaiaeteby setting up the
Lagrangian. Let: denote the multiplier on the promised utility constraind éet A(A’) denote the multiplier
on the participation constraint in stafé. We assumé/(:) is strictly concave and twice continuously
differentiable. Note that the nonfiirentiability introduced by the max operatoMit) is integrated out by
averaging over the idiosyncratic shocks to constiii¢see eq. 2.14). When the participation constraint
does not bind {(A’) = 0), conditional on continuation of the relationship= 1), the law of motion for the
promised utility in €ficiency unitsv satisfies the first-order condition:

—V(N V)
YA

The left-hand side is the cost to the owner of increasing theager’s compensation today. It equyalshe
shadow price of a dollar today, from the envelope conditfnom the first-order condition for consumption
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we know thaty = 1/uc(C). The right-hand side is the cost of increasing the managermpensation
tomorrow, from the first-order condition fat. From the envelope condition, this equals= 1/u.(¢). So,
the first-order condition implies that consumpti@must be constant over time, as long as the manager’s
participation constraint does not bind. As a result, actnahagerial compensatiangrows at the rate of
output growthg on the steady-state growth path. When the participatiostcaimt does bind, the following
inequality obtains:
—OV(A, V)
U< ——=.
o
The utility cost of increasing the manager’s compensaitioiii¢ owner increases. From the concavity
of u(-), it follows that the manager’s promised utility and cutreompensation (inféciency units) increase
when the participation constraint binds. When the constrddes bind, we increaseto make sure the
constraint holds with equality. This is optimal (see KuhueRer conditions).
This suggests a simple consumption rule is optimal. We otunje the optimal consumption function
C (V, ﬂ) such that:

C(WA) = (1/p).

wherey = %. Define the running maximum & asAnax = maxA,,t < t}. In addition, letT denote
the random stopping time when the match gets terminatedibeaz zero surplus:

T =inf{r>0:V(A,V) =0}
Compensation is determined by the running maximum of priddtycfor all 0 <t < T:

G = C(Kfmaxt) = maX{COa Cc (M(Kfmaxt)a Kfmaxt)} .

This consumption function satisfies the necessary afiitigint Kuhn-Tucker conditions if the continuation
probability$ is non-increasing il This being the case, the participation constraint onlgibifA exceeds
its previous maximum. It is easy to verify thatis indeed non-increasing iA given this consumption
function.

Proof of Proposition 3. The discount rate wedge induces a downward drift in the marsagonsumption
and promised utility. When the participation constraintsloot bind, the envelope condition and the first-
order condition fo imply the following:

~V(AY) o) V(AT
= /J = e(/)m Po. — )

N v

Because’™*° > 1, the owner’s utility cost of providing compensation tomoov is lower tharu, the cost

today. As a result, the optimal promised utility is decregsiver time. Becauge= u;(C), this also implies

that current consumption drifts down. By constructions ttonsumption policy satisfies the necessary and

suficient first-order conditions for optimality.

C. Transition experiment

Definition 4. A constant-discount rate transition between two steadiesgrowth paths is defined as a
path for which the productivity of the newest vintage grotusite g4, the economy-wide productivity-level
grows at a rate g, and all aggregate variablegy;, K, w;, Ci}i-o1 have a constant trend growth rate

9= ((1+g)(L+g)) ™.

The rental rate on capital fand the discount rate mre constant. The measure over promised utilities and
establishment productivity satisfies (2.10) and (2.11)rduthe transition. At & T, this economy reaches
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its new steady-state growth path. So for i:
+i,8' +i-1,s 1 ) 5 .

A
Arsis(AV) = /1T+i-1,s(rgg, V)- (C.2)

Output deviates from its trend growth path during the ttémsibecause the average establishment
productivity level deviates from its initial steady-staewth path{A,q}. The average productivity level
changes, because the joint measure over establishmanificspeoductivity and promised utility is chang-
ing. Along the transition path, we check that the rental fatghysical capital is constant:

_ K(Yv—l _ K av-1
R =av newt — @V(Koldt s

whereK; = —X—— denotes the capital stock aujustedefficiency units The aggregate capital stock is
Al-ov, I-av

adjusted such that

— _ Ay
Khewt [ Anewt ] e
p===|=—| .

- Kold,t Zold.t
Capital is supplied perfectly elastically at a constangtiest rate. Along the transition path, all aggregate
variables{ Ynewt, Knewt> Whewt> Cnewt t=0.7 @re scaled up by,. This is the productivity adjustment relative to

the old steady-state growth path. Once we have compytgdwe can back out the transition path for all
the other variables.

Reverse shooting algorithmThe objective is to compute the transition for the value fiom; aggregate
productivity, the outside option function, and the jointasare over promised consumption and productivity
Vi, A, w, Pis, s}, We start in the new steady state with the new vintage-spegifiwth rateg, r atT, and

the “stationary” joint measur®+ s over organizational capital and promised consumption¢clvhatisfy the
conditions in eq. (C.2). We conjecturg@}l, sequence. Because we knd, the owner’s value of an
establishment at the beginning of periochn be constructed recursively, starting i 1:

Vr_i(AV; 9) = max

Vroivs — W = Rkr 41 — Crint ]
() ’

+RY1+9) [ V(A V; s+ 1) Qu(e)de’

subject to the law of motion for capital in (2.13), the proedsonsumption constraint in (2.15), and a series
of participation constraints:
V > wr_isa(A),

and, finally, the value of the firm is defined as:
Vr_i(AV) = maX[vai(K,\‘/), 0] .
We solve for(V,, A, wi, Vs, /lt,s}thl starting in the last period.

Simulating forward. Next, we simulate this economy forward, starting at theahialues fov(Vo, Ao, wo, Yo, /lo,s)

in the old steady-state growth path, using our solutionHerttansition patkiV;, A;, w:, Yis, /ll,s}thl. We use
a sample oN = 5,000 establishments. This gives us a hew guess for the aggrestablishment produc-
tivity series and hence fd;}[,. We continue iterating until we achieve convergence.
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D. Calibration details

To calibrate the depreciation rate, the tax rate, and théateghareav, we used mostly NIPA data.
Let CFC denote the consumption of fixed capital. gk, denote the stock of inventories, obtained from
NIPA Table 5.7.5B. (Private Inventories and Domestic FiBales by Industry). LeKgs denote fixed
assets, obtained from NIPA Table 6.1. (Current-Cost NetlSod Private Fixed Assets by Industry Group
and Legal Form of Organization). The depreciation rate lmmated as

0= CFC/(KES + KINV)-

The average tax rate is computed as follows. L& T denote corporate taxes, PP denote net product,
let S Tdenote sales taxes, and &L PT Rdenote state and local taxes. The tax rate is computed as

7¢=CT/(NP-CE-ST),

where we comput& TasCT — RATIOx S LPTRandRAT IOis the average ratio of fixed assets held by
non-farm, non-financial corporations to total fixed assets.

To compute the average cost of capitalwe computed the weighted-average of the average return
on equity and the average return on corporate bonds overetfiedpl950—2005. The average return on
corporate bonds was computed using the DJCBI. The averag @ equity is computed from the log
price/dividend ratio and a constant real growth rate for divideofi§.8%, the average growth rate over
the sample. The dividend series and the pdivédend ratio from CRSP are adjusted for repurchases. The
weights in the average are based on the aggregate marketofaquity and corporate bonds. The resulting
average cost of capital is 5.5%.
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