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Abstract

This paper constructs a dynamic assignment model to explain observed
persistent differences in productivity, wages, skill mix and profits across firms.
Large organization capital attracts skilled workers, who can create better orga-
nization in future. This positive feedback brings about persistent differences in
these variables. When organization capital is unobservable, assignment occurs
between skill and a firm’s reputation. It is shown that a firm’s reputation
and its real capability interactively influence persistence. Our theory predicts
that the heterogeneity of skill and the noisiness of information increase persis-
tence. We structurally estimate the parameters and calibrate the model. Our
calibration results show that if there were no assignment problem, the relative

advantages of a firm would disappear in 4-6 years.
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1 Introduction

Why are some firms persistently more productive than others? Evidence repeatedly
reveals that there are substantial and persistent differences in productivity across
plants and firms [e.g. Baily, Hulten and Campbell (1992) and Haltiwanger, Lane,
and Spletzer (2000)]. Apparently productivity is not the only variable that exhibits
persistence. Evidence shows that skill compositions and the wage payment are also
persistently different across firms [e.g. Haltiwanger, Lane, and Spletzer (2000)] and
that differences in firms’ profits are persistent, too [e.g. Megna and Mueller (1991)].

The coexistence of persistent differences in these variables is not coincidence. It
is found that productive firms employ highly skilled workers and pay high wages.
le.g. Haltiwanger, Lane, and Spletzer (1999) | and that skill and the market value of
a firm are positively correlated [Abowd el. (2004)]. These findings suggest that an
interaction among productivity, human capital and profits is a key to understand the
persistence of productivity.

Another well-known puzzling aspect of productivity difference exists. Table 1
depicts time series analysis of relative productivity ( = labor productivity relative
to industry and year average). It shows that after controlling the first lag of rela-
tive productivity, the higher order lags still influence current productivity difference.
Hence, a desirable theory for productivity difference must explain not only why it
persists across firms, but also why the first order lag fails to summarize an influence
from its past.

This paper aims to constructs a model that can provide a unified explanation
for these findings. It constructs a recursive positive assortative assignment model

between skill of workers and firm specific resources, which we call a firm’s organization



The dependent variable is Iny;

constant Iny ; |Iny; 5 | Inyj_4 Iny; ,

.004* BT28 219 | 049 .050***

(.002) (.009) | (.010) | (.010) (.009)

# of observations | 15000 Adjusted-R? | 0.696
Table 1: AR 4

The variable, Iny;, is labor productivity relative to industry and year average. The
variables are constructed from an industry annual dataset in COMPUSTAT. The
regression uses a manufacturing sector from 1975 to 2004. Data construction is
explained in Appendix. The standard errors are reported in parentheses. * means

significant at 10 percent level. *** means significant at 1 percent level.

capital', and shows how the assignment model explains the previous evidence.

A basic logic is explained as follows. The firm is characterized by its organi-
zation capital. Workers are characterized by their own skill. As skill is assumed
to be complementary to organization capital, skilled workers are assigned to large
organization capital. On the other hand, skill is needed for the accumulation of
organization capital. Hence, the economy exhibits a positive feedback mechanism:
more organization capital attracts more skilled workers, which in turn generate more
organization capital. We investigate how much this positive feedback mechanism
raises the persistence of a firm’s organization capital. As productivity, wages, skill
composition and profits of a firm are shown to be a strictly increasing function of the
organization capital, the model can explain not only the persistence of these variables,
but also positive correlations among productivity, skill, wages and profits.

Although this simple logic can explain why productivity persistently differs across

I More specifically, we define organization capital by all types of intangible assets embodied in an
organization. It might consist of organizational structure, daily practice, routine, information held
by an organization, corporate culture, reputation and so on. A firm cannot buy these assets from

a market and it can jointly produce them with output.



firms, it cannot explain why higher order lags matter. In order to explain this ev-
idence, we need to extend the model to that with unobserved organization capital.
When organization capital is not observable, assignment occurs between the qual-
ity of workers and a belief on organization capital, which is interpreted as a firm’s
reputation. If a firm has a good reputation, it attracts better workers who can con-
struct a better organization in future. As a current reputation, which can influence
organization capital at the next period, is constructed from past observations, the
higher order lags can influence future organization capital by changing the current
reputation.

The theory predicts that a rise in the heterogeneity of skill increases the persistence
of organization capital. When the variance of skill is large, the top organization can
receive the most advantages because it is the firm that can attract the best workers.
Hence, the larger the variance of skill is, the longer the top organization enjoys the
relative advantages. It is shown that when there are no idiosyncratic shocks, every
firm stays the same position forever and the relative advantages (disadvantages) of a
firm never disappear.

The extension to unobserved organization capital provides the model with further
theoretical and empirical advantages. Theoretically, this extension allows us to
analyze a dynamic interaction between a firm’s real capacity and reputation. On
the one hand, as assignment occurs between a firm’s reputation and skill, a good
reputation attracts better workers and establishes better organization in future. On
the other hand, if a firm has a productive organization, its current performance is
likely to be good, which generates a good reputation in future. Hence, we can analyze
how this dynamic positive feedback between real capacity and reputation influences
the persistence of productivity, skill mix, wage payments and profits.

In particular, we examine how the speed of learning organization capital influences
persistence.  When output is a noisy signal to predict the level of organization

capital, managers cannot rely on the information very much and, therefore, put more



weight on their prior beliefs. Hence, as their beliefs do not change much, they are
more persistent. It is shown that the persistence of organization capital positively
depends not only on the ratio of the standard deviation of skill to that of idiosyncratic
shocks, but also on the noisiness of information. In particular, when the output
has no predictive power on organization capital, their beliefs never change. As
real organization capital exhibits the reversion to a constant belief, the belief serves
as a firm specific fixed effect in a regression. In other word, this paper puts an
interpretation on a fixed effect that appears in data.

The extension to unobserved organization capital has another advantage. It al-
lows us to distinguish the effect of assignment on persistence from others. As the
assignment is based on reputation, which can be generated from higher than the first
order lags, the influence of higher than the first order lags provide us information
about the effect of assignment on persistence. Exploiting this intuition, we struc-
turally estimate the parameters of the model and separately identify the parameters
of technological persistence, the assignment effect on the persistence and the accu-
racy of information to predict organization capital. We investigate a manufacturing
sector from 1975 to 2004 using an industry annual dataset in COMPUSTAT. Our
regression analysis reveals that the observed labor productivity is quite informative
to infer fundamental capacity of firms. It also shows that the initial prior on the
labor productivity has long run impacts on current productivity, though the effect
declines over time.

The estimated parameters are all significant and coincide with theoretical predic-
tion. Hence, data fairly supports the prediction of the model. Using the estimated
parameters, we calibrate the correlation between current relative productivity ( =
a firm’s labor productivity relative to industry and year average ) and the lagged
relative productivity. The calibrated correlation fits data quite well. Using our
model, we conduct a counter factual experiment. It shows that if there were no skill

difference across workers, and, therefore, if there were no assignment problem, the



relative advantages ( disadvantages ) of a firm would almost disappear in 4-6 years.
The effect of the assignment on the persistence of productivity differences is huge.

It has been long recognized that an individual firm possesses its particular re-
sources [e.g., Kaldor (1934), Robinson (1934) and Lucas (1978)]. As a source of
specific resources, many economists consider that a firm accumulates a firm specific
knowledge through experience [e.g., Penrose (1959) and Rosen (1972)]. Prescott and
Visscher (1980) calls the accumulated specific knowledge a firm’s organization capi-
tal. Recently, interests in organization capital reemerge probably due to the coming
of information ages. Jovanovic and Rousseau (2001), Atkeson and Kehoe (2005) and
Samaniego (2006) quantify the impacts of organization capital on macro economy
and Faria (2004) explains observed merger wages by an assignment model between
organization capital and skill. However, no paper addresses a question: why some
firms succeeded to accumulate its organization capital, while others not. Without
answering this question, we cannot fully explain reasons for persistent differences in
productivity. This is the main theme of this paper.

Positive assortative assignment models also have a long history. Becker (1973)
originally derives a condition for a positive assortative matching in a marital market
and Sattinger (1979) analyzes a positive assortative assignment equilibrium between
physical capital and skill. More recently, many economists rediscover the importance
of the assignment models [e.g. Kremer (1993), Costell and Loury (2004) and Shimer
(2005)]. However, all papers assume the exogenous distributions of two assigned vari-
ables. By endogenizing the distribution of organization capital, this paper analyzes
an interaction between assignment and the dynamics of distribution.

A key assumption behind the positive assortative matching is the complementar-
ity between organization capital and skill. Evidence for supporting this assumption
also exists. Chandler (1977) reports historical evidence that the development of
administrative hierarchy is essential to monitor and coordinate resources in the mod-

ern business firms. Chandler (1977) demonstrates that this organizational structure



demands skilled workers to process information. Recent evidence by Bresnahan,
Brynjolfsson and Hitt (2002) shows that reorganization accommodated with IT in-
vestment demands more skilled workers. For example, the use of flexible machinery
often requires that workers have greater discretion, which in turn requires data analy-
sis skills and general problem-solving ability.

A process of learning the level of organization capital is another important feature
of our model. Similar to Jovanovic (1982), a firm gradually learns its own productive
capacity. However, different from Jovanovic (1982), their productive capacity itself
is changing as a result of active investment and uncertainty arising from investment.
This feature of the dynamics of productive capacity is similar to Ericson and Pakes
(1995), though they do not have any learning process on it. Hence, our model can
be seen as a hybrid of passive learning by Jovanovic (1982) and active investment in
research by Ericson and Pakes (1995).

Finally, several models generate an equilibrium distribution of wages [e.g. Burdett
and Mortensen (1998)] and that of productivity [e.g. Jovanovic (1998), and Eeck-
hout and Jovanovic (2002)]. These papers show how ex ante homogeneous agents
can generate ex post heterogeneity. Different from theirs, this paper assumes the
ex ante heterogeneity of skill and generates the distribution of organization capital,
productivity, wage and profits. An advantage of our approach is that our station-
ary distribution is globally stable. Hence, our distribution is robust against any
disturbances.

The paper is organized as follows. The next section sets up a recursive positive
assortative assignment model when the organization capital is perfectly observable.
It clarifies a mechanism why skill differences enhance the persistence in this model.
Section 3 extends the model to imperfect observation. Organization capital is not
observed but must be inferred from observed output. We show that the model can
generate rich dynamics that is consistent with evidence. Section 4 discusses how to

identify the parameters from data and Section 5 reports our empirical studies. It



shows that the data supports the model well. We also calibrate our model to examine

the importance of the assignment on the persistence. Finally, section 6 concludes.

2 A Dynamic Assignment Model when Organiza-
tion Capital is Observable

This section constructs a recursive positive assortative assignment equilibrium when
organization capital is observable. This section provides a clear intuition for why
the assignment brings about the persistence of variables. Suppose that firms at date
t are characterized by its organization capital, k7, and workers are characterized by
their quality of skill, ¢;.

A firm employs one unit of workers and produces ;. A firm’s production function

is a function of its organization capital and the quality of skill:
Yt = A(’ﬁ?)aqg), o > Oﬂﬂ >0

where A, «a, ¢ are constant parameters. A skilled worker is needed not only for the
production of outputs, but also for the production of organization capital at the next
period:

k= B(k) qle™,0< ¢ <1, v>0

where B, ¢, v are constant parameters and ¢, are a random variable, which is normally
distributed with a mean —%g and a standard deviation .. The parameter ¢ measures
technological persistence of organization capital. A part of organization capital might
be depreciated. We assume that ¢ fraction of organization capital can be carried
over to the next period. Note that we allow ¢ = 0. It means that we allow
no technological persistence. It is shown later that the persistence of organization
capital can endogenously appear without any technological persistence.

Each firm faces competitive wages for each quality, w (In q;; iy, okt ), Where pu, is a

mean of In kY and oy, is a standard deviation of In k7. The wage function implies that
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the wage is a function of not only the quality of skill, but also the aggregate variables,
t; and oy, Assume that each firm expects that economy wide state variables i,
and oy change by py, 1 = f (s 0ke) and g1 = g (Mg, 0ke). Then a firm’s profit

maximization problem is written as

exp|ln A+ alnkf +¢Ing| —w (Ing; py, o
V(lnkto;ﬂkmakt) = max p[ P+ Qt] ( qt; My kt) (1)

Ing: +4 f V (ln kff?+1§ Hitt1s 0kt+1) dl’. (5t)
st.Inki, = InB+¢lnkl+~vIng +¢

Mrtr1 = f (Mktaakt) yOkt+1 = G (Mkt>0kt)

where 3 € (0,1) is a discounting factor. We express a production function, a transi-
tion equation, a wage function and a value function as functions of In & and In ¢; to
simplify our algebra.

Suppose that In k7 is normally distributed with a mean f;, and a standard devi-
ation oy at date t and In ¢; is normally distributed with a mean Hq and a standard
deviation o, at any date. For the sake of simplicity, I assume that firms and workers
have reservation values of 0 and that the population of firms has the same size as the
population of workers. Hence nobody chooses the outside option and every agent
can find a partner. Given these assumptions, we can ignore the decisions workers
and firms take when entering the market. Hence, these assumptions make it possible
to focus the assignment problem.

I want to focus a positive assortative equilibrium. It means that a top x percent
of In k¢ is assigned to a top x percent of In g; for any x. Let x (Ink?; uuy, 0x:) denote a
policy function derived from equation (1) and ® (-) denote a standard normal distri-
bution. As hlkg% and hlq;—;“q are distributed with a standard normal distribution,

a positive assortative equilibrium implies

o ko- 2y _
1—® <lnkt ,Lth> —1_-9 (X( t?:uk:bo-kt) :uq) : Vlnk‘f (2)

Okt Oq

It means that the policy function must satisfy

X (I ks gy, 0y) = =% [In kY — ] + 1y, VInkf

9q
Okt



As you can see, the high quality of skill is assigned to large organization capital.
Hence, when the dynamics of a firm’s organization capital show persistence, the skill
level of a worker the firm employs persists too. Given this policy function, the
dynamics of organization capital can be written as
o
Inky , =InB+¢lnky +~ O—q(lnk‘f—,ukt)nLuq + &t (3)
kt
Hence, In k;,4 is also normally distributed and the normality of distribution can be
maintained at the next period. The dynamics of p, and o7, can be derived from

equation (3):
o2
Preer = 0B+ Qpg +yp, — o

2
Okt+1 = \/(¢Ukt +og7) + 02
Now we can define a recursive positive assortative equilibrium as follows.

Definition 1 A recursive positive assortative equilibrium with observed organization

capital consists of x (INkP; iy ore), V (KT by, 00e) s w (IG5 piggs oke) s f (Rgrs Ot)
and g (., oxe) that satisfy the following conditions.

1. An indiwvidual firm solves its maximization problem (1):

2. A labor market is cleared:

o o o
X (ln KL et Uit) = [ln ky — :UJkt] + Uy
Okt
3. FExpectation is rational:
o2
f(pires o) = B+ Gy +vhg = = (4)
9 (s ore) = (b0 + 0,7 + 07 (5)

In order to show the existence of the equilibrium, we need to find both a value
function and a wage function that are consistent with the definition of the equilib-

rium.
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Theorem 2 A recursive positive assortative equilibrium with observed organization
capital exists and this equilibrium is supported by a strictly increasing value function
and a strictly increasing wage function. (Closed form solution of the value function

and the wage function is available in Appendix).

As you can see, the firm’s profits and the wage payments are positively correlated
with Ink?. Hence, if the dynamics of Inky exhibit persistence, profits and wage
payments also shows the persistence. Hence, the rest of this paper focuses the

dynamics of In &;.

Dynamics: The dynamics of this economy are characterized by three equations.

2
€

g
Prerr = InB+ duy +yp, — 5

Okt+1 — \/<¢0kt + O'q")/)2 —|—Ug

and

o g o *
kY — pgy i = (¢ + ’70_;) (In k7 — ) + €

where €} = &, + %g is normally distributed with a mean 0 and a standard deviation
0.

Third equation means that when In &y is larger than its industry mean, pi,, ¢+7;—;
fraction of this relative advantage is translated into the next period. The parameter,
¢, is assumed persistence and the second term, 7;—; is a result of a positive assortative
matching. When the ratio of standard deviation of skill to that of organization
capital is large, organization capital is more persistent. When the ratio is larger,
large organization capital brings larger advantages because it is the top organization
that attracts most talented workers, who bring more organization capital. Therefore,
relative advantages persist longer.

This intuition can be more strictly analyzed. First, we show that the distribution

of In k7 converges to a stationary distribution.
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Proposition 3 The mean, i, and the standard deviation, ok, of Inky converges to
stationary points, ., and Ok, TESpectively. The two variables, py., and o are

solved as

2
In B+ yp, — %
== 6

B Yoo, + \/(’yaq)2 + (1 —¢*) o2

Moreover, when the distribution converges to the stationary distribution, the dynamics

(7)

of organization capital can be written as a following simple AR(1) process:

o O- (o} *
kS, — e — (¢ i v—q) (kS — o) + <) ®)

O koo

The proposition says that there is globally stable stationary points of ., and oy.
As the stationary distribution is unique and globally stable, a real economy is expected
to locate near the stationary distribution in the long run. Hence, the following

discussions in this section examine the dynamics of equation (8). As information on

]

Okoo

the persistence is summarized by ¢+ we call it a persistence parameter below.

Persistence when 0. = 0: In order to have a clear intuition for persistence, we first

analyze a deterministic model.

Proposition 4 Suppose 0. = 0. Then the stationary distribution still exists

In B +ypu,
Mkoo = 1 )
—¢
_ 94
Okoo = 1_¢7

and organization capital never changes its value.

Inkf,, = Ink?

12



The proposition says that if there is no shock, the ranking of organization capital
never changes. When there is no idiosyncratic shocks, top organization always attract
the best worker, which, in turn, creates the best organization routine at the next
period. Hence, they never change its ranking and keep exactly the same organization
capital in the long run.

Note that ox is not 0. Hence, different firms continue to have different organi-
zation capital, and productivity, different wages, skill mix and profits persist forever.
When o; becomes small, ;—:t becomes large. Therefore, the relative advantages of
being a top organization becomes large and pushes oy large again. In the end, o

never converges to 0.

Persistence when o. > 0: When we introduce idiosyncratic shocks on the ac-
cumulation of organization capital, the reversion to the mean starts taking place.
Idiosyncratic shocks introduce the possibility of changes in ranking. If a firm re-
ceives a really good shock, the firm climbs up the rank, which makes it possible to
attract higher quality of workers. It means that top organization cannot be always
top. There is always a possibility of moving toward the mean of distribution.

In order to understand this mechanism, note that equation (7) implies the persis-

tence parameter can be written as a strictly positive function of %
€

1— 2
bHgE = o+ L) =< (9.1), (9)
- ¢+\/1+(1—¢2) (1L>
d(¢+vy==
% > 0, lim (¢+7;—q>=1,7pm (gb%—’yi):d).
Oe O—SHOO koo 0—5‘1%0 O koo

When o, > 0, %‘1 is finite. Therefore, the persistence parameter is always less than
1. It means that equation (8) is covariance stationary. Hence, the dynamics exhibit

a reversion to the mean and eventually initial advantages die out. In this case, it is
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easy to show that

_ E (lnkg - /“Lk:oo) (lnkgfj - Mkoo) _ (¢+7i>]

pkj = 2
Okoo O koo

That is, the larger the persistence parameter, the larger the autocorrelation. Hence,
if %q is large, the persistence parameter is large and the autocorrelation is large.
Note that the parameter %‘1 can be interpreted as the relative strength of an
assignment effect to a reshuffling effect. If % is large, top organization receives the
relatively large benefits from better assignment compared to the fears of changes in
ranking. Hence, the dynamics exhibits longer persistence. If it is small, the opposite
is true. Note also that when %" goes infinite, the persistence parameter converges
to 1. Hence, the results in the proposition 4 can be reinterpreted: when o. = 0,
organization capital persists forever because the relative strength of an assignment

effect is infinite.

3 A Dynamic Assignment Model when Organiza-
tion Capital is not Observable

In the previous section, it is shown that while large variation of skill makes organiza-
tion capital persistent. Although the previous model brings about a clear intuition
for how assignment influences the persistence of variables, it might be too simple to
meet data. As the dynamics of productivity in the previous section is captured by
AR(1) process, once we control the lagged productivity, the higher order lags should
not influence current productivity.

This section examines the same dynamic assignment model when organization
capital is not observable. It is shown that the higher lagged organization capital can
influence current organization capital after controlling the first lag. Furthermore,
this extension allows us to analyze the impact of reputation on persistence and to

estimate the parameters of the model.
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We assume that kf cannot be directly observed, but can be inferred from the
realization of output. In order to capture this idea, we add idiosyncratic shocks on

the production function:
ye=e“Ak)) g, a>0,9>0

where u, is normally distributed with a mean —% and a variance o2. When the firm

makes an employment decisions, the output is not realized. Hence, it must make a
decision based on its expectation given its belief on the level of organization capital.
We assume In k; is normally distributed with a mean p;, and o3,. Then the firm’s

expected output is

alo?
E [Z/tmkt: Uit] = exp (IHA + oy + 3 M 4 4hln Qt> (10)

We assume that all firm share the same o;. However, p;, differs across firms. We
interpret that p,, represents a firm’s reputation. In this section, we consider an
assignment problem between reputation and skill. After the firm employs a worker,
the output realizes. From the realized output, the firm can recognize e* (k9)* and

infer In k7. That is, a firm knows the following signal s; to predict In &
st =Inky 4 uy

Note that uy = é (ut + %) is normally distributed with a mean 0 and a standard de-

Ou

viation, Z¢. As py = E [ln kP 1|t ,ukt,akt} and oy = \/Var [ln kP 1 |Sts g akt],

e
the dynamics of 1, and o1 can be written as follows:

2
o
P = B4 @[(1—hy) pgy + hese] +vIng, — 76 (11)

Ornt = (& (- he)od + 02 (12)
2
(=)
7 N2
1 (2

As both p,, and s; are normally distributed, E [In k?|s;, fiy, 0k is the weighted sum

where hy =

of the prior belief, p,, and new information s;. The variable h; is a weight on the

15



new information. If %:t is small, the variance of the noise term is relatively larger
than the prior variance of In £f, the new observation does not contain much additional
information. Hence, h; is small and the firm would put smaller weight on the new
information. If % is large, the variance of noise term is relatively small. Hence,
rational agents have large h; and rely more on the new information. In this way, h;
measures reliability of new information?.

The py, is assumed to be normally distributed with a mean pj, and a standard
deviation 0. Similar to the previous problem, the wage function depends not only
on the quality of workers, but also the aggregate state variables, ug,, o, and of,
where 0, is a prevailing standard deviation of In k;. Let x; = (15, 0t o¢,)" denote
the vector of these aggregate state variables. The wage function can be written as

w (Ing; : x;). The firm’s problem can be written as

E o2l —w(Ing : us,,x
V™ (g Ot = X¢) = max (Yl ke O] (In gy : puy, xe) (13)

Ing +0 f v (Mk-t+1, Okt+1 * Xt+1) drl’s (5t|:ukt7 Ukt)
s.t. (10), (11), (12)

Hierr = (%), 0u1 = g (%), 0% = M (%)

Let x (i1, 02, : X;) denote a policy function of the problem (13). Again we consider a
positive assortative assignment model between a firm’s reputation and skill. Similar
to the previous section, x (fy, 0% © f15;, 0,e) Must satisfy

X s 720 30) = 2 e = ] 11 (14)

It shows that the quality of skill is a strictly positive function of a belief on firms’

organization capital. Hence, the dynamics of the belief can be translated into the

2In facts, hy can be also rewritten as follows.

E [Var [Ink?|s:, gy, Okt]]

hy =1—
O—%t

This equation shows that h; would be larger if the average conditional variance becomes smaller
relative to the prior variance. It measures the accuracy of information, which is previously used by

Takii (2003) as the measure of prediction ability.
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dynamics of skill. The dynamics of the belief can be derived from equations (11)

and (14):

2
o g e 9 *
Prey1 = In B+ ¢ [(1 = he) prgy + he I E7] + U—qt (e — He) + Hg| — 76 + Qhyuy.
w
Because iy, In k7 and u; are normally distributed, p,,, is also normally distributed.
Hence, the normality of the distribution is preserved. =~ The mean and standard
deviation of the belief at the next period is easily derived.:.
o
2 )
Opt+1 = \/(gzﬁa“t + ’YUq)2 + ¢2ht0'zt-

M1 = B+ dug, + vy, —

Definition 5 A recursive positive assortative equilibrium with unobserved organiza-

tion capital consists of X (. o1 %1), V (1, 0kt £ X0), w (a5 2 %0), f (x1), 9 (x:) and

m (x;) that satisfy the following conditions.

1. An indiwvidual firm solves its maximization problem (13):

2. A labor market is cleared:

g

X (B> Okt Xe) = — [t — Hiee] + Mg
0-/,Lt
3. Expectation is rational:
o2
fx) = B+ +p, — = (15)
g(x) = /(60,0 +70,) + ¢h (03,)" (16)
m(x) = /6" (1—ho) (08)" + 0% (17)
where )
(aok,)

o2 + (Oéait)2
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The next theorem shows the existence of equilibrium. On the equilibrium, of, =

or- Hence, oi; also denote the aggregate state variable later.

Theorem 6 There exists a recursive positive assortative equilibrium with unobserved
organization capital. On the equilibrium, the value function and the wage function
are strictly increasing functions. (Closed form solution of the value function and the

wage function is available in Appendiz).

Again, the theorem shows that the value function is a strictly increasing function
of u,, and the wage function is a strictly increasing function of Ing;. As In g, is also
an increasing function of p,,, the dynamics of the profits, wage and skill follows the
dynamics of p;,. On the other hand, labor productivity, Iny; is a strictly positive
function of In k; and pu,,. Hence, the dynamics of labor productivity can be derived

from the dynamics of In k; and py,. We focus the dynamics of In k; and p,, below.

Dynamics: Dynamics in this economy can be characterized by the following 5 equa-

tions:
o2
Hirpr = B+ opiy + vy —
O-,LLtJrl = \/<¢0-,ut + 70-11)2 + ¢2ht0it
Okt+1 — \/¢2 (1—ht)0'it+0'g
and
o e o e o e *
InkY ) — e = @ (In kY — pug,) + ’YJ_qt (e — M) + € (18)
w
e o e g e
s = ey = el = 5+ (90— k) 722 ) (g = i) + Shif19)
L
where h; = U;f% and €f = ¢, + %3 is normally distributed with a mean 0 and a
u kt

standard deviation o.. Equation (18) shows the dynamics of Ink;. The first term

18



of equation (18) is influenced by technological persistence. That is, if organization
capital is above average, this relative advantage is carried over to the next period by
¢. On the other hand, the second term is influenced by the assignment effect. If
an organization is believed to be better than average, it attracts skilled workers that
are needed for accumulating more organization capital.

Equation (19) shows the dynamics of uy,. The first term capture how new
information influences the dynamics of the belief. Managers know that organization
capital is translated into the next organization capital by ¢. However, current
organization capital is not observable. It must be inferred from current output.
When large output is realized, it can be a result of either a large temporal shock
or large organization capital. ~As managers put a weight h; on new information,
organization capital is believed to be translated into the next belief by ¢h;. Of
course, new information is subjected to noise. Hence, the ¢h; portion of u; also
influences the belief at the next period. This effect is captured by the third term,
ohyui, of equation (19).

The second term of equation (19) captures the effect of the prior belief on the
posterior belief. There are two separate effects. When the firm makes an employment
decision, the assignment occurs between the prior belief and the quality of workers.
Therefore, the larger the prior belief, the higher quality of workers the firm can
employ. As skilled workers assist accumulating organization capital, organization
capital at the next period is believed to be large. This assignment effect is captured
by Z;:Z at the second term. On the other hand, when managers infer the current
organization capital from its output, they cannot perfectly trust it. Hence, they put
a weight, 1 — hy, on the prior belief. As ¢ fraction of current organization capital is
translated into organization capital at the next period, ¢ (1 — h;) fraction of the prior
belief influences on the posterior. In total, the prior belief influences the posterior
by 6 (1 — hy) + 72

Two equations (18) and (19) gives us some speculations on the dynamics of In kf
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and py,. Firstly, equation (18) implies that In &, exhibits the reversion to the belief
i by ¢. Hence, the assignment does not influence the dynamics of Ink; after
conditioning p,. Secondly, if h; is smaller, equation (19) implies that iy, is less
subjected any types of shocks, €; and u;. Hence, the ranking of i, is less likely to
change. As an assignment takes place between i, and ¢, less changes in ranking
implies that p;, becomes more persistent. That is, the more noisy information is,
the more persistent the belief would be.

In order to prove that these speculations are correct, we focus the dynamics of
organization capital when the aggregate economy converges to the stationary distri-
bution. The following proposition shows that economy converges to the stationary

distribution.

Proposition 7 The aggregate economy converges to a unique stationary distribution.
On the stationary distribution

In B +yp, — %2

peo = -
B Pyoq + \/('}’Uq)2 + (1 - ¢2) ¢2hooazoo
e (11—
. a’o? — (1—¢*) o2 + \/[oﬂag —(1-¢°) 03]2 + 4020202
O-k:oo - 20&2
he (OzO'koo)Q

o2 + (ozakoo)2

Moreover, a firm dynamics is described as VAR model as follows:

kt+1 - Dkt + Et (20)
where
— ¢ Vous
| Ghee 61— hoo) + 772 |
Ink? — us er
k, — t — Mkoo €, = t
Mr — Nzoo gbhoou:




As the stationary distribution is unique and globally stable, a real economy is
expected to locate near the stationary distribution in the long run. Hence, we
focus the dynamics of organization capital when economy reaches the stationary
distribution. It means that we investigates the property of equation (20) and discuss

what influences the persistence of the dynamics.

Persistence when o, = oo: It is instructive to start with an extreme case, o, = .
Hence, the firm cannot learn the level of organization capital at all. In this case,
he = 0 and a firm put all weights on the prior belief. Hence, the prior belief
never changes. The proposition shows that the movement of organization capital is

reversing to its own belief.

Proposition 8 Suppose that 02 = co. Then the dynamics of economy is described

by
. In B +yp, — %2
Hoo = 1—¢
Opoo = fquﬁ
2
Thoo = 1 ia 2
and

Inky, = ¢k} + (1 — @)y +e;

Hrrr1 = M-

As the firm cannot learn about its own organization capital, the firm never changes
its own belief. Hence, the belief is constant. As the assignment is based on this
belief, the firm that has greater reputation always attracts good workers and keeps
its position. Moreover, as real organization capital is subjected to the shocks, the

movement of the organization capital temporally deviates from its own mean. Note
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that when we could regress Inkp ; on Inkf, (1 — ¢) , serves as a function of a firm
specific fixed effect. Hence, this extreme case provides an interpretation on a fixed
effect appeared in data.

Of course, no learning can be too extreme. However, the following argument
shows that the results in this proposition can be considered as a limit of the results
when o, is finite. Hence, it may be considered as a good approximation when time

span of available data is short.

Persistence when o, € (0,00), 0. > 0 and ¢ > 0: Let us examine a more general
case below. First, we analyze the stability of equation (20). Equation (20) is stable if
and only if the absolute values of all eigenvalues of D are less than one. Examining the

eigenvalues, we can derive the conditions that equation (20) is covariance stationary.

Proposition 9 Let Ay and Ay denote the eigenvalues of the matriz D. Then the

equation (20) is covariance stationary if

Oq

>\1 = ¢+’Y <1a
oo

Ao = ¢(1—hoo) <1

Note that the second condition is always satisfied. It means that the stability is
guaranteed if the first condition is satisfied. The first condition is a similar to that

in the previous section. It implies the ratio of the standard deviation of skill to that

of beliefs on organization capital U‘% has to be less than%d’. Hence, similar to the
previous section, if the assignment effect, which is captured by (;YZ; , is not too strong,

the dynamics reverse to the mean.
Of course, 27% and h are endogenous variables. We can find more fundamental
oo

conditions for stability. When the distribution is stationary, the following relationship
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is derived.

(

1 + (aakoo

2
Q0 oo
Ou
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;

(1-¢°)

2
A0 |oo
Oy

Hence, h,, and ;’ﬁ can be determined by two parameters, 2 and % The following
Qoo € €

lemma shows the relationship between two endogenous variables, h., and

two exogenous variables, 2= and ¢
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Lemma 10 Assume that ¢ € (0,1).
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The first part of this lemma shows that the measure of informativeness of output

he and 2+ have a one to one relationship. Hence, for any h., we can always find a

aoe

57“5 to generate the h.,. The parameter,

23
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to that of shocks. If the standard deviation of a noise term is large, the firms cannot
learn much, h, is smaller. If the noise term has small variance, the firm can learn
a lot and h., is large.

The second part of lemma shows that for a given 2=, we can always find a 27¢ that

g

can support the persistence parameter ¢ + =y in between ¢ and 1. As explained

O poco

in previous section, if % is large, top organization receives the large benefits from
€

positive assortative assignment. Hence, the dynamics exhibits longer persistence.

Y%q
O oo

Oy

is increasing in =%
oo

More interestingly, That is, as information becomes
noisy, the assignment effect becomes larger and the persistence parameter becomes
larger.  When information is noisier, rational agents rely more on a prior belief
to infer current organization, and, therefore, the posterior belief is less subjected
to changes in ranking due to the realization of idiosyncratic shocks, ;. Without
changes in ranking, large p,, always attract high ¢;, which is expected to generate
large organization capital in future. Hence, u, is more persistent. Note that
Oy

when 2 goes infinite, the persistence parameter converges to 1. It means that the

dynamics at o, = 0o can be approximated by large Z-.

Combining proposition 9 and lemma 10, when ¢ € (0,1), as far as 2= and %

€ €

are finite, the stochastic process is covariance stationary.

Proposition 11 Suppose that ¢ € (0,1), 2= and %" are finite, equation 20 is co-

7 aoce
variance stationary.

Two eigenvalues, A\; and Ay are also important for the examination of the persis-
tence of the stochastic process. Let py; denote the autocorrelation between current
organization capital and organization capital j period before, and p,; denote the au-
tocorrelation between belief on current organization capital and belief on organization

capital j period before:
E(hl k?? - Mzoo><ln kgfj - /’LZOO)

Pri = Var (Ink9)
B (g — 1500) (e — Hiso)
Puj = 2
OO
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The following proposition derives autocorrelation of In k; and p,.

Proposition 12 The autocorrelation of Inky and p, are functions of Ay and Ao

oo — [1_w<ﬂ,&)w+w(ﬂ,&) N
O QO O QO

Puj = /\{
where w (ﬂ7 Tu ) — e -
L o) (1 (2))
9q 19 2 — — — Qkoo ? Ou ?
L ) E) e i () ()]

O koo (1 — ¢2) (M) <ﬂ_>
The above proposition shows that the autocorrelation between current organiza-
tion capital and past organization capital can be expressed as a weighted average of
)\{ and Aé; while the correlation between current belief and past reputation is a func-
tion of A{. It means that as far as equation 20 is covariance stationary, eventually

the effect of initial condition dies out. More importantly the autocorrelation will be

heavily influenced by two variables, qu , and he. Note that \; > A\y. Hence, the

oo

immediate result from above proposition is as follows.

Corollary 13 Suppose that %" > 0. The autocorrelation of a firm’s reputation is

always larger than its real capacity.

Puj > Prj> VJ

The corollary says that reputation is more persistent than organization capital
itself. As we discussed earlier, once we control the belief, the persistence parameter
of Ink; is only ¢. As the main source of persistence came from the dynamics of the
belief, the autocorrelation of the belief on organization capital must be larger than
that of organization capital itself.

Now we want to show how % and 2+ change the autocorrelation.
€ £
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Proposition 14 There exist j* and 7** such that for all j > j*

dpy
dL"JI >0
and for all j > 7**
M >0
i(sx)
For all 7,
s o _Pus

(=)
aoe

The proposition shows that the larger values of %" and 7+ always increase the
autocorrelation of reputation, while they can definitely increase the autocorrelation
of organization capital after enough period has passed. As an increase in both
parameters increase the persistence due to the assignment and the assignment occurs
between reputation and skill, both parameters directly increase the autocorrelation
of reputation. A real organization capital moves around its reputation. Hence, after
long period later, an increase in the persistence of reputation certainly increases the

persistence of organization capital itself.

4 Empirical Strategy

This section examines how much the informational friction and the diversity of skill
contribute to the persistence of organization. For this purpose, this section struc-
turally identifies technological persistence, ¢, the assignment parameter ;LL; and the
measure of the accuracy of information h.,. First, we discuss how to identify ¢, JML;

and h.,. It gives us intuition behind our structural estimation. Later, we discuss

data and our estimation procedure.
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Strategies to identify ¢, ;LL; and h.: Firstly, as we cannot observe k7, we need
to convert the result in the previous section to the movement of observable variables.
One of such variables is output, y;. As we assume that the number of workers is
assumed to be 1, we rather measure y, by labor productivity?. The dynamics of In y,

and E [Iny;|uy,, o2, on the steady state is derived from (20):

Iny, = biy_y +boFE [Iny;_ || + v, (21)

Eny;lp] = bsyi +bE [lnyg—1|ﬂkt—l} (22)

where Iny; = Iny, — Elny|, by = ¢ + %Ui—’;ogbhoo, by = 292 — L% gp p =

O poo Q Opoco

Ohso +% 7L Phoo, by = by +by — bz and v, = « (52‘71 —oui |+ u,*j) Using equation

oo
(22), the expected value of labor productivity can be recursively constructed. Using
this constructed expected labor productivity, we can conduct regression analysis by
equation (21).

Suppose that %Ug—q is known, which is discussed later. Then, the parameter,

J72e]

Phoo, ¢ and 2= can be derived from the following three equations:

poo

b
hoo = T o
P T Trrz

6 = b+l % gn,
Q0o

2% _ oy, Y 90y

0 oo Q0 oo

Hence, it is possible to identify ¢, ho, and 22~ from regression results.
O poo

3This empirical study assume that the movement of labor productivity is explained by the move-
ment of organization capital. However, it might be influenced by the movement of physical capital
too. There is no physical capital in our production function. However, as physical capital is a
choice variable, it can be expressed as a function of organization capital. Hence, the movement of
labor productivity is fundamentally dictated by the movement of organization capital. For example,
we could assume y; = A (k?)" qik{, where k; is capital stock per worker as a production function.
Once the firm maximizes profits given a rental price, we can derive the production function in this

paper. Hence adding capital stock does not change the results of our empirical study.

27



In order to understand intuitions behind this identification strategy, first note that

equation (21) can be written as

Iny; = oy, + ZﬂE [ty |poe] + %igbhw lnyiy = B [Iny sl ]] + v

JIES puoo
The coeflicient of Iny;_; is the parameters on the technological persistence; the coef-
ficient on [ln yr 4| /th_l} is the parameter of the assignment effect. As high labor
productivity indicates high organization capital, it can be translated to the organi-
zation capital at the next period by ¢. On the other hand, as assignment occurs
between beliefs on organization capital and skill, the coefficient on F [ln yr4| th—1]
capture the effect of assignment on organization capital at the next period. The
third term is new, which is derived from the prediction error. When the realized
output is larger than the expected one, people update their belief. The updated
belief attracts better workers, who can directly increase the output. Hence, if we are

able to identify the effect from the prediction error, we can separately identify the

Y0q

oo

assignment effect from the technological persistence ¢.
The prediction error obviously is influenced by the measure of the accuracy of
information, h... In our regression analysis, the parameter, b3 provides useful infor-

mation about h.,. Note that

bl_b3:¢(1_hoo>'

Hence, the difference between b; and b3 is influenced by the accuracy of information
the current labor productivity provides. In order to understand the reason, note that
v; and Iny; are correlated because E [u;|Iny;] # 0. A high output is influenced not
only by large organization capital, but also buy a current good luck. Hence, large
output provides an information about the current shocks, too. A rational agent
efficiently extracts this information to predict future output. That is why b; and b3
are different. When the variation of u; is a large component of the variation of output,

the realized output is more influenced by u; and less influenced by organization
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capital. Hence, the observed output is useful to predict u}, but not to predict In k7.
Therefore, h., is small and the difference between b, and b3 is large.

In order to identify b; and b3 from data, we could apply OLS and an instrumental
variable (IV) approach to the same regression. The IV estimate provides a consistent
estimator of the parameter b; and OLS estimate provides a biased estimator of by,
that is b3. Hence, the difference between the IV estimates and the OLS tells about
how much the output provides information about the error term and identify our h.
More specifically, we derive the following regression equation from equation (22):

t

Iny; = by Y by Iny;; + by E [Inyhl ] + = (23)

i=1
where w; = Iny] — FE [lny}|u,]. Note that @, is not correlated with Iny; ;, and
E [Inyj| g because w; is a prediction error. Hence, the OLS estimate provides a

consistent estimator of bs.

Data and Estimation Procedure for b, by, b3 and bs: We use COMPUSTAT
industry annual data set in 1970-2004 for our empirical study. We choose the manu-
facturing sector for this analysis. The value added per the number of workers is our
proxy for labor productivity, ;. As COMPUSTAT does not report the value added,
we estimated it. Our data construction procedure is written in Appendix.
We estimate In y7, by Iny;: — w where y;; is the value added over the number
of workers in jth firm at year ¢ and m is the number of firms in the same 4-digit
industry. That is, Iny}, is the deviation of labor productivity from industry and
year average. We estimate the prior, E [Inyg|s,] from the average Inyf, over initial
5 years appeared in COMPUSTAT since 1970. Therefore, the following estimation
procedure is based on data in 1975-2004.

Using equations (21) and (23), and our constructed prior, we conducted the fol-

lowing recursive estimation procedure. First, we picked an arbitrary value of b4, and

construct S0, b Inyl , and (by)" E [Inyj|pu) from data. Second, equation (23)
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is estimated by a constrained regression, where the constraint is that the coefficient
of (by)" E [Inyjlps) is 1. Tt identifies bs. Third, using these bs and by, we estimate
E [Inyf|pg] by bs S0, b M Inyl , + 04 E [Inyj|uy). Forth, using the estimated value
of E[Iny]|p,), equation (21) is estimated by the IV regression. We use Iny; , and

lnw't 1 — —Z;n Iyt
it —

for the instruments of Iny; , and E [Iny] |u,), where wj; is the
average wage rates in jth firm at year t*. We need an additional instrument for
E Inyj |py,] because E [Inyy|uy,] might contain a measurement error. This IV esti-
mates produce b; and by. Finally, as by = by + by — b3, we can replace by. Using this

new by, we can conduct the same procedure again until the estimated b4 converges to

the assumed b,.

The Estimation of %Ua—q In order to identify the parameter, we need to estimate
Hoo

¥ g This information on £-Z¢ can be derived from the first order conditions of

Q Opoo aoy

the firm. Integrating the first order condition, the following wage function is derived:

W (X (Hps Thoo * Xoo) 1 Xoo) = U5 E [Ye|fipes Oroe] + 06 E [V (Hpt1s Thoo & Xoo) |Hars 0424)

Y 9 Jouls]

b o Q Opoco be — out
5 v o4 0 6 Y0q
1+EO'HOO ¢+ Out

Hence, in our model, the wage paid by a firm is expressed as a linear combination
of the expected labor productivity and the expected market value of the firm per
workers.

Note that %Ui—; can be recovered from bs:

ﬂa'q o b5

A0 1—bs

That is, %Ui‘; roughly measures the relative contribution of skill on current labor

productivity.

4As many firms do not report labor expenses in COMPUSTAT, we need to estimate it. Our

estimation of wj; is discussed in Appendix.
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We could directly use this equation for our estimation. However, the results turn
out quite sensitive to the choice of the time period and instruments. In order to get

a robust result, the following equation is derived for our regression analysis.

v (,UktJrla Okoo - Xoo)

E [yt|,ukt7 Ukoo]

W (X (fpts Okoo © Xoo) © Xoo)
E [yt\ﬂkt, Ukoo]

— by + bg + v, (25)

Ve (“ktﬂ’g’“’o:x“) v (“ktﬂ»"koo:XOo) 2
where o b6 {E |: Elyt|ppet:0k00] ’Nk“ Thoo | — Elyt|prs,okoo] and [yt’:ukt? Ukoo] -

v (Mkt+1’0koo3xoo
Elyt|tps:0koo)

E [y exp E[Iny]|py,]. As is correlated with v;, we use the first, sec-

ond and third lag of V%EZE;Z‘;?& as instruments on it. This regression derives
fairly robust estimates of bs and bg.

In order to implement this regression, we need proxies for w (X (Lgs, Tkoo © Xoo) * Xoo ),
V* (ukt 415 Okoo :XOO) and F [y;|pigs, Oroo)-  The estimated wage rate is proxies for
W (X (Hgss Okoo © Xoo) © Xoo) and the market value of firms per the number of work-
ers are proxies for V* (ukt 415 Ohoo XOO). Both are constructed from COMPUSTAT.
More details are written in Appendix. Note that we can estimate E [Iny;]|u,] by
by S0 byl 4+ UL E [yl o) and E [y;] by the industry average of y;. This provides

sufficient information for the proxies of E [y |y, 0rs]-

5 Empirical Results and Calibration

This section provides empirical results. Using the estimated parameters, we cali-
brate our model and examine how much the assignment influences the persistence of
productivity.

The first two tables 2 and 3 show the results of our iterated regressions. The
tables report the number when the estimated b, meats the assumed b,. The table 2
reports the results of regression equation (23) and the table 3 reports the results of
regression equation (21).

As only small few companies report labor and related expense in COMPUSTAT,
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The dependent variable is Iny;

Small Sample | Small Sample | Large Sample | Large Sample
Constrained | Unconstrained | Constrained | Unconstrained
S byl | 0.657 0.658*** 0.574*** 0.577*
(0.008) (0.008) (0.003) (0.003)
bLE [Inyh| taro) 1 0.977** 1 0.899***
(0.092) (0.030)
# of observations | 2425 2425 19542 19542

Table 2: Regression 1

The dependent variable is Iny;

Small Sample | Large Sample

Yr_q 0.676*** 0.603***
(0.052) (0.014)

E [Iny}_|p_] | 0.264" 0.326***
(0.054) (0.015)

# of observations | 2131 16690

Table 3: Regression 2
Two tables show regression results when the estimated b, converges to the assumed
bs. The variable Iny; is labor productivity relative to industry and year average.
The prior E [Inyj| ] is constructed by the average of initial five years appeared in
Compustat after 1970. The prior E [Iny}|uy,] is constructed by
b3 >t bt Inyl, + bLE [Inyh|p,e). Small sample contains only the companies that
report labor and related expense and large sample expand companies using
estimated labor cost. Constrained regression assume that the coefficient of
bLE [Inyj| i) is 1. Table 2 reports the results of simple OLS, and Table 3 reports

the results of IV estimate. The Standard errors are reported in parentheses.

“** means significant at 1 percent level.
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we estimate labor cost when the companies do not report it. The estimation proce-
dure is written in Appendix. In order to investigate the bias due to this estimation,
we also report the regression results for the companies that report labor and related
expense. Small sample contains only the companies that report labor and related
expense and large sample expand companies using estimated labor cost.

The table 2 shows that by ( the coefficient on >_/_ b Iny; ) is 0.657 in the
small sample and 0.574 in the large sample. The small sample produces slightly
bigger values for b3. In order to check the bias due to constrained regression, we also
run unconstrained regressions. It shows that b3 does not change much between the
constrained regression and the unconstrained regression. It backs up the reliability
of our estimates.

Unconstrained regression also reveals an interesting feature of data: the weighted
initial prior influences labor productivity for long time. It means that the effect
of initial values declines over time, but does not fade out. The theory predicts
the coefficient on the weighted initial prior is 1. The results from unconstrained
regression is smaller than 1, but fairly close. In particular, the results by small
sample shows 0.977 and F-test can not reject the hypothesis the coefficient is 1. This
result also supports the prediction of our model.

The table 3 shows that by ( the coefficient on y; ;) is 0.676 in the small sample
and 0.603 in the large sample. They are slightly bigger than bs. It means that
predicting the error terms from output does not provide additional information very
much. In other words, the most of variation of labor productivity can be explained
by persistent capacity of the firm, which we call organization capital.

Table 3 shows after controlling labor productivity, the belief on labor productivity
still influences the labor productivity at the next period. It is consistent with the

prediction by the model with unobserved organization capital.

In order to identify parameters, we need to estimate %an . Table 4 reports

o0

the results of regression equation (25). The constant term contains the information
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The dependent variable is W

Small Sample | Large Sample

constant 0.108*** 0.121**
(0.003) (0.001)

Wﬁrm, 0.008* 0.010***
(0.003) 0.001

# of observations | 1457 10608

Table 4: Regression3

The variable w is the wage, V' is the market value of a firm per the number of

workers, where the market value is evaluated at the end of year. The expected
labor productivity E [y:| i, Okeo] 1S estimated by E [y,] exp E [Inyy|uy,], where E [y,]
is industry average labor productivity and F [Iny]|u,,] is taken from the results in

Table 2. TV regression is conducted by using the first, second and third lag of
m as instruments. Small sample contains only the companies that report
labor and related expense and large sample expand companies using estimated labor

cost. The Standard errors are reported in parentheses. *means significant at 10

*

percent level. *** means significant at 1 percent level.

y o . . w . o ).
about £ UH‘;. More interestingly, the expected labor share Blolirons] 1 positively

correlated with the expected market to output ratio This is consistent

N A
" Elyt|pge:oroo]
with our theory that employing able workers plays a role of investment.

Using the results from our regression analysis produces the parameters of our
interests; ¢, ho, and ;L; Table 5 report the results. Note that h., is quite high;
0.97 in small sample and 0.95 in large sample. It means that the realized labor
productivity reveals fairly accurate estimates of the firm’s capacity. This result is
mainly derived from a small difference between IV estimation and OLS estimation.

The parameter of technological persistence is 0.61 and the measure of assignment on

persistence is 0.33. Note that the persistence parameter is A\ = ¢ + ;LL; Hence,
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The Estimated Parameters.

Small Sample | Large Sample
2210121 0.137
[0) 0.605 0.534
heo 0.969 0.945
(ZML; 0.334 0.395

Table 5: Estimated Parameters

%Ui—; the relative contribution of skill on current labor productivity. ¢ measures

technological persistence. h., measures the accuracy of information held by realized

labor productivity to predict the level of organization capital. % measures the
importance of the assignment for the persistence. Small sample contains only the
companies that report labor and related expense and large sample expand

companies using estimated labor cost.

the assignment explains about one third of the persistence parameter.

In order to understand the impacts of assignment on the persistence. We esti-
mate the correlation between current labor productivity relative to industry and year
average and the lagged relative labor productivity. Let us define the correlation as

follows:

El(ny — E[lny]) (Inys — Elny )]
Pys Var (Iny,)

The following proposition derives the theoretical prediction.

Proposition 15 The correlation between current relative labor productivity and the

relative labor productivity s period before is
2
(1)t oo (1422 (32)]

2 2 2
() (52) + (35
QO oo Okoo QA0 koo

pys =

35



The correlation between current labor productivity relative to industry and year

average and the lagged relative labor productivity.

Py2 | Pya | Pye | Pys8 | Pyl0
Small sample | data 0.81 [ 0.69 | 0.59 | 0.51 | 0.42
model 0.78 1 0.69 | 0.61 | 0.54 | 0.47
no assignment | 0.36 | 0.13 | 0.05 | 0.02 | 0.01
Large sample | data 0.75 ] 0.66 | 0.62 | 0.55 | 0.51
model 0.71 ] 0.61 | 0.53 | 0.46 | 0.39

no assignment | 0.27 | 0.08 | 0.02 | 0.01 | 0.002

Table 6: Correlation between current productivity differences and lagged productivity
differences
pys means the correlation between current relative labor productivity and the
relative labor productivity s years before. Small sample contains only the
companies that report labor and related expense and large sample expand

companies using estimated labor cost.

1—hog
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Table 6 compares the persistence of labor productivity derived from the theory
with that in data. It shows that the calibration fits data well in small sample.

Although the theory slightly underestimates the persistence in large sample, it still
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captures the overall picture of data.
Let us conduct an experiment. What would happen if there is no assignment in

= 0. It means that if there

an economy. This experiment can be done when fy;;‘;
is no difference in skill for creating organization capital, how much this effect reduces
the persistence of productivity differences? The forth and seventh row of Table 6
report the results of this experiment. It shows that after 4-6 years, the correlation
is almost 0. It means that the relative advantages ( disadvantages ) of a firm persist

only in 4-6 years. This striking results reveal the importance of assignment on the

persistence of productivity differences.

6 Conclusion

This paper constructs a dynamic assignment model to explain the observed persistent
differences in productivity, wages, skill mix and profits across plants and firms. When
the organization capital and skill are complement, large organization capital attracts
skilled workers, who can creates better organization in future. This positive feedback
brings the persistent differences in these variables. Furthermore, when organization
capital is not observable, it is shown that the real organization capital exhibits a
reversion to the belief on the organization capital and the belief itself is persistent.
This dynamics is consistent with the evidence on productivity differences. The
theory predicts that the relative diversity of skill and the lack of ability to accurately
evaluate organization capital increase the persistence of variables. After structurally
estimating the parameters of the model using COMPUSTAT data set, we calibrate
the model. Our calibration results show that if there is no diversity in skill, the

relative advantages of a firm disappear in 4-6 years.
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7 Appendix

The Complete Statement of Theorem 2: A unique recursive positive assor-
tative equilibrium with observed organization capital exists and this equilibrium is
supported by

ﬂ¢ ok, [y (ln ngriv Hrtris O-ktJFi)}
¢+ oo a4+ Loo

Okt+r Okt+i

V (I kY pry, oke) = Z I,
i=0

¢;—;y (hl kf? o s Ukt)

w (I qy; pogg ke

a+ ¢5_}; |lnk§:2—’f]¢[lnqt7,uq]+,ukt
Byt
Okt o .
+¢ + 700'_]; /V (ln kt+17 /"Lk?t-f-l’ O-kt+1) dQ (gt) |]nk?:i_—]flt|:lnqt—‘uq]+ukt
where H?_leﬂi«qfoq = ]_,
Tkt+T
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o
y (I K s fggri Oeyi) = €xp {IHA + (“q - Jq,“ktﬂ') + (a +9— > In ktoﬂ]
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and
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1—¢ o ;
Pri = (lnB + g — 7) + @' gy

o = 9" (ow) =9 (97 (g7 (ow))), 9" (ome) = \/(¢Ukt + o) + o2

The Complete Statement of Theorem 6: There exists a unique recursive positive

assortative equilibrium with unobserved organization capital. On the equilibrium,
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the value function and the wage function is

V* (gt Okt 0 X)) = ZH ¢ Wq okl [?J (/ikt+i,01—ci+£t+i) |/~th70kt}
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Data Appendix: ((#X), implies COMPUSTAT number X in year t. )
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e Labor expense...If a firm reports labor and related expense (#42),, we use it as
labor expense. If not, we estimate it as follow. We estimate the proportion
of the labor and related expense (#42), to cost of goods directly sold (#41),
by the firm that report (#42),. We estimate the average of the proportion
by industry and year. We multiply this industry average proportion in year ¢
to the cost of goods directly sold in year t (#41), if the firm does not report
(#42),. This is our estimate of labor expense in a large sample. Small sample

simply covers firms that report (#42),.

e y,...the value added over the number of employees (#29);. The value added
is constructed by sales (#12), minus material, where material is constructed
by total expense minus labor expense and total expense is defined as operating

income (#13), minus sales (#12),.
e w;...the wage is estimated by labor cost over the number of employees (#29);.

e V... the market value of a firm at the end of year over the number of employees
(#29);, where the market value of a firm at the end of year equals the book
value of assets, (#6),, plus the market value of common equity, (#25), x (#199),,

less the book value of common equity, (#60), and balance sheet deferred taxes

(#74),.
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