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Abstract

This paper studies the effects of capital reallocation on aggregate productivity. Capital reallocation

(i.e., the flow of productive capital across firms through changes in ownership) is an important activity in

the United States: on average, the total value of capital reallocation annually is 3 to 4 percent of U.S. GDP.

Firms with lower productivity are more likely to be reallocated to more-productive firms, and they also

experience increases in productivity after reallocation. I use a dynamic model of firm investment and

capital reallocation to match these facts. In the model, increased participation in the acquisition market

by heterogeneous firms results in an increase in aggregate labor productivity, while the productivity of

capital declines due to decreasing returns to scale. With the calibrated model, I show that the increased

reallocation of capital contributed 20 percent of the growth of aggregate labor productivity during the

period 1985-1990, and 22 percent during the period 1995-2000.

JEL Codes: E22, L16
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1 Introduction

Empirical studies show that the reallocation of production inputs across firms and establishments

is an important source of change in aggregate productivity. Much of aggregate productivity growth can

be attributed to reallocation.1 Capital reallocation through change in asset ownership across firms and

establishments is an important component of reallocation and is the way in which many firms expand

or downsize.2 This reallocation has been increasing since the 1960s in the United States, reaching a

record high in 1999, at 15 percent of the GDP. Although previous empirical studies have estimated the

productivity gains from reallocation at the firm level, the importance of such reallocation in the growth

of aggregate productivity has not been investigated. On the other hand,

Most macroeconomic models typically assign no role to capital reallocation across firms or implicitly

assume that capital can be costlessly reallocated from one firm to the other. This assumption, however,

is quite strong. First, it is at odds with the data. For instance, firms in the U.S. do acquire capital from

(or sell capital to) other firms as a way to expand (downsize). In fact, since the 1960’s capital reallocation

through changes in ownership has averaged 3 to 4 percent of GDP per annum reaching a high of 15 per

cent of GDP in 1999 (see Holmstrom and Kaplan, 2001). Second, there is evidence that it may be costly

to transfer capital from one firm to the other. For instance, Ramey and Shapiro (2001) use equipment

transaction data of aerospace plants and find that, due to sectoral specificities, physical capital sells for

a substantially discounted price relative to replacement cost. Likewise, Kurmann and Petrosky-Nadeau

(2007) find evidence of costly capital reallocation due to search and matching frictions in the capital

goods market while Eisfeldt and Rampini (2007) find that financially constrained firms are more likely

to purchase used capital. To the extent that there is a role for capital reallocation in the real world but

frictions or costs of reallocation limit the flow of capital from less productive firms to more productive

firms, this will have implications for aggregate productivity. The objective of this paper is to study the

quantitative implications of costly reallocation of capital on aggregate productivity.

To this end, the paper develops a general equilibrium model with heterogeneous firms that explic-

1See Bartelsman and Doms (2000) for a survey.
2Empirical studies that decompose aggregate productivity growth generally consider between-firm growth and net entry as

reallocation, (see Foster et al., 2001). In this paper, we define reallocation explicitly as the process of one firm buying (selling)

physical capital from (to) another firm.
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itly accounts for the costly reallocation3 of capital. The model builds on Jovanovic and Rousseau (2002)

which proposes a q-theory of mergers to explain why less productive firms are more likely to be taken

over by more productive firms. In our model, heterogeneous firms use physical capital and labour to

produce with a technology featuring decreasing returns to scale and are subject to idiosyncratic produc-

tivity shocks. Firms can invest either by purchasing new capital or by purchasing used capital from other

firms in the used-capital (or acquisition) market. There are however different adjustment costs to invest

in new or used capital. We show that due to the different adjustment costs, it is optimal for firms to par-

ticipate in the used-capital market ( in the event of which capital is reallocated to them) only when their

total investment demand surpasses a certain threshold value. We calibrate our model to match firm-

level data on investment and reallocation for the period of 1981 to 2004 in the United States. We then use

our calibrated model to conduct two exercises.

In the first exercise, we assess the importance of capital reallocation as a source of aggregate pro-

ductivity. We do this by comparing aggregate productivity in a world with and without the used capital

market.We find that relative to the benchmark calibration where the used capital market operates, when

the used capital market is shut down due to high used capital adjustment costs, aggregate output de-

creases by 2.2 percent and aggregate labor productivity drops by 3 percent. The decrease in aggregate

labor productivity arises because when capital reallocation is too costly, the demand for investment falls,

leading firms to downsize and reduce their output. In addition, firms substitute labor for capital. Thus,

the ability to reallocate capital through the used capital market helps to increase labor productivity and,

in our model, this channel is quantitatively important.

We then assess the extent to which the ability to reallocate capital may have contributed to increases

in aggregate labor productivity observed in the U.S. data on industry productivity. We focus on two em-

pirical episodes where capital reallocation grew faster than average: (i) 1985 to 1990 where an increase in

the investment rate in used capital of 3 percentage points was accompanied by an increase in aggregate

labor productivity of 9 per cent, and (ii) 1995 to 2000 where an increase in the investment rate in used

capital of 7 percentage points was accompanied by an increase in aggregate labor productivity of 18 per-

cent. We conduct our experiments by reducing the adjustment cost of used capital from our benchmark

3In this paper, we define reallocation as the process of one firm buying (selling) physical capital from (to) another firm. There

are alternative definitions of reallocation, see for example Foster et al. (2001).
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calibration so that the model predicts the same increase in capital reallocation as shown in the data over

each respective period. We then derive the implications of these changes in the cost of reallocation on

aggregate labor productivity. We find that the increased capital reallocation accounts for 20 percent of

the growth in labor productivity from 1986 to 1991, and 22 percent from 1996 to 2001. Further, the source

of the increase in labor productivity is predominantly the increase in output rather than a decrease in la-

bor input.

The paper proceeds as follows. Section 2 discusses the facts on capital reallocation, as well as the

related literature. Section 3 introduces the model. Section 4 conducts equilibrium analysis. Section 5

calibrates the model to the data regarding investment and reallocation. Section 6 assesses the implica-

tions of the costly reallocation of capital, and Section 7 concludes.

2 Related Literature

The modeling of reallocation in this paper is consistent with empirical studies using U.S. establishment-

level data. These studies find that less productive firms are more likely to be reallocated and reallocated

firms on average experience productivity improvement, see McGuckin and Nguyen (1995), Lichtenberg and Siegel

(1989), Lichtenberg (1992), Maksimovic and Phillips (2001), and Schoar (2002), among others.4 Lichtenberg and Siegel

(1989) use data on large U.S. manufacturing plants from the Longitudinal Research Data set (LRD) to

study the effects of changes in ownership on productivity. The authors find that plants with lower total

factor productivity (TFP) are more likely to be sold, and on average plant-level TFP increases by 23 per-

cent for reallocated plants. McGuckin and Nguyen (1995) also use the LRD and find that the acquired

plants tend to have lower productivity. Moreover, plants that experience changes in ownership gain pro-

ductivity during the 5 to 9 years following these changes. Maksimovic and Phillips (2001) extend these

studies by looking into more broad ownership changes that include partial establishment sales in LRD

from 1974 to 1992. They find that, on average, 3.9 percent of establishments change ownership annually.

Reallocated plants or whole firms experience significant gains in productivity. The buyers tend to have

higher TFP and tend to be larger than the sellers.

That the buyers are more productive than the sellers is also shown in other papers. Jovanovic and Rousseau

4An exception is Ravenscraft and Scherer (1989) who find evidence that supports a decline in post-merger productivity de-

clines in 1960s.
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(2002) find that in nearly 70 percent of mergers and acquisitions in the United States the buyers have a

larger Tobin’s Q value than the sellers. Their estimation shows that Tobin’s Q value and the investment in

used capital are significantly and positively correlated. Erard and Schaller (2002) obtain similar findings.

Our paper is related to the literature on used capital in that reallocation refers to the change in own-

ership of used capital. Eisfeldt and Rampini (2007) find that financially constrained firms (often small

and young) are more likely to purchase used capital goods than unconstrained firms. Pulvino (1998), on

the other hand, finds that financially constrained airlines receive lower price offers for commercial air-

craft than unconstrained firms, while Ramey and Shapiro (2001) emphasize that the sectoral specificity

of physical capital may cause the sale price of used capital to be low. Our model is related to used capital

in that the capital purchased by one firm from another is indeed used. However, it will be clear later

that our model emphasizes the lumpiness of investment in used capital, which is closer to acquisition

transactions.

The model is closely related to two papers. Jovanovic and Rousseau (2004) use technology adoption

to explain the waves of mergers in the United States. When a new technology is invented, firms can either

adopt it or choose to exit through acquisitions. Our model also examines the two recent merger waves

but assumes that increased merger activity arises from the lower cost of reallocation. Further, the goal of

our model is not to explain the merger waves but to study their implications for aggregate productivity.

Eisfeldt and Rampini (2006) find that the procyclical reallocation of capital can be explained by the cost

of counter-cyclical reallocation. Our model also relies on cost of reallocation to generate increased re-

allocation, but studies the stationary equilibrium. Neither of the two papers studies the implications of

reallocation for aggregate productivity.

3 Model

The model economy consists of one representative household and a continuum of firms, split be-

tween incumbents and new entrants. Each period, the representative household makes decisions on

consumption, saving, and labor supply. On the other hand, at the beginning of each period, incumbent

firms face an exogenous probability of exit from the industry. Conditional on their survival, they make

decisions on investment in physical capital and employment given the idiosyncratic shocks to produc-
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tivity that they face. Potential entrants receive a signal about their productivity and decide whether to

enter the industry or not.

We assume that each firm is operated by a manager who maximizes the firm’s profit.5 We denote the

firm’s productivity by ε, which may reflect managerial ability and level of technological efficiency. Given

the same amount of capital, k , and labor, l , firms with higher ε produce more and invest more in capital.

The production function is f (k , l ,ε)= zε(k1−αlα)ν, where α ∈ (0,1) and ν ∈ (0,1). The decreasing returns

to scale in capital and labor imply that the firm size is finite and bounded from above and zero. The

aggregate technology level, z, is constant, and is used for comparative statics in later sections.

Firm-specific productivity is assumed to follow an AR(1) process, logεt =ρε logεt−1 +ηt , where ρε is

the coefficient of serial correlation. The innovation term, ηt , is independent and identically distributed,

with ηt ∼ N (0,σ2
η).

Adjusting labor does not incur any cost, so the firm’s static labor choice can be obtained as

l∗ =
(ανzε

w

) 1
1−αν

k
(1−α)ν
1−αν ,

where w is the wage rate. The firm’s revenue net of labor cost is then given by

R(ε,k)=
1−αν

αν
wl∗.

3.1 Investment and reallocation

In each period, firms that survive choose the optimal investment in physical capital for the next pe-

riod. Capital can be purchased from the new capital market and from other firms through the acquisition

market. We follow Eisfeldt and Rampini (2006) and call capital purchased from other firms used capital.

Both types of capital are equally productive. The key difference, however, is that used capital purchased

in the acquisition market is already assembled by the selling firm and is ready for production. Given that

used capital is already assembled, it is at the outset ready for production. Therefore, in this paper, we

assume that it is less costly to the firm to adjust total capital stock with used capital than new capital.

More formally, let xn denote investment in new capital and xu denote investment in used capital.

5We abstract from organizational or agency problems related to managerial issues.
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Following Jovanovic and Rousseau (2002), if the firm buys new capital, the adjustment cost of capital is

h1(xn ,k) where h1 is convex in xn . If the firm buys used capital in the acquisition market, it pays pu per

unit of capital. The adjustment cost of used capital is h2(xu ,k) where h2 is convex in xu . We make the

following assumption on convex adjustment costs:

Assumption 1. ∂h1(xn ,k)
∂xn

|xn=x >
∂h2(xu ,k)

∂xu
|xu=x .

Thus, for a given investment level x, the cost of an additional unit of investment in new capital is

higher than the cost of an additional unit of investment in used capital. This assumption implies that,

other things equal, a firm would prefer to buy or sell capital in the acquisition market.

However, we assume that participating in the used capital market is costly. Those participation costs

can arise, for instance, due to search or information frictions or they can arise from transaction costs

related to acquiring a firm. Specifically, we assume that firms need to pay a fixed cost, Φk , to participate

in the acquisition market. Thus the fixed cost increases with the firm’s capital size, capturing the idea

that a firm with large capital stock will have to forego more output because of disruption. This fixed cost

also implies that small firms can participate in the acquisition market if their productivity shock is large

enough.6

It is worthwhile to note that even though the adjustment cost for new capital is higher than that for

used capital, it is not optimal for the firm to invest solely in used capital once it has paid the fixed cost for

participating in the used capital market. Letting i = x/k denote the total investment rate, in Appendix B

we prove the following proposition

Proposition 1. If adjustment costs for new and used capital are h1(xn ,k) and h2(xu ,k), respectively, then

choosing xn = 0 is never optimal when i 6= 0.

[Figure 1 here.]

The intuition for this result lies in the convexity of the adjustment cost profiles and is illustrated in

Figure 1. In the figure, for any given total investment level, the blue dashed line depicts a more convex

6There are alternative approaches to modeling frictions to investment in the literature, e.g., firm’s financial constraint, search

frictions, and informational frictions in the used-capital market, see Kaplan (2000), House and Leahy (2004), Eisfeldt (2004) and

Kurmann and Petrosky-Nadeau (2007) among others. In addition, in reality, some acquisitions fail, meaning that productivity

after acquisition does not increase. Our model is consistent with this fact in that in our model buyers of used capital are subject

to idiosyncratic shocks, facing the risk of a productivity decline after purchasing used capital.
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adjustment cost profile for new capital than that for used capital (green solid line). Suppose that the

firm’s total investment level is 0.6 and the firm only invests in used capital. Then, the firm would bear

an adjustment cost equal to A on the vertical axis. Now, suppose that the firm switches 0.1 of the total

investment to investment in new capital such that xn = 0.1 and xu = 0.5. The firm would then face an

adjustment cost equal to B +C < A. Thus the firm can save on the total adjustment cost that it would

otherwise save by investing some amount in new capital. It should be noted that in Figure 1 we set pu = 1.

For other values of pu , in Appendix B, we show that if the firm invests at all, it is always optimal to invest

some amount in new capital.

Optimal split between new and used capital

Now that we have established that the firm would invest some amount in new capital, we are in

a position to determine the optimal split between new and used capital. Assembling new capital and

training workers to use it is more costly than buying ready-to-produce used capital. However, because

of the fixed cost of acquiring used capital, firms would rather buy new capital when their demand for

investment is low. As the demand for investment increases above some threshold level, the firm will

switch some investment to used capital to minimize the total adjustment cost.

To show why this is the case, let the investment rate in used capital be iu = xu/k . Given a total

investment level x, the firm’s choice of splitting x between xu and xn is determined in the following

static cost-minimization problem

min
iu

{ĩ − iu +puiu +
γn

2
(ĩ − iu)2

+
γu

2
i 2

u +Φ}.

Suppose that h1(xn ,k) =
γn

2

x2
n

k
and h2(xu ,k) =

γu

2

x2
u

k
with 0 < γu < γn .7 If the firm chooses iu 6= 0, solving

the above cost minimization problem gives the optimal choice of iu , as i∗u =
γn

γn+γu
i +

1−pu

γn+γu
. This optimal

investment rate in used capital is a linear function of total investment rate.

Next, let ĩ be the investment rate at which the firm is indifferent between choosing iu = 0 and iu 6= 0.

At ĩ , the unit cost of investing in new capital equals the unit cost of investing in both types of capital, as

7Note that, without loss of generality, we will assume quadratic costs of adjustment for the remainder of the paper.
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follows

ĩ +
γn

2
(ĩ )2

= ĩ − i∗u +pui∗u +
γn

2
(ĩ − i∗u )2

+
γu

2
(i∗u )2

+Φ,

where we have plugged i∗u into the cost of investing in both types of capital (on the right hand of the

equation). Solving the above equation, we can obtain the threshold investment rate ĩ at which the firm

is indifferent between investing only in new capital and investing in both types of capital.

Figure 2 shows an example of the optimal split between investments in new and used capital. The

horizontal axis is investment rate, and vertical axis are investment levels for new and used capital. The

dashed red line shows the optimal rate of investment in used capital. When the adjustment of capital

from the current capital stock is small, falling between ĩ1 and ĩ2, the firm does not participate in the used-

capital market, setting the investment in used capital to zero. As the adjustment (selling or buying) of

capital from the current level becomes larger, the firm reduces investment in new capital, and increases

that in used capital.

[Figure 2 here.]

3.2 Incumbents

At the beginning of each period, firms first draw the probability of exit s before observing the real-

ization of productivity shock and before any decision is made. If drawn to exit, with probability 1− ξ

the capital scrap value of an exiting firm is zero, and with probability ξ an exiting firm can sell capi-

tal in the acquisition market after paying the adjustment cost
(γu

2
+Φ

)
k . Hence the exit value is V x (k) =

ξ
(
pu −

γu

2 −Φ
)

k . The exit probability and the probability of selling capital in the acquisition market upon

exit are the same for all firms. The random exit assumption has been used in previous literature, for ex-

ample, Restuccia and Rogerson (2008) as a parsimonious simplification of a complex process.

Let V c (ε,k) be the continuation value, the incumbent’s optimal problem is given by

V c (ε,k) = max
{xn ,xu }

R(ε,k)−xn−pu xu−h1(xn ,k)−[h2(xu ,k)+Φk]·1{xu 6=0}

+
1

1+r

[
(1− s)EV c (ε′,k ′)+ sV x (k ′)

]
(1)

subject to k ′ = (1−δ)k + xn + xu . The cost for the used capital is zero if xu = 0. The gross interest rate
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(1+ r ) is endogenously determined in equilibrium.

3.3 Entrants

A continuum of potential entrants exists and decides whether or not to enter the industry. At the

beginning of each period, a potential entrant receives a signal q on its productivity at entry, drawn from

the cumulative distribution Ω(q). Lee and Mukoyama (2010) interpret the productivity signal q as ideas;

a good idea would lead to high post-entry productivity. Observing this signal, the potential entrant makes

the entry decision. If entering, it chooses the optimal start-up investment. After entry the firm’s draw of

productivity shock follows the conditional distribution πe (ε′|q), and from then on the entrant becomes

an incumbent. An entrant receiving signal q solves for the following problem:

V e (q)= max
k ′

∫

ε′

1

1+ r
V c (ε′,k ′)πe (dε′|q)−k ′

−ψk ′. (2)

The potential entrant chooses capital k ′ for the next period by maximizing the expected value in the first

period of production net of entry cost ψk ′. Entry happens if V e (q) ≥ 0. We assume that the conditional

distribution of productivity for new firms is increasing in q , which implies that there exists a threshold

value of the signal q̃ at which V e (q̃) = 0. Firms enter only if their signal satisfies q ≥ q̃. Entering firms are

different in their capital size at entry, k ′ = ge (q).

For computational simplicity, we assume that entrants buy capital from the new capital market. Oth-

erwise, the relative price of used capital pu would be present in the entry cost, complicating computa-

tions. In addition, we do not have data on the fraction of used capital investment for entrants. Neverthe-

less, in our model small and young firms do participate in the acquisition market, as is consistent with

the data.

The ex ante expected value of entry (before drawing signal q) is zero under the free-entry condition.

Let the ex ante entry cost be c f . The free entry condition implies the following

∫

q≥q̃
V e (q)dΩ(q)−c f ≤ 0. (3)
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[New august 2013]. Entrants draw a productivity signal q , pay fixed cost c f , then decide to enter

∫

q≥q̃
V e (q)dΩ(q)−c f ≤ 0, (4)

where V e (q)=
∫
ε′

1
1+r

V c (ε′,k ′)πe (dε′|q).

3.4 Household

The economy has one representative household with preference

∞∑

t=0

βt [u(ct )−θLt ],

where ct is consumption and Lt is the fraction of individuals that are employed. This preference is used

in Hansen (1985) and Rogerson (1988). The household owns all firms. Since there is no aggregate uncer-

tainty, the household’s optimization is deterministic. In each period, the household chooses the optimal

consumption c , the labor supply L, and saving A′. Let w be the wage rate relative to the output price, the

household’s recursive optimization problem is

W (A) = max
c ,L,A′

[
u(c)−θL+βW (A′)

]
, (5)

subject to

c + A′
≤ wL+ (1+ r )A+Π,

where Π is the total profit of firms (after all capital cost and labor cost). From the first-order conditions,

we have that u′(c) = θ
w and (1+ r ) =β−1.

4 Equilibrium Analysis

Our focus is on the stationary equilibrium with positive entry and exit. We first characterize the firm

distribution and examine the market clearing conditions, then define the stationary equilibrium.
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4.1 Firm distribution

Let the firm distribution be µ(ε,k), and π(ε′|ε) be the transition probability of the productivity shock

ε. Further, let the incumbent’s policy function be k ′ = g (ε,k) ∈ K if it stays and k ′ = 0 if it exits. The

transition matrix for the firm’s state is given by

P(ε′,k ′
|ε,k)=





1{k ′=g (ε,k)} ·π(ε′|ε), if stays,

0, otherwise.

(6)

Recall that the entrant’s policy function is k ′ = ge (q). The transition matrix for the potential entrant

receiving signal q is given by

P e (ε′,k ′
|q)=





1{k ′=ge (q)} ·πe (ε′|q), if V e (q) > 0,

0, otherwise.

(7)

The firm distribution over (ε,k) is summarized by the probability measure µ defined on S, where S is

the σ-algebra generated by the open subsets of the product space (E ,K ) on the non-negative real line.

Let M be the mass of new entrants. The distribution of continuing firms is µc (ε,k) = µ(ε,k) · (1− s). The

evolution of the firm distribution is given by

µ(ε′,k ′)=

∫

S

P(ε′,k ′
|ε,k)dµc (ε,k)+M

∫

q≥q̃
P e (ε′,k ′

|q)dΩ(q). (8)

On the right hand side of Equation (8), the first term is the distribution of firms that stay in the industry,

the second term is the distribution of entrants on S. Using the matrix form, the firm distribution can be

written as

µ′
=[µ · (1− s)]T P +MΩ

T P e ,

where µ and Ω
T P e are distributions over the state (ε,k) for incumbents and entrants, respectively. If the

invariant distribution exists, then we have

µ= [I − (1− s) ·P ]−1
· [MΩ

T P e ], (9)
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where I is the identity matrix. The timing of this process is as follows: at the beginning of period t , the

firm distribution over (ε,k) is µt . Of this distribution, some firms exit before commencing the produc-

tion. The entrants enter at the beginning of period t after observing their own signal qt . The period-t

entrants then draw their productivity shock from the conditional distribution πe (εt+1|qt ).

It should be noted that the invariant distribution function is proportional to the entrant mass M , a

property to be used for solving the equilibrium.

4.2 Output market

Let u(c) = log c . From the household’s problem, the aggregate consumption satisfies c = w
θ

. Not

surprisingly for the quasi-linear preference, the optimal aggregate consumption is independent of the

non-labor income.

In the output market, we can ignore used capital because in equilibrium the aggregate net investment

in used capital is zero due to the market clearing condition. The acquisition market affects output and

consumption only through the used capital adjustment cost and participation cost. The net aggregate

output that the household can use for consumption in each period is computed as the weighted output

level of all firms net of costs related to capital. In the stationary equilibrium, the continuing firm has the

following real revenue:

Π(ε,k)=zε(k1−αlα)ν−xn(ε,k)−h1(xn(ε,k),k)−[h2(xu(ε,k),k)+Φk] ·1{xu 6=0}.

It should be noted that new capital is produced as part of output in the model. One unit of output

can be transformed into one unit of new investment good.

Exiting firms with capital size k pay the adjustment cost (
γu

2
+Φ)k if their capital is sold in the acqui-

sition market. Entrants pay the start-up costs (k ′+ψk ′) but do not produce in the entry period. Putting

all outputs and costs together, the net aggregate output used for consumption is as follows

C s (µ) = (1− s)

∫

S

Π(ε,k)1{g (ε,k)∈K }dµ(ε,k)− sξ

∫

S

(
γu

2
+Φ)kdµ(ε,k)

−M

∫

q>q̃
(1+ψ)ge (q)dΩ(q)−Mc f . (10)
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The first term on the right-hand side is the aggregate output of continuing firms, the second term is the

participation cost in the acquisition market by the exited firms, and the last two terms are the entry cost

and investment by entrants.

The aggregate supply of output for consumption is proportional to the entry mass M (recall that

µ(ε,k) is proportional to M ). Later, this property is used for solving for M .

4.3 Used capital market

Appendix B shows that there exists a threshold value of investment rate ĩ at which the firm is indif-

ferent between choosing xu = 0 and xu 6= 0. Given the price pu , if the firm participates in the acquisition

market, we can use the firm’s optimal investment splitting rules to obtain that a firm in the state (ε,k)

buys used capital if its total investment rate i (ε,k)> ĩ2, and it sells used capital if i (ε,k)< ĩ1. As the price

pu increases, firms tend to buy less or sell more used capital.

The aggregate supply of used capital is

Λ(pu) = (1− s)

∫

S

1{xu (ε,k)<0}xu(ε,k)dµ(ε,k)+ sξ

∫

S

kdµ(ε,k).

Λ(pu) is negative and a decreasing function of price pu . The aggregate demand for used capital is

Ψ(pu)= (1− s)

∫

S

1{xu (ε,k)>0}xu(ε,k)dµ(ε,k),

which is positive and decreasing in pu . In equilibrium, the two measures sum to zero.

4.4 Recursive equilibrium

We are now in a position to define the stationary recursive equilibrium, as a set of functions,

(
w, pu , M ,V ,W,Ld ,Ls , A′,K ′,c ,µ

)
,

such that the household and firms maximize their expected values, and the markets for reallocation,

labor, and output clear, as follows
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(i) Given prices, V solves the firm’s Bellman equation (1), and l (ε,k ,µ) and g (ε,k ,µ) are the firm’s

policy functions for labor and capital, for all (ε,k)∈S.

(ii) Given prices, W satisfies the household’s problem (5), (c ,Ls , A′) are the associated policy functions,

and c =
w
θ .

(iii) The used capital market clears such that pu solves the equation Ψ(pu)+Λ(pu)= 0.

(iv) The asset market clears: A′ = K ′, where the aggregate future capital is K ′(µ) =
∫
µ∈S g (ε,k ,µ)dµ.

(v) The output market clears: c =C s (µ), where C s (µ) is given by Equation (10).

(vi) The free-entry condition (3) is satisfied.

(vii) The firm distribution is given by Equation (9).

The definition of the stationary equilibrium is similar to that in Hopenhayn and Rogerson (1993).

The difference lies in the capital markets and non-degenerate capital size distribution of entrants in

our model. The wage rate is proportional to M , according to equilibrium conditions (ii) and (v). The

stationary equilibrium is solved by iterating a two-step loop. In the first step, given a guessed entry mass

M we use equilibrium conditions (iii) and (vi) to solve for pu and w . The excess demand for the used

capital does not depend on the entry mass M , so pu can be obtained for any value of M . The equilibrium

wage w is obtained from the free-entry condition, as a function of M . In the second step, given pu and

w obtained from the first step, we obtain the entry mass M from the output market clearing condition

(v). These two steps are iterated until entry mass M converges.

*********************************************************

5 Data

The data on investment and reallocation are from Compustat 1975-2007. The sale of property, plant

and equipment (PPE) was available only since 1975. For data moments, we use the manufacturing sector

for the period between 1981 and 2004. Selecting this sub-period is because acquisition has a time trend

and the model experiments focus on merger waves in mid-1980s and late 1990s. Moment alues only

change slightly if the mineral industries and construction industries are included.
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Table 5 reports data moments regarding investment and acquisitions. Slightly more than 21 percent

of firms/year observations saw positive capital acquisitions, among which the average acquisition capital

ratio is about 13.6 percent.

In principle, reallocation can consist of both acquisitions and capital sales. In this paper we focus

on acquisitions, instead of both. This is primarily due to that we do not explicitly model both a positive

investment and positive capital sales, while in the data we typically observe both. In the Compustat

sample used for data moments, about 55 percent of observations saw positive capital sales. Among the

observations with positive capital sales, only 3.4 percent of them saw less than 1 percent of investment

capital, and no firms had zero investment. This suggests that half of firms in a typical year bought (likely

new) capital and sold (or retire) old capital, possibly to upgrade the capital quality. Since our model

abstracts from capital vintage, investment in the model is the net change of capital stock. Lastly, capital

sale in Compustat includes both sale and retirement of capital, but the two ways of shrinking capital

stock have rather different implications for modeling capital reallocation.

, instead of taking as reallocation the sum of acquisition and capital sale. The main reason is that our

model concentrates on the lumpiness of investment in used capital which resembles more like an acqui-

sition than small amount of capital sale. In addition, data show that acquisition and capital sale should

be modeled differently. In Compustat 1981-2004, on average, only 27 percent of firm/year sample has

positive acquisition while 42 percent of firm/year sample has positive capital sale. Acquisition indeed

as we model it displays a large lumpiness. Conditional on acquiring capital, the average acquisition to

capital stock ratio is 30 percent; while conditional on selling capital, the average capital sale to capital

stock ratio is only 2.7 percent.

Table 5 reports the investment and reallocation moments for manufacturing industries. In this table,

firm-level moments are computed as the averages of firm-level values. Investment rate is the average

of firm investment rates. Spike rate is the proportion of firm-year observations with an investment rate

larger than 20 percent. Inaction is the proportion of firm/year observations with an investment rate

less than 1 percent. Participation rate is the proportion of firm-year observations that have non-zero

acquired capital value. Aggregate moments are computed as the averages of annual aggregate moments.

For example, the aggregate reallocation rate (acquisition capital ratio) in each year is calculated as the

total value of acquired capital divided by the total value of capital in the entire industry. We then take the
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average of this ratio over the period 1981-2004. Firm-level moments are the average of the same moment

by individual firms. In the case of reallocation (acquisition), firms not acquiring capital from other firms

are considered to have zero acquisition and are counted in calculating the firm-level reallocation rate.

[Table 5 here.]

************************

6 Model Calibration

6.1 Parameter values

We choose parameter values for preference and production to target the moments of investment and

reallocation for U.S. firms. Table 1 summarizes the calibrated parameter values and targets. The discount

factor is set to β = 0.96, to match an annual real interest rate of 4 percent. The share of leisure in utility

is set to θ = 0.94, so that about 80 percent of the population participates in labor market. The decreasing

returns to scale of the firm’s production function is set as ν = 0.896, approximately the average of its

various estimates in Lee (2005). The Cobb-Douglas technology parameter is set to α = 0.7143, which

implies that the labor share in production is close to 0.64, as in Prescott (1986). The capital depreciation

rate is set to δ= 0.12, as calculated using the Compustat data.

We calibration the serial correlation and standard deviation of the firm-specific shocks, together with

adjustment cost parameters to jointly match the following moments: serial correlation of investment

rate, standard deviation of investment rate, average investment rate, average acquisition capital ratio,

and fraction of firms purchasing capital from the acquisition market.8 The resulted serial correlation

coefficient and standard deviation for firm-specific shocks are respectively 0.891 and 0.187. The standard

deviation is much smaller than the estimates based on plant level data in Cooper and Haltiwanger (2006).

The parameters of adjustment costs are γn = 0.271, γu = 0.167, and Φ= 0.012. The value of γn is within

the reasonable range of values as estimated in Cooper and Haltiwanger (2006) and Hall (2004).

8In the earlier version of the paper, we used the serial correlation and standard deviation of firm-specific shocks estimated by

Cooper and Haltiwanger (2006), where the authors use a sample of large U.S. plants, the Longitudinal Research Database (LRD)

1972-1988. Compustat data sample used in our paper spans from 1981 to 2004, and displays different values of investment

moments from the LRD 1972-1988 data.
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With the above serial correlation and standard deviation of shocks, we discretize the firm-specific

shock process into 17 state grids and form a Markov transition probability following the method of

Adda and Cooper (2003). The productivity signal q for entrants is drawn from a truncated exponential

distribution, Ω(q) = q̂(1− e−λq ), with q ∈ [ε,ε] and q̂ the scale parameter that makes Ω(q) a cumulative

distribution function. Here, ε and ε are respectively the minimum and maximum states of discretized

shocks. We set λ= 1.20 to match the average productivity of entrants relative to that of incumbent firms

(0.96), and set ψ = 0.27 to match the average employment size of entrants relative to that of incum-

bents (0.60). Both the relative productivity and relative employment size of entrants are documented in

Lee and Mukoyama (2010) for the U.S. plants.

The probability of exit is set to s = 0.055, as in Lee and Mukoyama (2010), to match the exit rate of

U.S. plants. We assume that 60 percent of firms that exit can choose to sell their capital in the acquisition

market, leading to ξ = 0.60. From 1986 to 2004, an average of 4 percent of firms were de-listed from

Compustat data set each year, of which close to 60 percent are the result of mergers and acquisitions.

[Table 1 here.]

6.2 Baseline results

Table 2 summarizes predictions of the baseline model, compared with the data moments. In this

table, the aggregate investment rates are ratios of total investment to total capital stock, while the average

investment rates are averages of firm-level investment divided by capital stock. The rate of investment in

used capital is for positive value of reallocation, consistent with acquisition in Compustat. The aggregate

output is measured as the total consumption plus total investment.

The results indicate that the model is fairly successful at matching firm-level moments. It predicts

a higher investment in used capital than that in Compustat. It also predicts a ratio of 12 percent for the

average investment in used capital to total investment–very close to that in Compustat. It is also con-

sistent with the ratio of 12 percent documented by Eisfeldt and Rampini (2007), using micro data from

the Annual Capital Expenditure Survey. For aggregate moments, the model generates numbers that are

roughly in line with the aggregate data. About 25 percent of capital formation is through the acquisition

of used capital from surviving and exited firms, a little larger than that in Compustat data. The aggregate
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investment in used capital is 4 percent of the aggregate capital stock, compared to less than 3 percent

in the data. The model predicts that 21 percent of surviving firms participate in the acquisition market,

fewer than the number in the data. The aggregate capital adjustment cost is 5 percent of total firm out-

put, which is roughly consistent with the estimate in Cooper and Haltiwanger (2006). In addition, the

capital-output ratio is 1.4, while the aggregate for the United States is 1.7.

It should be noted that the average share of investment in used capital in total investment is much

smaller than the aggregate share of investment in used capital because close to 80 percent of firms have

zero investment in used capital.

7 Reallocation and Productivity

Having calibrated the model, we now quantify the gains in labor productivity from the increased

reallocation of capital among firms as the result of an exogenous shock to the adjustment cost for used

capital. With decreasing returns to scale in the production function, it is not obvious that an increase

in reallocation would necessarily improve aggregate productivity. On the one hand, capital flowing to

more-productive (higher ε) firms makes them larger, and therefore aggregate productivity can increase

because the weight of more-productive firms increases. On the other hand, the average productivity of

capital may decline as a firm becomes larger, while the average labor productivity may increase if the

firm substitutes capital for labor.

Let Y and L be aggregate output and aggregate labor input, respectively. The aggregate labor pro-

ductivity is defined as

Yl =
Y

L
=

∫
y(ε,k)dµ(ε,k)∫
l (ε,k)dµ(ε,k)

,

where y(ε,k) is the firm’s output and l (ε,k) is the firm’s labor input. The improvement in aggregate

productivity can arise from changes in firm distribution and from changes in the output and labor input

of individual firms.

An alternative and extensively used measure of aggregate productivity is the (weighted) average labor

productivity, defined as

Yl =

∫
y(ε,k)

l (ε,k)
dµ(ε,k).
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Baily et al. (1992) and Foster et al. (2001) use this average measure to decompose productivity growth

into within-firm growth, between-firm growth, and contribution of entry and exit. In our model, after

plugging the optimal labor choice into the expression for average productivity, we obtain the firm-level

labor productivity as follows:
y

l
= w

αν
. The average labor productivity is then reduced to Yl =

w
αν

∫
dµ(ε,k).

Gains in productivity from increased reallocation across firms are determined by the equilibrium wage

rate and the firm distribution. The average labor productivity is always equalized in our model in equi-

librium, since there are no frictions in the labor market. The within-firm and between-firm components

in the decomposition by Baily et al. (1992) and Foster et al. (2001) are degenerate in our model to growth

in the wage rate. The contribution of changes in firm distribution to average labor productivity arises

from the increased number of firms and increased wage rate.

Before bringing our model to test in the data, we first conduct a counter factual experiment in which

we shut down the used capital market entirely, this allows us to quantify how important reallocation is in

the model economy. When capital reallocation is shut down due to high cost of reallocation, aggregate

output decreases by 2.2 percent and aggregate labor productivity drops by 3 percent. The decrease in

aggregate labor productivity arises because when capital reallocation is too costly, the demand for in-

vestment falls, leading firms to downsize and reduce their output. In addition, firms substitute labor for

capital. Thus, the ability to reallocate capital through the used capital market helps to increase labor

productivity and, in our model, this channel is quantitatively important.

7.1 Effects of reallocation cost in the 1980s

In this section, we examine to what extent increased capital reallocation contributed to growth in

aggregate labor productivity in 1980s. The experiment is conducted as follows. We choose the two years

(1984 and 1985) as the base year before the reallocation increased, and calculate the increase in reallo-

cation from the 1984-1985 average value to the 1986-1990 average value. We reduce the adjustment cost

of used capital in the model so that the resulted increase in the firm-level reallocation rate equals to that

increase shown in the data. The participation cost in acquisition market is also reduced so that the in-

crease in fraction of firms acquiring capital from used capital market matches that in the data. We then

calculate the increase in aggregate labor productivity resulted from reduced cost of reallocation. This

increased productivity in the model is compared to the increase in aggregate labor productivity from the
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1985-1986 average value to the 1987-1991 average value. This will allow us to find how much productiv-

ity growth in the data can be attributed to increased reallocation. Note that we assume that the effect

of increased reallocation on productivity has a one-year lag, for two reasons. First, reallocation can be

a long process in reality, hence its effect may be lagged. Further, this assumption is consistent with the

timing of reallocation in the model, i.e., firms purchase capital for production in one period later.9

In the mid-1980s, the United States experienced a wave of mergers and acquisitions. The annual total

value of all acquisitions rose from 3.1 percent of GDP in 1984 to 4.8 percent in 1988 (see Holmstrom and Kaplan,

2001). Nearly half of all U.S. corporations received a takeover offer in this period. During this period, a

large proportion of acquisitions were leveraged buyouts, with investment groups and managers borrow-

ing to buy back firm shares. After this wave of acquisitions, some firms went private. The Compustat data

for this period show that the average rate of investment in new capital declined and the average rate of

investment in used capital increased, as shown in Table 3. Between 1984 and 1990, the average realloca-

tion rate rose by 3.1 percentage points, from 7.3 percent in 1984-1985 to a 5-year average of 10.4 percent

in 1986-1990. Investment rate for new capital fell by 4.8 percentage points.10 Since many firms became

private and were delisted from Compustat over this period, the increase in the reallocation rate is likely

underestimated.11 Accompanying the increased mergers and acquisitions is the productivity growth.

From the period 1985-1986 to the period 1987-1991, aggregate labor productivity (ALP) increased by 8.6

percent, while aggregate capital productivity (ACP) rose by 1.6 percent.12

[Table 3 here.]

The intensified reallocation of capital in the late 1980s is attributed to stock prices that were low

relative to the cost of building new firm capacity. Expanding by taking over the capital of other firms

appeared less costly than building a new plant. Jensen (1993) takes the view that acquisitions in the

1980s were a reaction of capital market participation to corporate mismanagement of conglomerates.

9Assuming a two-year lag for the effect of increased reallocation gives similar results.
10Note that we use the average rates of firm-level investment and reallocation, not the aggregate rates.
11When plotting the firm-size distributions in 1985 and 1989, we find that the size distribution in capital shifted to the left

between 1985 and 1989.
12Productivity measures are historical data from manufacturing multifactor productivity tables by the Bureau of Labor Statis-

tics (BLS). Data can be downloaded at http://www.bls.gov/mfp/tables.htm. BLS productivity data use capital service instead

of capital stock, but BLS assumes that capital service is proportional to capital stock in calculating capital productivity. Capital

productivity in the model and in data is consistent since we look at the growth rate.
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In addition, the U.S. antitrust law was less strictly enforced during this period, which may also have

facilitated increased mergers and acquisitions (see Ravenscraft, 1987).

Mapping the model to these contributing factors suggests that the acquisition costs of used capital

decreased, causing an increase in reallocation activity among firms. Other changes, such as the increase

in aggregate TFP, do not appear to be important for increased reallocation. To quantify the effects of in-

creased reallocation, we take 1984-1985 as the base year, when reallocation is low, and take the period of

1987-1991 as the years when reallocation is high. The strategy is to reduce the cost of used-capital adjust-

ment to the extent that the model would predicts an increase in the firm-level average rate of reallocation

by 3.1 percentage points. Participation cost in used capital market is reduced in the same fashion so that

the model would predicts an increase in the fraction of firms buying (not selling) capital in used capital

market by 2.7 percentage points. Once the used capital adjustment cost and participation cost are re-

duced, gains in productivity are then calculated. The parameter values that meet these requirements are

γu = 0.699 and Φ = 0.046. With these values for the acquisition cost of used capital, the model predicts

that more firms now participate in the acquisition market, and that firms already in this market acquire

a higher fraction of used capital in total investment, as shown in Table 3. Following the cost decrease,

the average rate of investment in used capital increases by 3.1 percentage points, matching the increase

shown in the data. The fraction of firms buying capital from used capital market is slightly higher than

that in the data. Meanwhile, the resulted average rate of investment in new capital falls by 0.3 percentage

points.

Figure 3 shows how the policy function of firms shifts as the cost of investing in used capital falls. The

horizontal axis represents the current capital stock and the vertical axis represents the current realization

of productivity shock. Solid lines indicate areas where the two types of investment split for the baseline

model, and dashed lines indicate the splits when the cost of used capital falls. When the cost decreases,

more firms participate in the acquisition market; hence, investment in the acquisition market increases,

and investment in new capital decreases.

[Figure 3 here.]

Table 3 shows that the aggregate effects of increased reallocation at the firm level are significant.

Consistent with changes in the data, firm-level investment in new capital falls. Because capital becomes
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less costly to acquire, firms tend to increase their capital size and reduce their demand for labor. Indeed,

the average labor demand of firms decreases by 0.85 percent. Therefore, the capital-labor ratio increases.

With decreasing returns to scale in production technology, the output-capital ratio will decrease and

the output-labor ratio will increase if capital size is larger and labor demand is less. Aggregate labor

productivity increases by close to 1.7 percent, although the output-capital ratio falls by 1.2 percent. The

BLS data show that over the 1987-1991 period, aggregate labor productivity increased by 8.6 percent from

its 1985-1986 average value. Therefore, about 20 percent of the growth in labor productivity during the

1987-1991 period is attributable to the increased reallocation of capital across firms.

The sources of increased aggregate labor productivity are increased aggregate output and decreased

employment. We use the logarithm form of productivity to ease its decomposition, ∆ lnYl = ∆ lnY −

∆ lnL. Increased output accounts for 89 percent of productivity growth, while decreased labor input

accounts for 11 percent. The decreased cost of capital adjustment and of participation in the acquisi-

tion market make investment in used capital more appealing than investment in new capital, leading to

increases in both used-capital investment and total investment. This has several consequences. First,

consumption increases due to higher firm output and lower cost of capital, thus the measured aggregate

output (consumption and investment in new capital) increases. Moreover, less-costly capital adjustment

drives firms to substitute capital for labor, causing a decline in aggregate labor input. Second, changes in

the demand for capital and labor induce price changes. Both the equilibrium wage rate and the relative

price of used capital increase. The increased wage rate results from increased entry. When the adjust-

ment cost falls, the expected value of entry tends to increase and, hence, more firms enter the industry.

Competition among firms for labor input then raises the wage rate, which in turn tends to lower the

expected value of entry. Figure 4 shows the cumulative distribution of capital size in the baseline case

and in the experiment. In equilibrium, the expected value of entry does not change, so the free-entry

condition still holds.

[Figure 4 here.]

At the firm level, average labor productivity increases by 1.3 percent relative to the baseline value. In
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logarithm form, growth in average labor productivity is given by

∆ lnYl =∆ ln w +∆ ln

(∫
dµ(ε,k)

)
.

Using this decomposition, we find that 95 percent of the increase in firm-level productivity is accounted

for by the increased equilibrium wage rate, and the rest 5 percent is accounted for by the change of firm

distribution.

7.2 Reallocation and productivity in the 1990s

The same model can also help explain the growth in productivity during the merger wave of the late

1990s. In this section, we conduct a similar analysis of productivity growth due to increased reallocation.

Investment rate and reallocation rate in the base year are calculated as the average values of 1994-1995,

respectively. We examine how much the growth of aggregate labor productivity from the period 1995-

1996 to the period 1997-2001 is attributable to the increase in reallocation from the period 1994-1995

average to the period 1996-2000 average.

The U.S. economy experienced extraordinarily fast growth in the 1990s, accompanied by a wave of

mergers and acquisitions. The BLS data show that aggregate labor productivity rose by 18 percent be-

tween 1995-1996 and 1997-2001, as shown in Table 4, while aggregate capital productivity rose by merely

2 percent. During the same period, merger activities also increased. In 1999, the total value of assets

being reallocated through mergers and acquisitions reached a historically high level, at 15 percent of

the GDP. Table 4 shows that over the period 1996-2000, the average rate of investment in new capital

increased by 0.3 percentage points from that in 1994-1995, while the average rate of investment in used

capital rose by 7.9 percentage points.

[Table 4 here.]

To examine the productivity effects of increased capital reallocation, the same strategy is applied as

in the previous experiment, and the adjustment cost for used capital is changed to that at which the

model would generate an increase in average rate of used capital acquisition (from the baseline case) of

7.9 percentage points, the same magnitude displayed in the data. At the same time, participation cost
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is reduced so that in the model the fraction of firms buying (again not selling) capital from used capital

market rises by 4.9 percentage points. The values for the cost parameters that meet these requirements

are γu = 0.4975 and c f = 0.0454. Table 4 shows that, with the reduced adjustment cost for used capital,

aggregate labor productivity increases by 3.9 percent, accounting for 22 percent of its increase in the data.

Aggregate capital productivity decreases by 2.6 percent from the baseline case. Finally, decomposition

in logarithm form shows that close to 90 percent of labor productivity growth is due to increased output,

and only 10 percent is due to the shrunk labor input.

Aggregate capital productivity in both experiments declines, a result of the increase in capital input

with decreasing returns to scale in production function. This result appears to be inconsistent with the

data because capital productivity increases in the data. With a more careful look at the data, we find that

capital productivity growth is positive but very small in the data, and negative in some years during both

merger waves. Changes in capital productivity in both the model and the data are very small, relative to

growth in labor productivity.

8 Conclusions and future research

Given that some firms are more productive than others and some managers have better managerial

ability than others, it would be most efficient to have all capital and labor organized for production in the

most productive firms. In reality, both the production technology (returns to scale) and reallocation fric-

tions prevent capital and labor from flowing from less-productive firms to more-productive firms. These

frictions are not only informational and technical, but they can also be related to policy and institutions.

The model in this paper is another step toward quantifying the benefits of reducing these frictions. Our

analysis demonstrates that removing reallocation frictions boosts aggregate labor productivity. About 20

percent of the growth in aggregate labor productivity can be accounted for by increased capital realloca-

tion. This implies that government policies that facilitate reallocation would boost productivity.

Our model assumes the existence of persistent productivity shocks and a perfectly competitive labor

market. In equilibrium, all firms have the same labor productivity, which equals the equilibrium wage

rate. However, empirical evidence shows that labor productivity at the firm and plant levels is not equal

among establishments. This begs an extension to the current model to explain the dispersion of labor
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productivity across firms, and to investigate the contribution of worker reallocation to the growth of pro-

ductivity. This can be done either by assuming that firms differ in their ability to use the same workers,

or by introducing heterogeneous workers who have a different productivity or quality. At the aggregate

level, a gain in productivity arises either from the increased share of firms using workers more efficiently

or from increased worker quality.
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A Data

The U.S. data on investment and reallocation are from Compustat 1975-2011. Before 1975, the vari-

able on sales of capital was unavailable. We use the perpetual inventory method to obtain the capital

stocks in which we take into account changes in capital due to acquisitions.

For investment, we use the Compustat item CAPX, expenditures on property, plant and equipment

(PPE). This item excludes PPE of acquired firms. We use SPPE (funds received from the sales of PPE)

as the sales of capital. This item can include both the sales and retirement of capital. Another item

PPEVR is available to represent the retirement of capital, but discontinued after January 1997. For this

reason, we do not differentiate between capital sales and capital retirement in capital accounting. For

our purpose, investment in capital is defined as expenditures on PPE net the sales of PPE. We use the

item AQC to represent the addition to capital stock from the PPE of acquired firms. But AQC not only

includes acquired PPE but also can include other assets and long-term debt carried from the acquired

firms. Where we believe that it covers more than the amount of acquired PPE, we adjust the values of

AQC, by checking the consistency of the accounting of PPPE book values.

Capital stock. We follow the literature to calculate the replacement cost of capital stock using the per-

petual inventory methods based on Salinger and Summers (1983). Let Ki j t be the capital stock of firm i

in industry j at year t , and let Ii j t be the firm’s investment in capital. The perpetual inventory method is

as follows

Ki j ,t = (1−δ j )

(
Pt

Pt−1
Ki j ,t−1+ Ii j ,t

)
,

where δ j is the depreciation rate of capital in industry j . The recursion is initiated using the firm’s book

value of PPE in the year of 1975. To calculate the depreciation rate of capital for the 2-digit SIC industries,

we first obtain the useful life of capital at the firm level, denoted as

Table 5 reports the investment and reallocation moments for manufacturing industries. In this table,

firm-level moments are computed as the averages of firm-level values, e.g., investment rate is the average

of firm investment rates. Spike rate is the proportion of firm-year observations with an investment rate

larger than 25 percent. Cooper and Haltiwanger (2006) define an investment spike if investment rate is

larger than 20 percent. But in their plant-level sample, the average investment rate is 12 percent, smaller
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than the 17 percent of our average investment rate. Inaction is the proportion of firm/year observations

with an investment rate less than 1 percent. In the case of reallocation (acquisition), firms not acquiring

capital from other firms are considered to have zero acquisition and are not counted in calculating the

firm-level reallocation rate. Aggregate moments are computed as the averages of annual aggregate mo-

ments. For example, the aggregate reallocation rate (acquisition capital ratio) in each year is calculated

as the total value of acquired capital divided by the total value of capital in the entire industry. We then

take the average of this ratio over the period of 1980-2005.

[Table 5 here.]

A.1 Sample selection

We use Compustat data item capx for capital investment,

B Proofs

B.1 Derivation of threshold value of investment rate ĩ

The firm chooses xu = 0 if

i+
γn

2
i 2

≤ min{i−iu+puiu+
γn

2
(i−iu)2

+
γu

2
i 2

u+Φ, pui+
γu

2
i 2
+Φ}.

Let ĩ be the total investment rate at which the firm is indifferent between xu = 0 and (xn 6= 0, xu 6= 0),

then ĩ = 1
γn

(pu−1±
√

2Φ(γn+γu)). That is, the firm chooses xu = 0, investing only in new capital when

i ∈

(
1

γn
(pu−1−

√
2Φ(γn+γu)),

1

γn
(pu−1+

√
2Φ(γn+γu))

)
. (B-1)

Another threshold interval of total investment rate can be derived by comparing the cost of (xn =

0, xu 6= 0) and the cost of (xn 6= 0, xu = 0). If the firm chooses xu = 0, then we have pui+
γu

2
i 2+Φ> i+

γn

2
i 2.

Then, if

i ∈

(
1

γn−γu
(pu−1−

√
(pu−1)2+2Φ(γn−γu)),

1

γn−γu
(pu−1+

√
(pu−1)2+2Φ(γn−γu))

)
, (B-2)
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the firm would choose xu = 0 over xn = 0.

As shown below in the proof of Proposition 1, the cost of choosing (xn = 0, xu 6= 0) is always larger

than the cost of choosing (xn 6= 0, xu 6= 0), suggesting that on the right hand side of (B-1), (pui+
γu

2 i 2+Φ)

is redundant. Therefore, the threshold interval (B-2) is also redundant.

B.2 Proof of Proposition 1

Proof. Note that total investment rate is non-zero, meaning that xu 6= 0 if xn = 0. For the proposition

to hold, it suffices to show that the total cost of choosing xn = 0 is always higher than that of choosing

(xn 6= 0, xu 6= 0) or (xn 6= 0, xu = 0),

pui+
γu

2
i 2
+Φ> max{i − iu +puiu +

γn

2
(i − iu)2

+
γu

2
i 2

u+Φ, i+
γn

2
i 2}.

First we show that the cost of choosing xn = 0 is greater than the cost of choosing (xn 6= 0, xu 6= 0). The

difference between these two costs is

pui+
γu

2
i 2
−[i−iu+puiu+

γn

2
(i −iu)2

+
γu

2
i 2

u]

=
1

γn+γu
(γui−1+pu )2

≥ 0, (B-3)

where in the second line the optimal iu =
1

γn+γu
(γni +1−pu) is used. This positive difference of invest-

ment costs between the two cases implies that, for any non-zero investment rate, the firm never chooses

xn = 0 over (xn 6= 0, xu 6= 0). It should also be noted that (B-3) holds even when pu < 1.

Next, we show that the firm does not choose xn = 0 over (xn 6= 0, xu = 0). For small investment rates

located in the threshold interval (B-1), the firm chooses (xn 6= 0, xu = 0) over (xn 6= 0, xu 6= 0). By (B-3),

choosing (xn 6= 0, xu 6= 0) is always less costly than xn = 0. Therefore, the firm does not choose xn = 0

over (xn 6= 0, xu = 0). For investment rates outside the threshold interval, the firm chooses (xn 6= 0, xu 6= 0)

over (xn 6= 0, xu = 0) and xn = 0. This suggests that the firm does not choose xn = 0 when investment is

non-zero.
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Figure 1: Illustration of Proposition 1.
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Figure 2: Optimal split between used and new capital
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Table 1: Parameter value calibration

Parameter Description Value Target Model

β discount factor 0.96 interest rate (4%) 4%

θ labor disutility 0.97 labor force participation rate (0.80) 0.82

ν production return to scale 0.896 Lee (2005)

α labor share in production 0.714 labor share in aggregate output (0.64) 0.62

δ Capital depreciation rate 0.124 Compustat

ρε serial correlation of shocks 0.45 serial correlation of investment rate (0.16) 0.17

ση standard deviation of shocks 0.349 std. dev. of investment rate (0.24) 0.14

λ distribution of signal for entrants 0.759 relative productivity shock of entrants (0.96) 0.90

ψ fixed entry cost 0.225 relative employment size of entrants (0.6) 0.63

s exit rate 0.055 Lee and Mukoyama (2010)

ξ exited firms sold in acquisition market 0.60 Compustat 1981-2004 0.60

γn adjustment cost for new capital 0.475 average investment rate in new capital (0.16) 0.15

γu adjustment cost for used capital 0.465 average investment rate in used capital (0.22) 0.25

Φ participation in used capital market 0.006 fraction of firms investing in used capital (0.25) 0.27

Table 2: Baseline model moments compared with data moments

Model Data

Firm-level moments

Average rate of investment in new capital 14.57% 15.65%

Average acquisition-capital ratio 25.42% 22.30%

Aggregate moments

Aggregate rate of investment in new capital 11.77% 10.44%

Aggregate rate of investment in used capital 4.87% 4.32%

Share of investment in used capital in total investment 31.90% 25.70%

Participation in acquisition market 27.16% 25.40%

Relative productivity shock of entrants 0.90 0.96

Relative employment size of entrants 0.62 0.60

Aggregate output-capital ratio 0.82 -

Aggregate output-labor ratio 1.32 -

Table 3: Changes in reallocation and productivity growth: 1980s

Average

investment

rate

Average

reallocation

rate

Participation

rate

ACP ALP Aggregate

output

Aggregate

labor

% point % point % point % % % %

Data -2.68 2.25 2.32 1.58 8.60 9.40 0.72

Model -0.00 2.24 2.33 -0.38 0.51 0.45 -0.07

35



Table 4: Changes in reallocation and productivity growth: 1990s

Average

investment

rate

average

reallocation

rate

Participation

rate

ACP ALP Aggregate

output

Aggregate

labor

% point % point % point % % % %

Data -0.82 3.07 5.64 2.00 18.02 16.96 -0.75

need to

update

data mo-

ments

from

latest do

files

Model 0.11 3.09 5.68 -0.63 0.87 0.77 -0.09

Table 5: Investment and reallocation in Compustat 1981-2004

Moments Firm-level Aggregate

Average investment rate (%) 19.01 10.93

Fraction with investment rate > 25% (%) 23.79 -

Fraction with investment rate < -25% (%) 1.61 -

Fraction with investment rate >-1% and <1%

(%)

3.65 -

Fraction with negative investment (%) 8.16 -

Serial correlation of investment rates 0.177 0.66

Standard deviation of investment rates 0.29 -

Average acquisition/capital ratio 21.54 3.50

Fraction of firms with acquisition 23.68 -
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Table 6: Summary statistics of investment, compared with Cooper and Haltiwanger (2006)

Moments Compustat

1975-1988

LRD

1972-1988

percent percent

Average investment rate 15.92 12.20

Fraction with investment rate >

20%

26.83 18.6

Fraction with investment rate <

-20%

3.27 1.8

Fraction with investment rate

>-1% and <1%

5.37 8.1

Fraction with negative investment 13.50 10.4

Serial correlation of investment

rates

0.057 0.058

Standard deviation of investment

rates

0.283 0.337
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