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1 Introduction

Investment-based asset pricing models that equate stock returns to returns on capital

investment have received considerable attention in the finance literature.1 Return on

capital investment consists of the marginal benefit and marginal cost of investing a unit

of capital. Given expected future marginal benefits, investment and future stock returns

should negatively co-vary over time because, when discount rates fall, the hurdle rate on

investment falls and firms increase their investments. The implication for cross-sectional

asset pricing is that an investment factor emerges which Xing (2008) contended is similar

to the value factor suggested by Fama and French (1992, 1993,1996). Chen and Zhang

(2008) found that two neoclassical factors, the investment factor and the productivity

factor, when combined with the market factor, can explain various anomalies in the

financial markets.

This paper examines how stock returns are affected by firms’ investment relative to

their cash holdings assuming cash lowers transaction costs and helps firms to catch fu-

ture investment opportunities. We study whether basing factors on investment relative

to cash causes common variations in cross-sectional stock returns. We break the tradi-

tional investment factor into two components–investment relative to non-cash capital and

investment relative to cash capital–because investment will vary with the availability of

internal funds, rather than just with the availability of projects with positive net present

value (see Fazzari, Hubbard and Petersen, 1988; Kamplan and Zingales, 1997). High

levels of investment signal low future returns and, if firms do not have sufficient cash

to cover transaction costs at the same time, future returns will be even lower. On the

other hand, low investment, coupled with sufficient cash in the firm will reinforce future

returns. Thus, investment relative to cash should be a determinant in cross-sectional

1A small list of related studies includes Cochrane (1991, 1996), Restroy and Rockinger (1994), Abel
and Eberly (1994), Jermann (1998), Zhang (2005), Balvers and Huang (2007) and Jermann (2008)
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asset returns .2

We first present a model that formalizes previous intuition. When profit-optimizing

firms choose cash to lower transaction costs and capture good investment opportunities

(Baumol, 1952; Miller and Orr, 1966; Opler, Pinkowitz, Stulz and Williamson, 1999;

Bates, Kahle and Stulz, 2007), stock return is the weighted average of return on physical

capital and return on cash capital. The weight on physical capital is significantly larger

than that on cash capital; consequently, the stock return is driven by return on physical

capital investment, and we find that holding cash increases return on physical capital.

Following Fama and French (1996), we then construct portfolios using firms’ market

capitalization, investment to non-cash capital(I/P ratio) and investment to cash capi-

tal(I/C ratio). All stocks are divided into three groups based on I/C and two groups

based on size. Our cash investment factor (INVC) is the difference between the two low

I/C portfolios and the two high I/C portfolios. The physical capital investment factor

(INVP) is constructed in the same way. Because the cash investment factor (INVC) may

share a common trend with the physical capital investment factor (INVP), we regress

INVC on INVP to remove the possible trend. 3 We argue that, breaking traditional

investment factors into physical capital investment and cash capital investment should

result in better performance in cross-sectional asset pricing. We expect this improvement

because we have a better measurement of q that reflects both investment demand and

cash demand. In this respect, our study is complementary to Chen and Zhang (2008);

however, we differ from Chen and Zhang in that we model firms’ investments in both

physical capital and cash capital, we allow interactions between the two types of capi-

tals, and we show that not only traditional investment factors and expected productivity

factors, but also investment relative to cash matter.

2In general, the investment cash flow literature has examined how investment responds to cash flows
(Hubbard, 1998; Cleary; 1999, Almeida, Campello and Weisbach, 2004; Moyen, 2004). Our approach
differs in that we examine how stock returns respond to such decisions in a neoclassical model.

3The correlation between original INVC and INVP is -0.28. Using them generates similar results for
cross sectional testing.
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We find that INVP and INVC, with or without the market factor, can explain approx-

imately 67% of the variation in 25 size-value portfolios and 25 size-momentum portfolios.

The performance of our models is much better than those of the CAPM (Sharpe, 1964;

Linter, 1965) and is comparable to those of the Fama-French 3 factor model. Ideally,

one would expect that four factors-the market, investment relative to non-cash capital,

investment relative to cash, and profitability (productivity)-would price the assets in

our model. As documented by Barro (1990) and Blanchard, Rhee and Summers (1993),

current as well as lagged profits are strongly positively related to current investment.

We find that our investment relative to the cash factor is significantly correlated with

the profitability factor (-0.39), so including the profitability factor helps only marginally.

Excluding the market factor does not lower the overall fit of the two investment factors

but generates a higher Jensen’s α.

We find growth stocks earn premiums from the INVC factor and that value stocks earn

premiums from the INVP factor. This finding occurs because growth stocks, on average,

have higher I/C ratios and value stocks have higher I/P ratios. We also find support

for momentum stocks’ earning their premiums mainly from the INVC factor; the INVC

factor alone explains 19% of the variation of the size-momentum portfolios. We also

find that momentum stocks tend to be those with low I/P and I/C ratios, which finding

suggests that momentum stocks earn high returns not only because of low investment

costs but also because of low investment costs relative to cash.

Our study sheds light on factor-based cross-sectional asset pricing through develop-

ment of a model that performs well and is also theoretically motivated. Classical models

such as the CAPM and the consumption-based CAPM are based on appealing intuition

and show that stock returns are determined by their covariances with either market re-

turn or marginal utility of consumption (e.g., a stock is risky when it pays highly when

marginal utility of wealth-consumption-is low, and this kind of stock requires a risk pre-
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mium). However, the empirical performance of these two models is unimpressive. Fama

and French (1996) used market excess return, return spread between small firms and

big ?rms, and return spread between value and growth firms as factors in their model

and found that these factors explain a substantial portion of cross-sectional stock return

variations. However, their model is not derived from firms’ optimization or consumers’

optimization, and it is not clear what the exact underlying risks are. We show that firms’

returns are driven by their investments in cash capital and physical capital. As shown in

Daniel and Titman (1997) and emphasized by Liu, Whited and Zhang (2007), character-

istics and covariances are two sides of the same coin and, as a result, investment relative

to non-cash capital and investment relative to cash capital act as a common factor.

2 A Two-Period q Model

2.1 The model

We model firms’ investment in cash in a two-period investment-based asset pricing model

(e.g., Cochrane, 1991, 1996; Restroy and Ronkinger, 1994; and Zhang,2005). At time

t, firms choose investment in physical capital and in cash capital and pay convex, non-

decreasing adjustment costs (Hayashi, 1982; Abel and Eberly, 1994) and transaction costs

(Keynes, 1936; Baumol, 1952; Miller and Orr, 1966) to maximize current dividends and

discounted future capital

Max
(ipt ,ict )

π(kp
t , Θt)− ipt − Φ(ipt , k

p
t )− T (ipt , k

c
t + ict)− ict +

Et Mt+1

{
[π(kp

t+1, Θt+1) + (1− δp)k
p
t+1 + (1− δc)k

c
t+1

}
(1)
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subject to

kj
t+1 = (1− δj)k

j
t + ijt j = p, c (2)

where ipt is investment in physical capital and ict is investment in cash, kp
t and kc

t are the

stock of physical capital and cash capital. δp is the depreciation rate of physical capital,

δc is the inflation rate of cash capital; Mt+1 is the stochastic discount factor, π(kp
t , Θt)

is a profit function that features constant elasticity of substitution and uncertainty Θt.

Each firms’ decision is different because of firm-specific productivity shocks in Θt .

We model the transaction cost, T , separately from the traditional adjustment cost,

Φ, to emphasize the effect on firm value of hodling cash, and we assume investment in

cash has an immediate effect on lowering transaction costs, such that the marginal q of

cash is different from a constant over time. This approach also allows ?rms to have a

precautionary motive to hold cash so that ?rm invests more in cash when it expects a bad

productivity shock or tight credit market. Alternatively, one can view adjustment cost

as being more physical and taking time to build, while cash is more monetary and does

not take time to build. Transaction cost is linear and homogeneous and T1 > 0, T11 > 0,

that is, firms pay transaction costs for physical investment transaction costs are convex;

T2 < 0, T22 > 0, that is, cash capital reduces transaction cost with diminishing effect; and

T12 < 0, that is, holding cash helps to reduce transaction cost at the margin. Essentially,

holding cash makes the traditional physical capital accumulation more effective.4

If we let qp
t and qc

t be the shadow value of physical capital and cash capital, we obtain

4Huberman (1984) required firms to hold cash before new projects are undertaken. Kim, Mauer and
Sherman (1998) used a three-period model to show firms’ investments in cash are positively related to
the cost of external financing.
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the following first order conditions:

qp
t = 1 + Φ1(i

p
t , k

p
t ) + T1(i

p
t , k

c
t + ict) = EtMt+1[π1(k

p
t+1, Θt+1) + (1− δp)] (3)

qc
t = 1 + T2(i

p
t , k

c
t + ict) = EtMt+1(1− δc) (4)

Equation (3) states that the price of one unit of physical capital and the associated

adjustment and transaction costs that firms occur at time t, are equal to the present value

of expected future marginal benefits, which include the expected marginal product and

sale value of one unit of physical capital. Equation (4) states that the cost of investing

in cash is the price of one unit of cash capital net of the transaction cost it saves. Here

the return on investing in cash is simply real interest rate if one treats transaction cost

as the nominal interest rate.

We define return on the two capitals as:

rp
t+1 =

π1(k
p
t+1, Θt+1) + (1− δp)

qp
t

(5)

rc
t+1 =

(1− δc)

qc
t

(6)

Using this definition and equations (3) and (4) we get the standard asset pricing

equations for physical capital investment returns and cash capital investment returns:

Et[Mt+1r
p
t+1] = 1 (7)

Et[Mt+1r
c
t+1] = 1 (8)
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The ex-dividend stock price today is:

pt = EtMt+1[π(kp
t+1, Θt+1) + (1− δp)k

p
t+1 + (1− δc)k

c
t+1]

= qp
t k

p
t+1 + qc

tk
c
t+1 (9)

where the second equality follows from the CES of profit function and first-order

conditions. The market value of a firm consists of the market value of physical capital

and the market value of cash capital. Faulkender and Wang (2006) found that the market

value of cash is contingent upon whether the cash is used to pay dividends, to service

debt or to decrease the amount that is needed in the credit market. They found that

the marginal value of cash declines with larger cash holdings, higher leverage, and better

access to capital markets, and that also declines as firms choose greater cash distribution

via dividends rather than repurchases. The cum-dividend stock return is

rt+1 =
π(kp

t+1, Θt+1) + (1− δp)k
p
t+1 + (1− δc)k

c
t+1

pt

= rp
t+1

qp
t k

p
t+1

pt

+ rc
t+1

qc
tk

c
t+1

pt

(10)

which shows that stock return is a weighted average of return on physical capital

investment and return on cash capital investment.

2.2 Intuition

This section examines how expected stock returns are affected by the return on physical

capital and the return on cash capital. Taking the expectation from equation (10) gives

Et[rt+1] = Et[r
p
t+1]

qp
t k

p
t+1

pt

+ Et[r
c
t+1]

qc
tk

c
t+1

pt

(11)
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where

Et[r
p
t+1] =

Et[π1(k
p
t+1, Θt+1)] + (1− δp)

1 + Φ1(i
p
t , k

p
t ) + T1(i

p
t , k

c
t + ict)

(12)

Et[r
c
t+1] =

(1− δc)

1 + T2(i
p
t , k

c
t + ict)

(13)

Equation (11) shows that the expected stock return or discount rate is determined

by four factors: expected return on physical capital investment, expected return on cash

capital investment and the weights of the two types of investment. The first implication

is that holding cash raises expected return on physical capital investment because cash

lowers transaction costs. Meanwhile, holding cash lowers expected return on cash capital

investment because of the diminishing effect of investing in cash.5 The second implication

is that we can expect the weight of cash to be much smaller than that of physical capital,

so expected stock return is dominated by expected return on physical capital investment.

If future discount rate arises as a result of an increase in expected return on physical

capital investment, given expected future profitability, firms are likely to choose either

low physical capital investment or high cash capital investment, based on the marginal

q of physical capital. Thus, both low physical capital investment and high cash capital

investment predict high future returns.

In our model, investment in cash is clearly related to credit market conditions or

expected future productivity in our model. Anticipating a bad productivity shock and

tight credit conditions, firms hold more cash and invest less in physical capital, so firms

have a precautionary motive to hold cash, and the effect of having cash in our two-period

model is reflected in the return on physical capital investment it can raise. On the other

hand, in good times, if cash is low relative to investment in physical capital, firms may

find themselves constrained by internal liquidity.

5Specifically,
∂rp

t+1
∂ic

t
= − T12

(qp
t )2

[π1 + (1− δp)] > 0 and ∂rc
t+1

∂ic
t

= − T22
(qc

t )2 (1− δc) < 0;

10



2.3 Factor Pricing

Cochrane (1996) showed that stock returns or investment returns drive cross-sectional

asset returns while, in our model, stock return is the weighted average of return on

physical capital and return on cash capital. Let

Φt =
a1

2
(
ipt
kp

t

)2kp
t (14)

Tt =
a2

2
(

ipt
kc

t + ict
)2(kc

t + ict) (15)

where a1 and a2 are positive parameters. Equation (12) and (13) now become

Et[r
p
t+1] =

Et[π1(k
p
t+1, Θt+1)] + (1− δp)

1 + a1
ipt
kp

t
+ a2

ipt
kc

t+ict

(16)

Et[r
c
t+1] =

(1− δc)

1− a2

2
(

ipt
kc

t+ict
)2

(17)

The numerator in equation (16) can be treated as expected productivity. Xing (2008)

used sales-to-asset-ratio as proxy and found that, after controlling for expected produc-

tivity, stock returns are related to physical capital investment. Chen and Zhang (2008)

found that using current return on assets as proxy can explain the momentum profits

among stocks. In our study, we focus on firms’ investment relative to cash holdings; as we

discuss below, investment relative to cash is still significant in explaining cross-sectional

asset returns when a proxy for expected future productivity is included, and excluding

investment relative to cash significantly worsens the pricing results. When firms expect

bad productivity shocks, they hold more cash and invest less as a precautionary motive

and to ensure that they have cash to support good projects that may arise. Thus, in-

vestment relative to cash and investment relative to non-cash capital capture, at least to

a degree, expected future profitability.
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Equation (16) shows that the expected return on physical investment is affected by
ipt
kp

t
,

the ratio of physical capital investment to non-cash capital(I/P), and
ipt

kc
t+ict

, the ratio of

physical capital investment to cash capital(I/C). Equation (17) shows that the expected

return on cash capital is determined by the I/C ratio. We measure all variables using

data up to time t.

Because stock return is derived in a partial equilibrium setting (Chen and Zhang,

2008), we include market return as an additional factor to capture average return of

stock; thus, we test the following 3-factor model as our benchmark speci?cation:6

E[Ri
t+1] = βimE[MKT] + βipE[INV P] + βicE[INV C] (18)

where E[Ri] is expected excess return of stock i ; E[MKT], E[INVP] and E[INVC]

are expected premiums on market excess return, the factors constructed using firms’ I/P

ratio and I/C ratio; and βim, βip, and βic are factor loadings estimated from the following

time series regressions

Ri
t+1 = αi + βimMKTt+1 + βipINV Pt+1 + βicINV Ct+1 + εi,t+1 (19)

We also test multi-factor models in which proxies for expected future profitability are

added and the market return is excluded for comparison and for robustness of the factor

based on investments relative to cash.

6The widely cited Fama French (1996) 3-factor model also has a market factor; our model is similar
in that it is a characteristics-based model.
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3 Empirical Results

3.1 Data

We obtained monthly stock returns from January 1964 to December 2006 from CRSP,

and the annual characteristics data from COMPUSTAT. To construct INVC, we inde-

pendently sorted firms by size and investment-to-non-cash assets (I/C). We used the 50%

size breakpoints for NYSE stocks to split all stocks into two groups in June of each year

(t); following Fama and French (1996), we also split all stocks into three I/C groups

based on the 30% and 70% breakpoints for NYSE stocks. We then formed 6 portfolios

from the intersection of the two size groups and the three I/C groups, computed monthly

returns for all portfolios from July of year t to June of year t+1, and rebalanced the

portfolios in June of year t+1. The INVC is the difference between the average return of

two low-I/C porfolios and two high-I/C portfolios. INVP is constructed in a similar way

using investment-to-cash (I/C). We regressed INVC on INVP to remove the trending

component in INVC that is due to INVP and use the residual for further study.

Our main testing assets are 25 size- and value-sorted portfolios, 30 industrial portfolios

and 25 momentum portfolios. We also obtained the three Fama-French factors and the

momentum factor for later comparison.7

7http://mba.tuck.dartmouth.edu/pages/faculty/ken.french. Cash includes bank drafts, cash, checks
(cashiers or certified), demand certificates of deposit, demand deposits, letters of credit, money orders,
government and other marketable securities and time deposits. Firm size is measured by stock price
times the total shares outstanding. The book-to-market equity ratio (BE/ME) at time t is calculated
by dividing book equity (BE) at the fiscal end of year t-1 by market equity (ME) in December of year
t-1. There is a lag of at least a 6 month between accounting data and market data. Following Cohen,
Polk and Vuolteenaho (2003) and Fama and French (2008), book equity is defined as the stockholders’
equity, plus balance sheet deferred taxes (Compustat item #74) and investment tax credit (Compustat
item #208), plus post-retirement benefit liabilities (Compustat item #330), less the book value of
preferred stock. Depending on availability, we measure the book value of preferred stock by the order of
redemption (Compustat item #56), liquidation (Compustat item #10), or par value (Compustat item
#130). Stockholders’ equity is measured by Compustat item #216 or the book value of common equity
(Compustat item #60), plus the par value of preferred stock or the book value of assets (Compustat
item #6), less total liabilities (Compustat item #181).
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3.2 Portfolio Return Formed on I/P and I/C

Panel A of Table 1 reports descriptive statistics. INVP had a mean of 0.26%, which

is negatively correlated with market excess return and means that firms invest more

when the future discount rate is low. The negative relationship between INVP and

SMB suggests that small firms require the future discount rate to be even lower to

invest, and the positive relationship between INVP and HML signals similar situation

for growth firms. On the other hand, INVC is negatively related to HML and positively

related to market excess return, SMB and the momentum factor. A high level of cash

increases return on physical capital through reduced transaction costs, which is more

likely to happen with small stocks, growth stocks and momentum stocks. It is negatively

correlated with market excess return and it means that firms invest more when future

discount rate is low. The negative relation between INVP and SMB suggests that small

firms require future discount rate to be even lower to invest and the positive relation

between INVP and HML signals similar situation for growth firms. On the other hand,

INVC is negatively related to HML and positively related to market excess return, SMB

and momentum factor. High level of cash increases return on physical capital through

reduced transaction cost and it is more likely to happen for small stocks, growth stocks

and momentum stocks.

Panel B of Table 1 reports the average excess returns of six portfolios formed on I/P

and I/C. The returns of the two low I/P portfolios are 0.96% and 0.58%, and the returns

on high I/P portfolios are 0.62% and 0.45%. This is consistent with earlier findings that

stocks with low investment-to-asset ratios have higher returns; this finding holds even

when we form portfolios using investment scaled by non-cash assets, rather than total

assets. The returns of the two low I/C portfolios are 0.93% and 0.53%, and the returns

of the two high low I/C portfolios are 0.64% and 0.38%.

To demonstrate that I/C provides additional information beyond that contained in
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I/P, we construct nine portfolios using I/P and I/C, with all stocks allocated into three

I/P groups and three I/C groups independently, using 30% and 70% breakpoints. Using

the intersections, we report median values for all nine portfolios. As shown in Table 2,

low I/C stocks have higher returns than high I/C stocks for all I/P groups. The excess

returns of the three low-I/C portfolios are 0.69%, 0.78% and 0.41% the excess returns

of three high-I/C portfolios are 0.44%, 0.39% and 0.39%. Coincidentally, low I/C stocks

have low I/P ratios and low I/A (investment-to-asset) ratios and vice versa , suggesting

that investment plays a dominant role. However, we find that low I/P stocks have high

C/A (cash-to-asset) ratios in all three I/P groups, confirming that low I/C ratios are due

to both low investment and high cash, rather than only to low investment.

3.3 Value vs. Growth Portfolios

We examined the pricing results of our model, comparing them to the Fama-French 3-

factor model and the classical CAPM. We relied on the Fama-Macbeth (1973) two-pass

regression to study the betas of the 25 portfolios sorted by size and book-to-market ratio,

and we followed Cochrane (2001) in adjusting the t-values to account for bias in generated

regressors (Shanken, 1992) and autocorrelation and heteroscedasticity (Jagannathan and

Wang, 2002). We report both GLS R-squared and adjusted OLS R-squared following

Kandel and Stambaugh (1995) and Lewellen and Shanken (2006), since GLS R-squared

measures the maximum mean return a mean-variance investor can achieve if implied

mean returns from a particular model are used as inputs for portfolio optimizations.

The CAPM does not perform well in terms of either OLS R-squared or GLS R-

squared, yielding yielding 12% in both cases; it also has the wrong sign on market risk

premiums. In our model, the risk premiums on market, INVP and INVC are 0.07%,

0.97% and 1.12% per month, respectively. The premiums on INVP and INVC factors

are both significant, and our model shows a positive sign on market excess return, even
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though it is still insignificant. The Jensen’s α of our 3-factor model is only 0.51% with

t-value of 1.29 , which is economically and statistically less than 1.31% (t-value of 4.02)

of the Fama-French 3-factor model and economically and statistically less than 1.25% (t-

value of 3.18) of the CAPM. Although our model’s OLS R-squared is 10% lower than that

of the Fama French 3 factor model, but only 1% lower in terms of the GLS R-squared.

Excluding the market factor does not lower the overall fit but the Jensen’s α increases

to a significant 1.23% when the market factor is excluded.

We break INVA into two components: the value component and the growth compo-

nent arising from the ?rm’s optimal decision in holding cash. Low I/P stocks have higher

future returns because ?rms invest less when the future discount rate is higher. Low IC

stocks also have higher future returns because high cash holdings lower transaction costs

and facilitate building of physical capital. Meanwhile, investing in cash at time t allows

?rms to play it safe so they can respond to good investment opportunities when they

are available, without resorting to sometimes expensive external ?nancing. Thus, cash

holdings increase return on physical capital at time t + 1.

Table 4 provides the betas and t-values of the market excess return, INVP and INVC

for the 25 portfolios, sorted by size and book-to-market ratio. Almost all betas are

significant and 11 alphas from the first pass are significant. Value firms have higher

betas on INVP, and growth firms have higher betas on INVC. The INVP and INVC

betas of small value stocks are 0.40 and 0.13, respectively, but they are -0.84 and 0.79,

respectively, for small growth stocks. As a result, growth firms earn higher premiums on

the INVC component and value firms earn higher premiums on the INVP component.

Figure 1 plots the median I/P and I/C for value stocks and growth stocks for small- and

large-size stocks over time. Value stocks have lower I/P and higher I/C in general,8 the

only exception being the small capitalization category, where the I/C of value stocks is

lower. Overall, lower I/P and higher I/C give value stocks higher INVP betas and lower

8Value stocks have higher I/C in the other three omitted size groups
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INVC betas.

In our model, a firm has low market-to-book ratio when the weighted average of the

two q’s are low.9 On average, value firms have a lower marginal q on physical capital

since they usually have abundant physical capital, and the shadow value of that capital

is low. On the other hand, value firms have higher marginal q on cash capital because

they hold relatively less cash, and the value of additional cash is high.

The marginal q effect on physical capital dominates if the cash capital proportion

of total capital is not too large; in our model, value firms have higher returns because

of higher return on physical investment. This is consistent with conventional wisdom,

but we provide an additional dimension of variation in the value premium, which is that

growth firms earn their return premiums mainly from our INVC factor.

3.4 Size-Momentum Portfolios

Lewellen, Nagel and Shanken (2006) pointed out that size-value-sorted portfolios contain

a factor structure, so one should examine whether certain factors still perform well if

portfolios with less structure are used as testing assets. We use 25 portfolios sized by

size and momentum as alternative testing assets, given that momentum is difficult to

explain. The 25 portfolios are constructed monthly and are the intersections of five

portfolios formed on size and five momentum portfolios formed on cumulative return

from month j-12 to j-2 (skipping month j-1), where j is the month of the predicted

return. We use the NYSE stock market equity and the prior 2-12 months’ cumulative

return quintiles as the monthly size and momentum breakpoints, respectively.

Table 5 shows that, when the 25 portfolios sorted by size and momentum are used

as the testing assets, all models have high alphas; but our alpha is insignificant, and

9In our model, the market-to-book ratio is M
B =

qp
t kp

t+1
kp

t+1+kc
t+1

+ qc
t kc

t+1
kp

t+1+kc
t+1

.

17



INVP and INVC carry significant risk premiums that are comparable to those achieved

when size-value portfolios are used as testing assets. Our model also has the highest GLS

R-Squared and OLS R-squared, at 67% and 23%, respectively. The latter is, surprisingly,

twice that of the Fama-French 3 factor model. Figure 2 plots the time series median of

the I/Ps and I/Cs of winner and loser stocks for the three size groups, illustrating that

winner stocks have lower I/C and I/P ratios and higher returns. When the market factor

is excluded, the Jensen’s α becomes significant at 1.51% with similar performance in terms

of overall fit. When return on asset (ROA), a proxy for expected future profitability, is

included and our INVC factor is dropped, we find that the overall fit is only 15.8%, less

than the 19.8% achieved by a single-factor model consisting of only INVC.

3.5 Industry Portfolios

As a further robustness check, we also use 55 testing assets, consisting of 25 assets sorted

by size and value and 30 industry portfolios. Table 6 shows that none of the models

perform as well as they do for the 25 assets sorted by size and value. The ?ts of the

models are substantially lower, ranging from 1% to 34.9% in terms of OLS R-squared

and 1.4% to 11.9% in terms of GLS R-squared. Both the CAPM and the Fama-French

3-factor model have the wrong sign on the market, and our model is the only one that

has an insignificant alpha (0.47% with t-value of 1.66). Our model has GLS R-squared

of 10%, which is slightly lower than that of the Fama-French 3-factor model.

3.6 SDF Estimation

While the two-pass approach allows us to focus on betas, the one-stage Generalized

Method of Moments (GMM) estimation (Hansen, 1982) can test whether certain factors

help to explain the variation of the pricing kernel. We focus on the one-stage estimation
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because, as Lettau and Ludvigson (2001) and Cochrane (2001) recommended, the optimal

weighing matrix is poorly estimated when the cross-section is large, as is the case in

our sample. Jagannathan and Wang (2002) showed that the stochastic discount factor

approach is as efficient as the expected-return-beta approach and that it has higher

power in detecting model mis-specifications. Furthermore, using identity as the weighting

matrix allows us to examine economically interesting portfolios. To evaluate the overall

statistical significance of the model, we rely on the JT statistic. The stochastic discount

factor can be written as:

mt+1 = 1 + b′ft+1 (20)

where ft+1 is factors and b is a vector of coefficients. The pricing error is

gT = ET mre (21)

where ri,e
t+1 is excess stock return. GMM estimation minimizes weighted average of

pricing errors such that:

Min
b

g
′
T WgT (22)

If the factors are the true factors, we expect b to be significant and joint pricing errors

(JT) to be insignificant.

Table 7 shows the estimation results for various model specifications using 80 port-

folios, including 25 size-value portfolios, 30 industry portfolios and 25 size-momentum

portfolios as testing assets. Consistent with our model, INVP and INVC are significant in

explaining the variation of the stochastic discount factor with and without market excess

return. The coefficients of market excess return, INVP, and INVC are -0.34, -4.95, and
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-4.39, respectively, and the t-values of market excess return, INVP, and INVC are -0.44,

-2.55 and -3.31, respectively. The negative signs suggest that increases in risk premiums

of INVP and INVC lower the value of the stochastic discount factor much as in the

case where, when marginal utility of wealth is the stochastic discount factor and wealth

growth is the factor, we expect the sign to be negative. Stocks correlate negatively with

the stochastic discount factor and positively with the factors; in our sample, the market

factor, INVP and INVC are risky and, thus, require a high rate of return.

In addition, we find that the market factor is insignificant and, by itself, has the

wrong sign. A factor constructed using two by three independent sorts on size and

Investment/Assets (the traditional investment factor) is significant when combined with

the market return. The size and value factors are both insignificant because our testing

assets include 30 industry portfolios and 25 momentum portfolios in addition to the

often-tested 25 size-value sorted portfolios. Adding value or momentum to our model

reduces the sensitivity of the stochastic discount factor on our factors, but our factors

remain significant. The value factor is insignificant in the presence of our factors, but the

momentum factor still remains significant. Finally, adding portfolios formed on return

on assets (ROA), which is a proxy for expected future productivity or profitability, does

not reduce the significance of the INVP and INVC factors.

According to the JT value in Table 8, joint pricing errors of all models are significant,

even though our model has the third-lowest JT value. We also compute the root mean

squared errors separately for the 25 size-value portfolios, the 30 industry portfolios and

the 25 size-momentum portfolios and find our formulation (Model-4) has the lowest root

mean squared error (0.78% for 25 size-value portfolios), which is better than the 1.23%

of the CAPM(Model-1) and 0.84% of the Fama French 3-factor model(Model-3). The

investment-based model does not price industry return well; for the 25 size-momentum

portfolios, our model has a mean squared error of 1.60%, which is better than that of the
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CAPM and the Fama-French 3 factor model. Adding the momentum factor (Model-6)

reduces the errors considerably, but adding ROA (Model-8) does not.

3.7 Cross Section Regressions at Firm Level

A standard question is whether the anomalies can predict future equity returns on the

margin. To address this issue, we take an approach similar to the Fama-Macbeth ap-

proach adopted in Fama and French (2008). A cross-section regression is estimated for

each month to predict monthly returns from July of year t to June of year t+1. Indepen-

dent variables include common anomaly variables such as market cap, book-to-market

equity and momentum, as well as our INVP and INVC measures. Explanatory variables

are assumed to be observable in June of year t or earlier and are measured only once

a year with the exception of momentum, which is calculated monthly. We decided not

to include estimated market betas in the cross-section regressions for the same reasons

That Fama and French decided not to include them.10

Table 9 shows results from monthly cross-section regressions to predict stock re-

turns. Consistent with previous literature, average regression slopes are highly significant-

negative for market cap and positive for book-to-market equity and momentum. Further-

more, for all four models, our estimated average regression slopes for market capitaliza-

tion, book-to-market equity, and momentum are very close to the estimation of Fama and

French. The coefficient of I/A is strong and negative (-0.63, t= -19.17), which confirms

the predictions of the investment-based models that firms with high investments tend

to have low expected stock returns. In the investigation of the impact of cash holdings

on the future stock returns, the C/A ratio is included in the cross-section regression in

10Fama and French (2008) argued that the betas of the three-factor model tend to be much less
dispersed than the CAPM betas: The premium for the three-factor beta is smaller than the average
market excess return, individual firm betas are unlikely to be correlated with the anomaly variables, and
estimates for individual firm betas are imprecise. The authors concluded that omitting market beta in
the cross-section regression should have little impact.
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addition to the three common anomaly variables: ME, BEME and Momentum. The

average regression slope on C/A is 0.81, and the t statistic is 7.58.

Our results support the view that, on average, cash holding can increase equity returns

by reducing the transaction cost when firms need to raise external capital. Next, a

breakdown of the investment into investment relative to the non-cash capital factor and

investment relative to the cash factor leads to the inclusion of two separate, independent

variables, I/P and I/C, in the monthly cross-section regressions. Average coefficients of

both variables are negative and highly significant. Firms with higher I/P and I/C ratios

tend to yield lower stock returns, which can be interpreted to mean that firms that make

smaller investments in physical assets and hold larger amounts of cash generate higher

future returns. Model 4 determines whether the coefficient of C/A is still significant

when the two components of I/A are also included in the regression; it turns out that

the explanatory power of cash holdings is not reduced at all.

4 Concluding Remarks

Traditional investment- or production-based asset pricing models argue that investments

should negatively covary with future equity returns over time because firms will invest

more when they expect future discount rates to fall. Recent work has used investments

and profitability as a pricing factor that can explain the cross-sectional variations of stock

returns. This paper examines the impact of firms’ investments relative to cash holdings

on expected equity returns. It is important that firms consider the role of cash when

making investment decisions because abundant internal funds can reduce transaction

costs and make room for future investment opportunities, thereby boosting future stock

returns.

We first present a two-period investment-based asset pricing model, where firms make
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decisions on cash holdings and investments to maximize value, and transactions costs

are separated from traditional adjustment costs to strengthen the effect that cash hold-

ings can have on a firm’s value. Cash holdings enhance a company’s value by saving

transaction costs and facilitating the ability to building physical assets when pro?table

investment opportunities occur. Our model suggests that future stock returns should

be determined by a weighted average of return on physical capital and return on cash

capital.

Based on the theoretical model, we then propose a Fama-French-type three-factor

model that includes a market factor, a factor based on investment relative to non-cash

capital (INVP), and a factor based on investment relative to cash capital (INVC) to

test whether coefficients of INVP, INVC and the market factor are significant. For this

purpose, we use 25 size-value portfolios, 25 size-momentum portfolios and 30 industry

portfolios. Empirical evidence shows that value firms have higher loadings on INVP, and

growth firms have higher loadings on INVC. We also ?nd that momentum stocks earn

higher premiums on the INVC factor.

Next, we perform monthly cross-section regressions to predict stock returns, where

the investment-to-asset ratio is decomposed into two separate variables, I/P and I/C.

Average coefficients of both variables are significantly negative. Firms with higher I/P

and I/C ratios tend to see lower future stock returns. This finding supports the strength

of our model, in which firms that invest less in physical capital and hold larger amounts

of cash yield higher future stock returns.

Finally, we use the one-stage Generalized Method of Moments to test whether our

proposed INVP and INVC factors can help explain variations in the stochastic discount

factor. The results show that our factors play a significant role in explaining the variation

of the pricing kernel, even when size, value and momentum factors are included in the

model. Specifically, an increase in risk premiums of INVP and INVC will reduce the
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value of the stochastic discount factor.

This paper sheds light on the factor-based cross-sectional asset pricing model because

it presents a theoretically motivated model that also works well empirically. Our study

shows that stock returns are driven by firms’ investment in physical capital as wells as

cash capital. Cash holdings help reduce transaction costs at the margin and facilitate

accumulation of physical capital, which is particularly essential to growth stocks and

momentum stocks.
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Table 1: Summary Statistics: 07/1964-12/2006
The cash investment factor (INVC) is formed as follows: At the end June of each year,
all stocks (from NYSE, AMEX and NASDAQ) are allocated into two size groups (Small
and Big) based on whether their June market capitalization is above or below the
median market value for NYSE stocks. All firms are allocated independently into three
Investment/Cash Asset (I/C) groups based on the values of 30% and 70% breakpoints
of I/C for NYSE stocks. Six size-I/C portfolios are formed as the intersections of two
size groups and three I/C groups. Value weighted monthly returns are calculated for
each portfolio from July to the following June. INVC is the difference, each month,
between the average returns of two low I/C portfolios and two high I/C portfo-
lios. INVP is constructed using Investment/Non-cash Assets (I/P) following the same
approach. We regress INVC on INVP to remove the trend and take the residual as INVC.

Investment is defined as the annual change in fixed assets and inventories for firms
in COMPUSTAT. Only firms with ordinary common equity classified by CRSP are
included in the test and we exclude financial firms.

Panel A reports the means, standard deviations of INVP, INVC, the three factors
of Fama and French (1996), MKT, SMB and HML, and the Momentum factor from
French’s website. Panel B reports the correlations. Panel C reports average excess
returns of the six size-I/P and the six size-I/C portfolios.

Panel A

INVP INVC MKT SMB HML MOM
Mean 0.2547 0.0000 0.4592 0.2747 0.4440 0.8157
Std. 1.9134 2.1877 4.4224 3.2728 2.9412 4.0419

Panel B

INVP -0.4023 -0.2702 0.6979 -0.0110
INVC 0.1232 0.2881 -0.3812 0.1687

Panel C

Small Big Small Big
IP-Low 0.9593 0.5778 IC-Low 0.9254 0.5249

IP-Medium 0.8946 0.3913 IC-Medium 0.8107 0.4004
IP-High 0.6240 0.4535 IC-High 0.6425 0.3834
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Table 8: Root Mean Squared Errors for Different Models
We compute root mean squared error for 8 models and break 80 portfolios into three
groups, 25 size-value portfolios, 30 industry portfolios and 25 size-momentum portfolios.
JT is the weighted average of pricing errors.

Model 1: MKT;
Model 2: MKT+INVA;
Model 3: MKT+SMB+HML;
Model 4: MKT+INVP+INVC;
Model 5: MKT+HML+INVP+INVC;
Model 6: MKT+INVP+INVC+MOM;
Model 7: INVP+INVC;
Model 8: MKT+INVP+INVC+ROA;

MKt SMB and HML are the three Fama-French factors and MOM is the momentum fac-
tor from French’s website. INVP, INVC, INVA, ROA are constructed using six portfolios
sorted on size and Investment/Non-cash Asset, Investment/Cash, Investment/Asset,
Net Income/Asset respectively. We remove the INVP component in INVC by regressing
INVC on INVP. Data are from 7/1964-12/2006. All values are significant.

Model Value Industry Momen. JT
1 1.2343 0.993 2.0529 710.2
2 0.7913 1.2208 1.8103 524.5
3 0.8406 1.1228 1.7771 664.2
4 0.7809 1.3897 1.6007 454.8
5 0.8251 1.4169 1.5356 440.3
6 0.8280 1.0813 0.9569 471.1
7 0.8114 1.3973 1.5874 467.1
8 0.8094 1.4278 1.5215 448.4
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