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Abstract

What are the determinants of firms’ market value? We incorporate quasi-fixed labor and in-
tangible capital inputs into the neoclassical model of investment, and estimate the contribution
of each input for explaining firms’ market value. Using the generalized method of moments,
we estimate that, on average, physical capital accounts for 55% of firms value, installed labor
force accounts for 20%, and installed intangible capital accounts for the remaining 25%. What
explains these empirical findings? In contrast to conventional wisdom, we show that labor in-
puts are costly to adjust: we estimate that, on average, total labor adjustment costs represent
about 4% of firms’ annual sales, about half the value that we estimate for physical capital. In
addition, total intangible capital adjustment costs represent about 2% of firms’ annual sales.
Thus the three capital inputs are costly to adjust which explains why the market assigns a large
and positive value to the installed stocks of the different capital inputs. We also characterize
the time-series and business cycle of properties of the market value of each capital input. We
find that the value of labor is more volatile and procyclical than the value of the remaining
inputs suggesting that understanding the determinants of the value of labor input is important
for understanding the dynamics of firm value.
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1 Introduction

The market value of corporations is determined by the value of all of its installed capital inputs. In
the modern economy, a firm is a complex entity composed of several heterogenous types of capital.
Naturally, a firm’s market value depends partially on the value of its installed physical capital stock
such as machines and plants. In addition, if it is costly to hire and train employees, the value of
a firm should also reflect the value of its labor force. Finally, when it is costly to develop effective
production practices (knowledge capital), create a brand name, or expand a firms’ customer base,
the value of the firm should also includes the value of these intangible capital stocks. In this paper,
we extend the standard model of investment (g-theory) and use the generalized method of moments

(GMM) to quantify the relative importance of the different capital inputs for firm value.

We incorporate quasi-fixed labor inputs and intangible capital inputs into the neoclassical model
of investment and estimate the value of each installed capital input via structural estimation.
The basic intuition from the model that we use to decompose the value of the firm follows from
standard g-theory. At the optimum, firms invest in each capital input until the marginal benefit
of an additional unit of capital equals the present value of the benefits. As such, from the optimal
investment decision of the firm, we can infer the shadow price of each capital input. Given data on
the stock of each capital input across firms, we can then evaluate the value of each installed capital

input as the product of the shadow price and the corresponding stock variables.

Our economic question is important. In asset pricing, unlike expected returns, valuation is
virtually a virgin territory. Reflecting on the surprising lack of valuation research, Cochrane (2011,
p. 1063) writes: “[W]e have to answer the central question, what is the source of price variation?
When did our field stop being ‘asset pricing’ and become ‘asset expected returning’? Why are betas
exogenous? A lot of price variation comes from discount-factor news. What sense does it make to
‘explain’ expected returns by the covariation of expected return shocks with market market return

shocks? Market-to-book ratios should be our left-hand variable, the thing we are trying to explain,



not a sorting characteristic for expected returns (original emphasis).” We address this question.

Our estimation procedure is as follows. Under constant returns to scale, the weighted average
of stock returns and bond returns equals the weighted average of physical investment return, labor
hiring returns, and intangible capital investment returns. In addition, firms’ Tobin’s @ (the market
value of equity and debt divided by the replacement value of total assets) is linked to the marginal
benefits of investment in the three capital inputs. We use GMM to match the observed average

stock returns and average Tobins’ () with the corresponding moments implied by the model.

Our main empirical findings can be summarized as follows. On average, physical capital accounts
for 55% of firms’ market value, the installed labor force accounts for 20%, and intangible capital
accounts the remaining 25%. The relative importance of physical capital for valuation partially
explains the success of the one-capital-good neoclassical model in matching asset pricing facts (e.g.,
Liu, Whited and Zhang, 2009). The quantitative importance of the other capital inputs, however,
also makes it clear that a full understanding of the determinants of hiring decisions as well as intan-

gible capital investment is necessary to fully understand the determinants of firms’ market value.

What explains our empirical findings? We show that the three capital inputs that we consider
are subject to economically large adjustment costs, which mean that these installed capital stocks
are valued in the stock market. At the heart of the investment model is the notion that the
capital inputs are costly to adjust. For example, if labor can be freely adjusted and labor markets
are perfectly competitive and frictionless, labor inputs are paid their marginal product, and firm
managers do not extract any rents from labor. In this case, labor hiring decisions are not forward
looking (as in a standard capital stock variable) and labor inputs are chosen every period to equate
the one period marginal benefit to the one period marginal cost (wage). As a result, the stock of
installed labor force does not contribute to the firms’ market value. On the other hand, if it is costly
to adjust labor inputs (e.g. due to cost of training and hiring, or due to search frictions) then the

firms’ market value will reflect the value of its installed labor force. A worker inside the firm is a



valuable input because, in addition to contribute to the production of output, it avoids adjustment

costs in the future. The same logic applies to the other capital inputs like intangible capital.

Our empirical result show that, in contrast to conventional wisdom (e.g., Hall, 2004) but consis-
tent with Merz and Yashiv (2007), it is costly for a firm to adjust its labor force. In particular, we
estimate that a firm’ annual labor adjustment costs represent on average about 4% of total annual
sales. Although smaller than total physical capital adjustment costs (about 8% of total annual
sales), this value is economically large. Similarly, our results suggest that it is costly to adjust the
stock of intangible capital. Our estimates show that a firm’ intangible capital adjustment costs

represent on average about 2.5% of total annual sales.

A large literature on labor demand and investment investigates the importance of capital and
labor adjustment costs to explain investment and hiring dynamics.! The estimated economic mag-
nitude of adjustment costs is subject to debate. For example, Shapiro (1986) shows that large
estimates of labor adjustment costs are important to match investment and hiring dynamics (for
non production workers, but not for production workers). Merz and Yashiv (2007) consider the pro-
duction decision problem of an aggregate representative firm, and find that adding labor adjustment
costs substantially improves the fit of the model in matching the time series properties of aggregate
stock market prices. Hall (2004), however, estimates both capital and labor adjustment costs to be
negligible at the two-digit SIC industry level. We add to this literature by using stock market data
(both firm value and stock returns) and structural estimation. In addition, we use a portfolio-based

approach that mitigates the measurement error issue that generates problems in this literature.

Our paper is also related to the asset pricing literature on intangible capital and firm risk.

Eisfeldt and Papanikolaou (2010) show that firms with more organizational capital are riskier than

!See, for example, on capital: Cooper and Haltiwanger (1997), Caballero, Engel and Haltiwanger (1995), Cooper,
Haltiwanger and Power (1999) and Cooper and Haltiwanger (2003); on labor: Hamermesh (1989), Bertola and
Bentolila (1990), Davis and Haltiwanger (1992), Caballero and Engel (1993), Caballero, Engel and Haltiwanger (1997),
Cooper, Haltiwanger and Willis (2004); on joint estimation of capital and labor adjustment costs Shapiro (1986),
Galeotti and Schiantarelli (1991), Hall (2004), Merz and Yashiv (2007) and Bloom (2008). Bond and Van Reenen
(2007) survey the literature and Hamermesh (1993) reviews a set of direct estimates of the labor adjustment costs.



firms with less organizational capital. Hansen, Heaton, and Li (2004) study the risk characteristics
of intangible capital. Li and Liu (2010) and Vitorino (2011) study the importance of intangible
capital in a g-theory model via structural estimation. We extend their work by considering a more
general model that includes not only intangible capital, but also frictions in the labor inputs. This
extension is important to obtain a more accurate assessment of the contribution of each capital in-
put for firm value. Chen, Lakonishok, and Sougiannis (2001) documents a positive relation between
R&D intensity and firms’ future stock returns, and Li (2007) shows that this positive relation is

only present in R&D intensive firms.

The theoretical approach in this paper is related to the work of Merz and Yashiv (2007) who
builds upon earlier work of Cochrane (1991). Merz and Yashiv consider an aggregate representative
firm in a setup in which, as in our model, the firm faces adjustment costs in both capital and labor
and focus on the estimation of the production and adjustment cost function. We extend Merz and
Yashiv setup to the cross section, and by also including intangible capital. Extending the model to

the firm level allows us to use not only time-series data but also cross-sectional data.

2 The Model of the Firms

This section describes the g-theory framework that we use to decompose the value of a firm. Time
is discrete and the horizon infinite. Firms choose costlessly adjustable inputs each period, while
taking their prices as given, to maximize operating profits (revenues minus the expenditures on
these inputs). Taking these operating profits as given, firms optimally choose physical capital and

intangible capital investment, hiring and and debt to maximize the market value of equity.
2.1 Technology

The operating profits function for firm ¢ at time ¢ is II;; = TI(Ky, Nig, Ui, Xit), in which Ky
is physical capital, U; is the stock of intangible capital, N; is the number of employees, and

Xt is a vector of exogenous aggregate and firm-specific shocks. We assume that the firm



has a Cobb-Douglas production function with constant returns to scale, meaning that Il; =

K01l /0Ky + N0l /ON;y + Uy Ol /OUy .
Physical capital depreciates at an exogenous rate of 5f§ , which is firm-specific and time-varying;:
Kirr1 = Iif + (1 0;) K, (1)
in which I ft( is investment. Similarly, the law of motion for the stock of intangible capital is given by:
Uity1 =I5 + (1 — 67 )Us, (2)

in which ¥ is the intangible capital depreciation rate, and I7 is the firm’s expenditures in intangible

capital. Finally, the firm’s labor force evolve as:
Nitt1 = Hy + (1 — 6} ) Nit, (3)

in which 6% is the employee quit rate and Hj; is the firm’s gross hiring.
Firms incur adjustment costs when investing. The augmented adjustment costs function, de-
noted Cy = C (Ift{ , K, Hyy, Ny, Ii[tj ,Uit), is increasing and convex in investment/hiring, decreasing

in the capital stocks, and has constant returns to scale. We consider the following functional form:

1 IEN\™® 1 ITN"Y 1 Hi \"Y
it = — ; Ky + — it it + — - it Nit
Cit T/K<0KKi> t—l—yU <0UUZ'> Ut+l/N<9NNZ-> Wit Nit

in which W;; is the wage rate, which the firm takes as given, 0k ,0y,0x > 0 are the slope adjust-
ment cost parameters, and vg,vy,vy > 1 are the curvature adjustment cost parameter. Labor

adjustment costs as proportional to the firms’ wage bill, as in Bloom (2009).
2.2 Taxable Profits and Firm’s Payout

We allow firms to finance investment with debt. At the beginning of time ¢, firm 4 issues amount of
debt, denoted Bj;4+1, which must be repaid at the beginning of time ¢ + 1. Let 7’5 denote the gross

corporate bond return on Bj;;. We can write taxable corporate profits as operating profits minus



depreciation, adjustment costs, and interest expense: Il; — I Z[tj — Wit Ny — 5f§ Ky —Ciy— (ri]f —1)By;.

Let 7;; be the corporate tax rate. We define the payout of firm i as:

Dy = (1 —7y)[y — Cy — I — WiNu] — If + Buyr —rE Bi + 7005 Ky + 7o(rf — 1)By,  (4)
in which Ttéff K is the depreciation tax shield and Tt(Tg — 1)Bjy; is the interest tax shield. Ad-
justment costs are expensed, consistent with treating them as foregone operating profits.

2.3 Equity Value and Stock Returns

Firm ¢ takes the stochastic discount factor, denoted M1, from period ¢ to ¢t + 1 as given when

maximizing its cum-dividend market value of equity:

o
Vi = max E, ZMtJ,-AtDiH—At , (5

{I§+At7Kit+At+17Ig+At7Uit+At+l7Hit+At7Nit+At+l7Bit+At+1}vot:0 At=0
subject to a transversality condition given by limp_, o Et[My7Bityr+1] = 0.

Let Py = V;y — Dy be the ex-dividend equity value. Firms’ value maximization implies that:

Pit + Bity1 = ¢ Kigy1 + ¢ Nigr1 + ¢4 Ui i1, (6)
in which
IK vig—1
PR .
t
H vy—1
W = - () Q
¢

@i = (1-m)
it

vy—1
1+ 67 AN (9)
U \U

The variables qift{ , qﬁf , and qf{ measure the shadow prices of physical capital, labor force, and in-
tangible capital, respectively. These prices are a function of the investment rates, and allow us to

infer the value of each capital input in the data.
In addition, the first-order conditions imply that FEy[M;417} al =1 Ey[ M7y 1) = 1and
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Ey[Myqrf +1) = 1, in which rl 1 rd 41, and ri 11, are the physical capital investment return, intan-

gible capital investment return, and labor hiring return, respectively. These returns are defined as:

K VK
(1 —7¢11) [OéK }2’5:1 + Vf: <9K[I<i:£11> ] + 65 1T
15 \VET
et ()]
Tit41 = 3 1K vi—1
1 + (1 — Tt)HKK (Kl—:t>

Yitt1 v 1 I'[{+1 v
— z Uu— A
(1 =7e41) jav Uit41 T vy Ou Uit41

1+07Y Ii[{+1 vt
U Uit +1

+(1 —5i[§+1)

(10)

(1= 07) (1 = Ty4)

U —
Titp1 = PN (11)
(1) [1+ (0 7t) ]
Y —1 Hity1 )"V
(1= ren) [ow st + 452 (Ovee)  — Wl
H; YN
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Tit+1 = oo (H PN (12)
(1 -7 ()

The first-order condition with respect to Bji1 implies that Et[MtHrgil] = 1, in which
rBe, = rB — (rB., — 17441 is the after-tax corporate bond return. Let 75, = (Puyy1 +

Dji4+1)/ Py be the stock return and x;; = Biji+1/(Pi + Bi+1) be the market leverage. De-
fine ,uft( = qi{f K11/ (P + Bji1+1) as the value-weight of physical capital in the firm value, and
,uf-;f = qﬁf Nit11/ (Pt + Bjt+1) as the value-weight of labor value. Let the asset return, denoted
7’£ 11), be the value-weighted average of physical capital investment returns, intangible capital in-

vestment returns, and hiring returns:

A _ K. N._H K N\.U
Tite1 = Mit Tig1 T M Titer + (0 — fig — pg )iz - (13)

Using a similar argument as in Liu, Whited, and Zhang (2009, Appendix A), we can show that
the asset return is equal to the leverage-weighted average of the stock return and the after-tax

corporate bond return:

A B s
Titr1 = XatTitg1 T (1= Xae)Tizg1- (14)



Rearranging terms, equation (14) implies that the stock return equals the levered asset return:

A Ba
S Tit+1 — XatTit41 (15)

Tit+1 = 1—
K3

Equations (6) and (15) express the firm’s market value and stock return as functions of firm
characteristics, respectively. These two equations provide the key testable predictions that we
explore empirically. To a first approximation, stock returns can be seen as the first-difference of
firm value (e.g., Cochrane (1991)). Examining equations (6) and (15) simultaneously allows us to

evaluate the fit of the model both in levels and in first differences.

3 Econometric Methodology

We provide the moment conditions that we test via GMM, and describe the sample construction.
3.1 Moment Conditions

Equation (6) links firm value to the value of its capital inputs. Because firm value is not stationary,
it is necessary to scale this variable for estimation. Dividing both sides of equation (6) by the firm’s

total assets (A;;), we obtain the firm’s valuation ratio (Tobin’s Q, Q;; = (Pit + Bit+1) /Ai) as:

K; N; U;
K it+1 N LVit+1 U Yit+1
Q; ] LI + gt . 16

it ;¢ A i ;¢ A it q;t A i ( )

To estimate the model, we test if the average Tobin’s () observed in the data equals the average

@ predicted in the model:

B |Qu - (af S5t a4 i) <o (17)

in which the qi[t( , qﬁ[ , and qg are given by equations (7), (8), and (9), respectively.

We also test if the average stock return in the data equals the average levered asset return in



the model:
A Ba
r — YT
E 7"54.1 _ zt—i—ll XitTit+1 —0. (18)
— Xit
in which 74 41 is given by equation (13).
Although equations (6) and (15) are exact relations, measurement errors in variables are likely to

invalidate them in practice (e.g., Cochrane (1991) and Erickson and Whited (2000)). To construct

a formal test of the moment conditions, define the model errors from their empirical moments as:

Q _ g o xkKitrr | nNiyr | Ui 19
€; - T |:Qlt <Q’Lt Ait +Q’Lt Ait +qzt Ait ) ( )
Ba
— vy
ef{ = FEp rgiﬂ zt-i-ll XitTit+1 (20)
— Xit

in which Er [] is the sample mean of the series in brackets. We call eiQ the valuation error and el
the return error. The key identification assumption for estimation and testing is that both model

errors have a mean of zero. This assumption seems standard in most Euler equation tests.
3.2 Estimation Method

We estimate the model adjustment cost parameter O, 0n, 0y, and v, vy, vy, as well as the total
share a = ax +ay+ay using one-stage GMM to minimize a weighted average of eiQ, a weighted av-
erage of eZR, or a weighted average of both eiQ and ef%. When valuation and the stock return moments
are estimated separately, we use the identity weighting matrix in one-stage GMM to preserve the
economic structure of the testing portfolios. However, the valuation errors, eZQ, can often be larger
than the return errors, ef, by an order of magnitude. As such, when we estimate the stock return
and Tobin’s () moments simultaneously, we adjust the weighting matrix such that the weights for
different sets of moments make their model errors comparable in magnitude as in Belo, Chen and

/22

which eiQ is the portfolio i’s valuation error obtained from estimating only the valuation moments,

Zhang (2011). Specifically, we multiply the valuation moments by a factor of . el-Q ek|, in

and elR is the portfolio 7’s return error obtained from estimating only the return moments. In most

10
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eZQ is about 0.10. When conducting inferences, we use a standard

of our applications, .

/i

Bartlett kernel with a window length of five to calculate the optimal weighting matrix. To test

whether all of the model errors are jointly zero, we use Hansen’s (1982, lemma 4.1) x? test.

To reduce the impact of measurement error, we perform the estimation at the portfolio-level,

following the approach in Liu, Whited and Zhang (2009).

Once we estimate the parameters of the model, we can compute the fraction of firm value that

is attributed to each capital input as follows:

K
K G Kit1

it = (21)
" a5 Kit1 + ¢ Nip1 + ¢ Ui
N
Wy = @it Nit+1 (22)
' aX K1 + ¢ Nis1 + ¢ Ui
U,
T it Vit+1 (23)

g Kt + ¢ N1 + ¢ Ui

3.3 Data

Our sample consists of all common stocks on NYSE, Amex, and Nasdaq from 1976 to 2008. The
firm-level data are from the Center for Research in Security Prices (CRSP) monthly stock file and
the annual Standard and Poor’s Compustat files. We delete firm-year observations with missing
data or for which total assets, gross capital stock, or sales are either zero or negative. We include
only firms with fiscal year ending in the second half of the calendar year. We also exclude firms
with primary standard industrial classifications between 4900 and 4999 and between 6000 and 6999

because g-theory is unlikely to apply to regulated or financial firms.
Intangible Capital Stock

We measure the intangible capital stock as follows. Investment in intangible capital given by
the R&D expenditures (compustat data item XRD), following Li and Liu (2010). Following

the literature on intangible capital, we then construct the stock of intangible capital from past

11



expenditures data and using the perpetual inventory method:?
Upr= (1= U, + 17 (24)

To implement the law of motion in equation (24) we must choose an initial stock and a depreciation

rate. Using the perpetual inventory method, we choose the initial stock according to:

Iy
gv +46v"

U =

where IOU is the firms’ investment in intangible capital in the first year in the sample. For the
three intangible capital stocks, we use a depreciation rate of 20%. We choose gV to match the
average growth rate of the investment in intangible capital, which in our sample is about 10%. The
intangible capital investment rate is then given by the ratio of the current period investment and

the beggining of the period corresponding intangible capital stock I /Uj.
Labor and Physical Capital

The labor market data on wage rate and labor separation rate is not available at the firm level
(the firm level wage bill data in COMPUSTAT is missing for more than 80% of the firms on our

sample). We measure these variables at the industry level.
Wage per Worker

We measure W;; using annual data from the Bureau of Economic Analysis (BEA), GDP-by-Industry
accounts. We compute the industry level (annual) wage rate per worker as the ratio of the total
compensation of employees (which includes wage and salary accruals and supplements to wages
and salaries) to the total number of full time employee in the industry. This data is available at
the 2 digits Standard Industry Classification (SIC) level and is available from 1949 to 1997. From

1987 to 2006, this data is available at the 2 digits North American Industry Classification (NAICS)

2See also Lev et al (1999), Papanikolaou and Eisfeldt (2010), and Li and Liu (2010) for similar applications. The
Bureau of Economic Analysis uses a similar methodology to construct a stock of Research and Development capital,
see Sliker (2007).
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level. We assign the industry level annual wage rate to the firm level using the firm level SIC code
(before 1987) and the firm level NAICS code (after 1987) reported in COMPUSTAT (whenever

available) or in CRSP.
Employee Separation Rate

We measure annual employee separation rate 5% using data for 16 major industry groups based on
NAICS codes from the Job Openings and Labor Turnover Survey (JOLTS) available from the Bu-
reau of Labor Statistics (BLS). Because this data is only available since 2001, we proceed as follows.
First, for each major industry group we compute the average annual labor separation rate over the
period from 2001 to the present. Then, we assign this average value to each firm in our sample for
the entire period, using the firm level NAICS code. This procedure thus allows us to capture some
heterogeneity in the employee separation rate across industries, but it does not capture variation
over time. Since there is no NAICS data in Compustat before 1985, we convert the NAICS code

into a SIC code in order to assign the labor separation data to the firm level for this earlier period.

The physical capital stock, Ky, is net property, plant, and equipment (Compustat annual item
PPENT), and investment, I, is capital expenditures (item CAPX) minus sales of property, plant,
and equipment (item SPPE). The capital depreciation rate, 5f§ , is the amount of depreciation (item

DP) divided by capital stock.
Additional Variables

Total debt, Bji11, is long-term debt (item DLTT) plus short term debt (item DLC). The market
value of equity, Py, is the closing price per share (item PRCC_F) times the number of common
shares outstanding (item CSHO). We measure the tax rate, 7, as the statutory corporate income
tax (from the Commerce Clearing House, annual publications). For corporate bond return, 7’5 1
we first follow Blume, Lim, and Mackinlay (1998) to impute the credit ratings for firms with no
rating data from Compustat (item SPLTICRM), then assign the corporate bond return for a given

credit rating (from Ibbotson Associates) to all firms with the same rating, and finally compute the

13



equal-weighted corporate bond returns from July of ¢ to June of year ¢+ 1 for each testing portfolio.
The after-tax bond return, rﬁil, is computed from ri]f 1 using the average of tax rates in year ¢
and t + 1 to deal with timing mismatch. The labor stock, N, is number of employees (item EMP)
adjusted by the Consumer Price Index (CPI). Stock variables subscripted ¢ (¢ 4+ 1 for debt) are
measured and recorded at the end of year t, while flow variables subscripted ¢ are measured over
the course of year ¢t and recorded at the end of year t + 1. All variables are expressed in real terms

by adjusting by the CPIL.

3.4 Summary Statistics

To be added

4 Estimation Results

To be added

5 Conclusion

To be added
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