Can Investment Shocks Explain the

Cross-Section of Equity Returns?*

Lorenzo Garlappi'

University of British Columbia

Zhongzhi Song!
Cheung Kong Graduate School of Business

April 25, 2016

Accepted by Management Science

*We thank Neng Wang (the editor), an anonymous associate editor, and two anonymous referees for
constructive comments and suggestions. We are grateful to Burton Hollifield, Jennifer Huang, Leonid Ko-
gan (AFA discussant), Jun Li, Laura Liu (SIF discussant), Pablo Moran, Georgios Skoulakis, Tan Wang
(CICF discussant), Lu Zhang (LAEF discussant), and seminar participants at the Central University of
Finance and Economics, Cheung Kong Graduate School of Business, Shanghai Advanced Institute of Fi-
nance, the University of British Columbia (Sauder), and conference participants at the American Finance
Association Annual Meetings, the China International Conference in Finance, the Summer Institute of
Finance Conference, and the Third LAEF-Tepper Advance in Macro Finance Conference for valuable
comments. We especially thank Ryan Israelsen for sharing with us the quality-adjusted investment goods
price series.

"Department of Finance, Sauder School of Business, University of British Columbia, 2053 Main Mall,
Vancouver, BC V6T 172, Canada, E-mail: lorenzo.garlappi@sauder.ubc.ca.

{Cheung Kong Graduate School of Business, 3F, Tower E3, Oriental Plaza, 1 East Chang An Avenue,
Beijing 100738, China. E-mail: zzsong@ckgsb.edu.cn.



Can Investment Shocks Explain the
Cross-Section of Equity Returns?

Abstract

Using two macro-based and one return-based measures of investment-specific
technology (IST) shocks, we find that over the 1964—2012 period exposure to IST
shocks cannot explain cross-sectional returns spreads based on book-to-market, mo-
mentum, asset growth, net share issues, accrual, and price-to-earning ratio. Only
one of the two macro-based measures can explain a sizable portion of the value
premium over the longer 1930-2012 period. We also find that the IST risk premium
estimates are sensitive to the sample period, the data frequency, the test assets, and
the econometric model specification. Impulse responses of aggregate investment and
consumption indicate potential measurement problems in IST proxies, which may
contribute to the sensitivity of IST risk premium estimates and the failure of IST

shocks to explain cross-sectional returns.
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1 Introduction

Investment-specific technology shocks (IST shocks hereafter)—i.e., technological innova-
tions that materialize through the creation of new capital stock—have long been recog-
nized by economists as important determinants of economic growth and business cycle

fluctuations.!

More recently, financial economists have relied on IST shocks as an eco-
nomically motivated risk factor for explaining properties of asset prices in both the cross
section and time series. Theoretically, the effect of IST shocks on asset prices depends
crucially on key channels such as investors’ preferences toward the resolution of uncer-
tainty (e.g., Papanikolaou (2011)), firms’ flexibility in varying capital utilization and their
degree of market power (e.g., Garlappi and Song (2016a)). Empirically, the evidence from
existing studies that rely on IST shocks to analyze cross-sectional equity returns is mixed.
For example, Kogan and Papanikolaou (2014) argue that a negative price of risk is needed
to explain the value premium-—i.e., the fact that high book-to-market (B/M) firms earn
higher returns than low B/M firms (see Fama and French (1992)). In contrast, Li (2013)
argues that a positive price of risk is needed to explain the profitability of momentum
strategies—i.e., the fact that stocks with high past returns outperform stocks with low
past returns (see Jegadeesh and Titman (1993)). To establish the relevance of IST shocks
as an economically motivated risk factor and differentiate among alternative theories, it

is therefore important to analyze in depth the empirical evidence on the ability of these

shocks to explain cross-sectional returns.

In this paper, we assess the role of IST shocks for cross-sectional asset prices by focusing
first on the same return patterns that brought forth the aforementioned disagreement: the
value premium and the momentum effect. We then broaden the scope of our empirical
analysis by studying the effect of IST shocks on alternative cross-sections represented
by portfolios sorted by the following firm characteristics: (i) asset growth rate, (ii) net
share issues, (iii) earnings-to-price (E/P) ratio, and (iv) accrual. We conduct our study on

value and momentum over a long sample period, from 1930 to 2012, and on the alternative

1See, for example Solow (1960), Greenwood, Hercowitz, and Krusell (1997, 2000), Christiano and
Fisher (2003), Fisher (2006), and Justiniano, Primiceri, and Tambalotti (2010, 2011).



cross-sections over the more recent sample, from 1964 to 2012, due to data availability.
Our empirical analysis adopts measures of investment-specific technology shocks that have
been widely used in the macro-finance literature. The first measure, Ishock, proposed by
Greenwood, Hercowitz, and Krusell (1997), is based on the (quality-adjusted) price of
capital goods relative to that of consumption goods and aims to capture shocks to the
cost of investment in new capital. The second measure, IMC, proposed by Papanikolaou
(2011), is based on the stock return spread between aggregate investment and consumption
good producers. The third measure, gIMC, first used by Kogan and Papanikolaou (2014),

is the growth rate spread between aggregate investment and consumption.

Using a standard Fama and MacBeth (1973) two-stage estimation procedure and a
broad cross-section of 40 test assets (10 size, 10 B/M, 10 momentum, and 10 industry
portfolios) from 1930 to 2012, we obtain positive and significant estimates of the IST risk
premium. Combining these findings with the estimates of IST loadings, we infer that
only the exposure to Ishock can explain a sizable part (up to 62%) of the value premium,
while the explanatory power of the other two measures is much weaker (at most 35%).
For momentum, we find that the two macro-based IST measures (Ishock and gIMC') can
explain a sizable fraction of momentum profits (up to 46%). However, for all three IST
measures, we strongly reject the hypothesis that exposure to IST shock can explain the full
magnitude of momentum profits. We confirm that these results are qualitatively similar if
we exclude the Great Depression period and limit the analysis to the post—World War 11
sample from 1948 to 2012.

Our finding that one of the IST measures, Ishock, can explain a large fraction of the
value premium in the 1930-2012 sample, is broadly consistent with that of Papanikolaou
(2011) and Kogan and Papanikolaou (2014), who use IST risk exposure to explain the
value effect. However, our analysis also shows that the ability of IST shocks to account
for the value effect crucially depends on the sample period used. For example, none of the
three IST measures can generate sizable value premia in the post-1963 sample (exposure
to IST shocks can explain at most 24% of the value premium, in the annual sample, and at

most 4%, in the quarterly sample). Similarly, our finding that macro-based IST measures



can explain a sizable fraction of momentum profit in the 1930-2012 sample is broadly
consistent with Li (2013), who uses IST shocks to explain momentum profits. However,
as for the case of the value premium, the effect of IST shocks on momentum is also sample-
dependent. For example, none of the three IST proxies can generate sizable momentum
profits in the quarterly post-1963 sample. Exposures to IST shocks can explain at most
2% of momentum profits.

For the more recent 1964-2012 sample, risk exposures to IST shocks fail to explain not
only value premium and momentum, but also return spreads of cross sectional portfolios
based on: (i) Asset growth rate, (ii) Net share issues, (iii) E/P ratio, and (iv) Accrual.
Therefore, while IST shocks appear to have some explanatory power for the value premium
in the full sample, their explanatory power for cross sectional equity returns diminishes
in the more recent sample. Our results are robust to the use of different test assets in the

estimation of the IST price of risk.

Our positive estimates of the IST risk premium from 1930-2012 stand in contrast
to the negative estimates that Papanikolaou (2011) and Kogan and Papanikolaou (2013,
2014) obtain using post-1963 data. To understand and reconcile this difference, we first
replicate and confirm their negative estimates using post-1963 data and a cross-section of
ten book-to-market portfolios. We then document that the inference based on the three
proxies of IST shocks depends crucially on both the sample period and the test assets
employed. For example, using the ten book-to-market portfolios as the only test assets,
the estimated IST risk premium is negative for post-1963 but positive for pre-1963 data.
Moreover, even for post-1963 data, the IST risk premium is positive when estimated from
a cross-section of test assets that is broader than the ten book-to-market portfolios. We
further show that the inference on IST risk premium also depends on the econometric
model specification. For example, using the post-1963 sample of ten IMC-beta sorted
portfolios as test assets, we find that, consistent with Kogan and Papanikolaou (2014),
IST risk premium estimates are negative and significant when we ignore the intercept in
cross-sectional regressions. However, if we allow for an intercept, the IST risk premium

estimates become indistinguishable from zero and the intercept estimate is significant.



For robustness, we finally show that IST estimates from Fama-MacBeth regressions are

equivalent to those obtained from the Generalized Method of Moments (GMM) approach.

Our finding that the sign of the IST risk premium differs across test assets and sample
periods has important implications for theoretical models. For example, in the general
equilibrium model of Papanikolaou (2011), IST risk premia are negative because a positive
IST shock induces a drop in consumption, hence increasing marginal utility. This makes
an asset with positive IST exposure a “hedge” against consumption risk. On the other
hand, Garlappi and Song (2016a) show that if firms can increase their capital utilization
upon a positive IST shock, consumption may increase rather than decrease. This in turn
implies that marginal utility may be lower upon a positive IST shock. In this case, an
asset with positive IST exposure is risky and therefore demands a positive risk premium.?

Finally, we document evidence indicating the existence of measurement problems in
commonly used IST proxies. For example, we find that while the two macro-based proxies
of IST shocks, Ishock and gIMC| seem to have strong comovement with both the aggregate
consumption and investment, such a comovement weakens in the more recent sample. In
contrast, the return-based IST proxy, IMC, does not comove with either investment or
consumption, indicating potentially larger measurement errors for this IST proxy. These
findings call for more effort in addressing the measurement problems in IST proxies.

Our paper is closely related to the recent finance literature that studies the effect of
IST shocks on asset prices. Papanikolaou (2011) is the first to study the implications
of these shocks for asset prices in the cross-section of stocks. He introduces IST shocks
in a two-sector general equilibrium model and shows how financial data can be used to
measure [ST shocks at a higher frequency. In a partial equilibrium setting, Kogan and
Papanikolaou (2013, 2014) explore how IST shocks can explain the value premium as well
as other return patterns in the cross-section that are associated with firm characteristics,

such as Tobin’s , past investment, earnings-price ratios, market betas, and idiosyncratic

2 Another important channel that affects the sign of the IST risk premium is the investors’ preferences
toward the resolution of uncertainty. For example, under the preference specification adopted by the
long-run risk literature (e.g., Bansal and Yaron (2004), Ai, Croce, and Li (2013), Croce (2014)), Garlappi
and Song (2016a) show that IST shocks demand a positive risk premium. This contrasts with the negative
IST risk premium under the preference specification in Papanikolaou (2011).



volatility of stock returns. Li (2013) proposes a rational explanation of the momentum
effect in the cross-section by using investment shocks as the key risk factor. Yang (2013)

uses investment shocks to explain the commodity basis spread.?

We make three contributions to the literature on cross-sectional asset pricing. First,
we provide a thorough empirical analysis of the effect of investment-specific shocks on the
value premium, momentum profits and other significant cross-sectional return patterns.
The long sample period (1930-2012) we consider in this paper offers an “out-of-sample”
analysis that complements existing studies in which the focus is mainly on relatively
recent data (post-1963). Second, the new evidence we provide sheds some light on the
economic mechanisms proposed in existing general equilibrium models with IST shocks,
and therefore enhances our understanding of the effect of IST shocks on asset prices.
Third, we highlight the existence of potentially severe measurement problems in commonly
used IST proxies and call for more effort in future research that aims to use IST shocks

to study the behavior of asset prices and macroeconomic quantities.

The rest of the paper is organized as follows. Section 2 describes the data. Section
3 provides empirical evidence from cross-sectional analysis. Section 4 compares our em-
pirical findings on the IST risk premium with the existing literature. Section 5 provides
further discussions on the measurement issues related to IST proxies and future research

directions. Section 6 concludes. Appendix A contains details of the data we use.

2 Data

In this section, we briefly describe the construction of the empirical measures of IST
shocks and report their statistical properties. Due to data availability, we consider two
samples in our analysis. The first sample consists annual data from 1930 until 2012, for

which both B/M and momentum portfolios are available. To allay the concern that this

30ur paper is also broadly related to a large body of literature that uses heterogeneity in firms’
investment decisions and their exposures to disembodied productivity shocks to explain cross-sectional
returns, as pioneered by Cochrane (1996) and Berk, Green, and Naik (1999). Significant contributions
to this literature that are closely related to the cross-sections we study include Carlson, Fisher, and
Giammarino (2004) and Zhang (2005) for the value effect, and Sagi and Seasholes (2007) and Liu and
Zhang (2008, 2014) for the momentum effect.



sample period contains the tumultuous time of the Great Depression, for robustness, we
also consider post-World War II data, both at the annual and quarterly frequency. The
second sample consists data from 1964 to 2012, for which all the cross-sectional returns
we consider are available at both annual and quarterly frequency. Appendix A contains

a more detailed description of all the data we use.

2.1 Measures of IST shocks

Because IST shocks are not observable, we need to rely on plausible empirical proxies.
We choose three IST proxies that are designed to capture different aspects of IST shocks.
The first proxy, Ishock, focuses on the effect of IST shocks on the price of capital goods.
The second proxy, IMC, focuses on the effect of IST shocks on stock returns of firms in
the investment vs. consumption sector. The third proxy, gIMC, focuses on the effect of

4 By relying on a

IST shocks on the growth of aggregate investment and consumption.
variety of proxies we aim to provide a comprehensive and thorough investigation on the
effect of IST shocks on the cross section of equity returns. We now describe in detail the

construction of these three proxies.

2.1.1 IST proxy based on the relative price of capital goods: Ishock

Our first measure of IST shocks, Ishock, was originally proposed by Greenwood, Hercowitz,
and Krusell (1997) and is the change in the price of investment goods relative to that of

nondurable consumption goods. Specifically, for period ¢, Ishock is defined as
Ishock, = — (ln (Pr/Pc), —In (PI/PC)FI) , (1)

where Pj is the price deflator for equipment and software of gross private domestic in-
vestment, and Py is the price deflator for nondurable consumption goods. The price

deflator for nondurable consumption goods, P, is from the National Income and Prod-

4We also repeat the analysis of this paper using a fourth IST proxy that we construct from the first
principal component extracted from these three proxies. The results are qualitatively similar to those
inferred from the Ishock and gIMC proxies and are available upon request.



uct Accounts (NIPA) tables. The price deflator for investment goods, Pj, is from the
quality-adjusted series of Israelsen (2010).°

The idea behind this measure is intuitive. If a new investment-specific technology
improves the production of investment goods, the increased supply of investment goods
would lead to a drop in the price of investment goods relative to consumption goods.
That is, a positive IST shock leads to a reduction in the relative price of equipment, and

therefore, a positive value for Ishock.

2.1.2 IST proxy based on return spreads: IMC

Our second measure of IST shocks, IMC, was originally proposed by Papanikolaou (2011)

and is the return difference between investment and consumption sectors,
IMC, =rl —»C, (2)

where 7/ and r¢ are the returns of firms producing investment goods and consumption
goods, respectively. The classification of a firm as belonging to the consumption or invest-
ment sector is based on the procedure of Gomes, Kogan, and Yogo (2009), who classify
each Standard Industry Classification (SIC) code into either investment or consumption

sector based on the 1987 benchmark input-output accounts.

The rationale for using the IMC return as a measure of IST shocks is that, under the
assumptions of the two-sector general equilibrium model of Papanikolaou (2011) or the
vintage capital partial equilibrium model of Kogan and Papanikolaou (2013, 2014), firms
producing investment goods (investment firms) and consumption goods (consumption
firms) have the same loadings on the neutral productivity shock, but different loadings
on IST shocks. If so, the return spread between investment and consumption firms loads
only on IST shocks and can therefore be used as an alternative proxy for these shocks.
Because it is constructed from financial markets data, the /M C measure has the advantage

of being available at a higher frequency than Ishock.

5We are grateful to Ryan Israelsen for sharing with us the annual series of quality-adjusted prices from
1930 to 2012.



2.1.3 IST proxy based on sectoral growth spreads: gIMC

Our third measure of IST shocks, gIMC, is the growth rate difference between aggregate

investment and consumption,

gIMC, =g/ — gt (3)

where g/ and g¢ are the log growth rates of aggregate investment and consumption,
respectively. The intuition behind the g/M(C measure is similar to that of IMC. In a model
with both neutral TFP shocks, affecting equally both investment and consumption, and
capital-embodied IST shocks, affecting only investment, the growth difference between
investment and consumption should be closely related to IST shocks. We take the spread,
gIMC' between growth rates as a proxy for IST shocks. Note that gIMC' is equivalent to
the growth rate in the investment-to-consumption ratio used by Kogan and Papanikolaou

(2014).

2.2 Time-series properties of IST measures

Table 1 reports summary statistics of the three IST measures and their correlations with
macro factors (the growth rates of consumption expenditures, GDP, and TFP) and return
factors (market, size, value, and momentum). The two macro-based measures, Ishock and
gIMC, are available from 1930 at the annual frequency and from 1948 at the quarterly
frequency. We also reports results for the post-1963 period at both annual and quarterly
frequency.

The annual mean and standard deviation for Ishock over the entire sample period
(1930-2012) are 3.45% and 3.68%, respectively. The average Ishock is positive and sig-
nificant for all the sample periods we report. In other words, according to the Ishock
measure, we do observe improvement in investment-specific technology in the US econ-
omy. In contrast, the averages of IMC and gIMC are not significant across different
sample periods. This lack of significance is potentially due to the fact the volatility of

these measures is much higher than that of Ishock.



The contemporaneous correlations of Ishock with the growth rate of personal con-
sumption expenditure (PCFE), GDP, and TFP are, respectively, 0.20, 0.46, and 0.22 over
the entire 1930-2012 annual sample and become statistically insignificant in the postwar
1948-2012 sample and over the more recent 1964-2012 sample. Unlike Ishock, IMC' does
not exhibit any significant correlation with the macro factors in the annual time series.
However, in the quarterly time series spanning the 1948-2012 period, IMC' is positively
correlated with all three macro factors. The growth spread, gIMC; is positively correlated

with the three macro factors across different sample periods.

The correlation between IST proxies and the return factors (market (MKT), size (SM-
B), value (HML), and momentum (UMD)) are time-varying. For example, the correlation-
s of Ishock with Fama-French 3-factors are all positive and significant for the 1930-1963
period, and they all turn negative over the 1964—2012 period. A similar switch also hap-
pens for the correlation between IMC and HML.Y Note also that the two macro-based
proxies, Ishock and gIMC, are positively correlated with the momentum factor, however,
the financial-based proxy, IMC' is uncorrelated with momentum.

The last three columns of Table 1 report the correlation matrix for the three IST
measures. The highest correlation is 0.34 between Ishock and gIMC' over the 1964-2012
annual sample period. Overall, the low level of correlation among IST proxies indicates the
existence of a potential measurement issue with these proxies, as we discuss in Section 5.

In summary, the analysis in this section shows that the measures of IST shocks in-
troduced in Subsection 2.1 are pro-cyclical and exhibit positive correlation with return
factors. The subsample analysis suggests that the statistical properties of these mea-
sures are time-varying. We formally investigate the asset pricing implications of this time

variation in Section 3.

6The sign change in the correlation between HML and the two IST proxies is interesting. Together
with the findings in the prior literature documenting that the CAPM holds well in the early subsample
but not in the late one (see, e.g., Davis, Fama, and French (2000), Campbell and Vuolteenaho (2004),
Ang and Chen (2007), and Fama and French (2006)), the evidence in Table 1 seems to indicate that HML
experiences some kind of “structural break” around 1963. One plausible explanation for such a change
in HML is the “changing nature” of book-to-market portfolios. For example, Chen (2014) finds a similar
structural break in the relative growth rate of cash-flow of value vs. growth firms: dividends of value
stocks grow faster (slower) than those of growth stocks in the pre-1963 (post-1963) sample.
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2.3 Cross-sectional test assets

To estimate the risk premium of IST shocks, we choose a cross-section of 40 test portfolios:
size deciles, book-to-market deciles, momentum deciles, and ten industry portfolios. The
first 30 portfolios have been used in the literature as test assets for the estimation of
risk premia of aggregate risk factors (see for example, Liu and Zhang (2008) and Cooper
and Priestley (2011)). Because the impact of investment shocks is likely to differ across
industries, we also include ten industry portfolios in the set of test assets. These 40 test
portfolios are all available for the 1930-2012 sample period. To assess the robustness of
the IST risk premium estimates, we also consider an alternative set of 40 test portfolios
that include: profitability deciles, asset growth deciles, volatility deciles, and net share
issues deciles. These alternative test portfolios are available only for the more recent
1964-2012 sample period.

Due to data availability, we study the effect of IST exposure on cross-sectional return
spreads generated by book-to-market (high minus low B/M) and momentum (winners
minus losers) in the 1930-2012 sample. For the more recent 1964-2012 sample period,
we broaden our analysis to include four additional return spreads that are generated by:
(i) asset growth (low minus high growth), (ii) net share issues (low minus high issues),
(iii) earning-to-price (high minus low E/P), and (iv) accrual (low minus high accrual).
We study the explanatory power of the IST shocks on these six cross-sections, which all

show significant return spreads in the sample.

3 IST shocks and cross sectional equity returns

In this section, we empirically investigate whether well-known cross-sectional return pat-
terns in equity returns can be linked to firms’ exposure to IST shocks. We first estimate
the risk premium of IST shocks via Fama-MacBeth regressions in Section 3.1. We then
assess whether exposure to IST shocks can explain the observed cross sectional variation
in equity returns over two sample periods. In Subsection 3.2, we study the value premium

and momentum spread for the 1930-2012 annual sample. In Subsection 3.3, we expand
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our analysis to all the six cross-sections described in Subsection 2.3 for the more recent
1964-2012 sample period. In Section 3.4, we provide further robustness analysis by using
alternative test assets in estimating the IST risk premium and the post-WWII sample for

value and momentum, where both annual and quarterly data are available.

3.1 The IST risk premium

To estimate the IST risk premium, we rely on standard two-stage Fama and MacBeth
(1973) regressions in which we use as proxies for IST shocks the measures described in
Section 2.1. We estimate the IST risk premium for two samples. The first is the full 1930—
2012 sample, for which we have cross-sectional return data on the B/M and momentum
portfolios that we study in Section 3.2. The second is the more recent 1964-2012 sample,
for which we have return data for all the six cross-sections that we study in Section 3.3.
In both cases, we use the respective samples (i.e., either 1930-2012 or 1964-2012) in
the first-stage time-series regressions to estimate the risk loadings of the 40 test assets
described in Section 2.3. We then use the same test assets in the second-stage cross-

sectional regressions to estimate the IST risk premium.

When estimating the IST risk premium, we control for a common, disembodied, ag-
gregate factor in the economy which we measure using three different proxies: (i) the
market excess return (MKT), (ii) the growth rate of TFP, and (iii) the growth rate of
consumption (¢gC'). For each proxy of IST shocks, we estimate the IST risk premium both
in univariate and bivariate models, where we control for the common aggregate factor.
Details of the construction of MKT, TFP, and gC are in Appendix A. Since the be-
tas used in the second-stage regressions are estimated, we correct the standard errors
and t-statistics following Shanken (1992). In addition, we also adjust the t-statistics in
the second-stage estimation for potential autocorrelation and heteroskedasticity following
Newey and West (1987).

Panel A of Table 2 reports the risk premium estimates from the second stage of
Fama-MacBeth regressions using the full 1930-2012 annual sample. The risk premium

estimates from Ishock are positive and significant. For example, in the univariate model
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(model (1a)), the risk premium for Ishock, Ajspock, 18 3.77% per year with a t-statistic
of 2.35. The results are similar after we control for one of the three common factors in
bivariate cross-sectional regressions (models (1b), (1c), and (1d)).

The risk premium estimates from IMC (Ajp¢) are also positive in both univariate
and bivariate models. The point estimates vary from 0.55% (model (2¢)) to 3.83% (model
(2a)). However, none of the estimates is statistically significant. The risk premium
estimates from gIMC (A1) are also positive in both univariate and bivariate models.
However, the point estimates and the statistical significance are model-dependent. For
example, estimates of A\jrpc are high and significant after controlling for MKT (9.59%
in model (3b) with ¢-stat of 3.05) or TFP (8.28% in model (3c) with ¢-stat of 2.38). In
contrast, in both the univariate model (3a) and the bivariate model (3d) with ¢gC' as the
second factor, the A\grarc estimates are relatively low and insignificant.

Panel B of Table 2 reports the risk premium estimates from the more recent 1964-2012
annual sample. In contrast to the full 1930-2012 sample, the IST risk premium estimates
are mostly insignificant. Only in the bivariate models of gIMC with MKT (model (3b))
and TFP (model (3c)), the IST risk premium estimates are positive and statistically
significant.

In summary, the results in Table 2 indicate that, based on annual data from 1930 to
2012, IST shocks demand a positive risk premium. However, the statistical significance
of the estimates depends on the empirical proxy for IST shocks (Ishock, gIMC, or IMC),

the regression model considered, and the sample period.

3.2 Cross-sectional returns in the 1930-2012 period

In this subsection, we study the effect of IST shocks on cross-sectional returns in the 1930—
2012 sample. Data availability allows us to focus only on two cross-sections, namely, B/M
and momentum portfolios. We expand our analysis to broader cross-sections in the more

recent sample period in the next subsection.
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The contribution of IST shocks to an asset’s risk premium is the product, A;s7 X Brsr,
of the IST risk premium, A;s7, and the IST loading of the asset’s returns, B;sr. In the
previous subsection we determined the IST risk-premium A;¢7 via a two-stage Fama-
MacBeth regression. To assess whether IST shocks can explain the value and momentum
effect, it is necessary to estimate the IST loadings S;sr of book-to-market and momentum
portfolios. In this section, we compute the loadings via time series regressions over the

entire 1930-2012 sample period.

Panel A of Table 3 reports the returns and IST loadings of ten book-to-market sorted
portfolios for the 1930-2012 annual sample. The portfolio excess returns r increase from
6.61%, for the growth portfolio (low decile), to 13.67%, for the value portfolio (high decile),
implying a statistically significant difference of 7.05% per annum (with t-stat=2.56). The
IST beta loadings are obtained from time series regressions of portfolio excess returns on
the chosen measure of IST shock, i.e., Ishock, IMC, or gIMC. In general, IST loadings of
value stocks are higher than those of growth stocks. However, the difference between IST
betas of value and growth portfolios are not statistically significant. For example, the
univariate beta loadings on Ishock, Brspock, increase from 0.22; for the growth portfolio,
to 1.19, for the value portfolio. Similarly, the univariate beta loadings on IMC, By,
increase from 0.66, for the growth portfolio, to 1.09, for the value portfolio. The general
pattern is similar for bivariate betas (not tabulated), obtained from time-series bivariate
regressions that include, in addition to the IST proxy, either the market factor, MKT, the
growth rate of total-factor productivity, TFP, or consumption growth, ¢C.

Panel B reports the corresponding quantities for the momentum deciles. The excess
returns, r, increase from 0.8%, for the portfolio of losers, to 15.70%, for the portfolio
of winners, implying a statistically significant difference of 14.9% per annum (with ¢-
stat=5.47). Betas on Ishock and gIMC also show an increasing pattern from losers to
winners. For example, the univariate beta loadings on Ishock, Brshock, increase from —0.47,
for the loser portfolio, to 1.22 for the winner portfolio, resulting in a beta difference of
1.69 with ¢-stat of 1.80. The significance of the beta difference between winners and losers

is much higher for gIMC (t-stat=2.56). In contrast, IMC betas are lower for winner
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portfolios than for loser portfolios. For example, the univariate beta loadings on IMC;
Brue, decrease from 1.13, for the loser portfolio, to 0.83 for the winner portfolio, resulting
in an insignificant beta for winners-minus-losers. As for book-to-market portfolios, the
bivariate IST betas for momentum portfolios (not tabulated) show a similar pattern as
the univariate betas. In summary, for all IST measures, with the exception of IMC, IST

betas of value portfolios (winners) are larger than those of growth portfolios (losers).

Note that the IST betas reported in Table 3 are statistically insignificant when the two
macro-based measures (Ishock and gIMC') are used, but highly significant if the return-
based measure (IMC') is used. Our further analysis indicates that the insignificance of the
time series IST beta estimation is a result of time variation in the IST betas. Specifically,
the Ishock betas are positive and significant in the pre-1963 subsample but negative and
significant in the post-1963 subsample. The full sample beta is effectively the average of
the betas over the two sample periods. The opposite signs of betas over the two sample
periods explain the low statistical significance of the full sample estimates. This time
variation in IST betas indicates the importance to investigate the IST pricing effect in
subsamples, as we do in Subsection 3.3. In addition, the IST betas reported in Table 3 are
not monotonic in the sorting characteristics, indicating potential measurement problems

in IST proxies, which we discuss further in Section 5.

The above estimates of IST betas, together with the IST risk premium estimates of
Section 3.1, allow us to calculate the fraction of value premium and momentum profits
that can be explained by exposure to IST shocks. The realized value premium, HM L, is
the difference in the return between the High and Low book-to-market portfolios. Over the
19302012 sample period the value premium is 7.05% per annum as reported in Table 3.
The component of value premium explained by IST shocks, which we denote by BrsrArst,
is equal to the product of: (i) the spread in betas 557 between value and growth portfolios
(from Table 3), and (ii) the estimate of the risk premium A;gr for IST shocks (from Panel
A of Table 2). We refer to the quantity S;srArsr as the ezpected value premium from
exposure to IST shocks. For example, using univariate Ishock betas, Brshock, from Panel A

of Table 3, and the IST risk premium Ajg,0cr from the single factor model (1a) in Panel A
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of Table 2, the IST component of the value premium is SrsrArsr = 0.98 x 3.77% = 3.69%
per annum. Given an observed value premium of 7.05%, this means that Ishock can
explain 52% of the observed value premium. We follow a similar procedure to determine
the contribution of IST shocks to momentum profits. For the cases with two factors, the
model-implied expected return HML (or m) includes the contributions from both
the IST risk and the second risk factor (MKT, TFP or gC) calculated in a similar fashion.

Panel A of Table 4 reports the results for the value premium. Three points are worth
mentioning. First, Ishock risk exposure explains 52% of the value premium (column
labeled %) in the univariate model, close to 40% in bivariate models that use MKT
and TPF as aggregate factors, and 62% in the bivariate model that uses gC as the
aggregate factor. The column labeled “t(diff1)” reports the ¢-statistics for the test of the
null hypothesis that IST shocks explain the value premium (BrsrArsr — HML = 0).7
The t-statistics for these tests reveal that, with a 5% significance level, we cannot reject
the hypothesis that exposure to Ishock explains the value premium. Second, exposure to
IMC can only explain a small fraction of the value premium (ranging from 3% to 23%,
depending on models), and we reject the hypothesis that IMC risk exposure can explain
the value premium. Finally, exposures to gIMC generate negative value premium and

therefore fail to explain the observed positive value premium.

Panel B reports the corresponding results for momentum profits. Exposures to Ishock
explain about 28% to 43% of momentum profits, but we reject the hypothesis that Ishock
exposures can explain the magnitude of momentum profits (see the t-statistics in column
“t(diff1)”). From the IMC proxy of IST shocks, we typically infer negative expected
momentum profits (SrsrArsr). Finally, gIMC generates positive expected momentum
profits, but we reject the hypothesis that it can explain the magnitude of these profits.

Our finding that, using annual data, Ishock exposures can explain a sizable fraction
(ranging from 28% to 43%) of momentum profits is broadly consistent with Li (2013), who

claims that IST shocks can explain the momentum effect. However, as discussed above,

"Similarly, the column labeled “t(diff2)” reports the t-statistics for the test of the null hypothesis that
the bivariate models explain the value premium (HML — HML = 0).
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we reject the hypothesis that exposure to Ishock can explain the magnitude of momentum
profits. Moreover, our analysis provides two new findings that challenge the claim that
IST exposures explain momentum. First, in contrast to Ishock, the IMC measure does not
have any explanatory power for momentum. Second, as we will show in Subsection 3.4,
the explanatory power of Ishock is very low when using post—-WWII data, explaining at

most 15%, when using annual data, and only 4%, when using quarterly data.

In summary, our analysis suggests that, over the entire 1930-2012 sample, Ishock ex-
posures can explain a large fraction of the value premium, IMC' exposures can only explain
a much smaller fraction, and gIMC exposures generate a counterfactual growth premium.

Finally, none of the three IST exposures can capture the magnitude of momentum profits.

3.3 Cross-sectional returns in the more recent 1964-2012 period

To broaden the scope of our study, we extend the analysis of the previous subsection
to four additional cross sections of assets sorted by: (i) asset growth rate, (ii) net share
issues, (iii) E/P ratio, and (iv) accrual. We chose these portfolios because they exhibit
significant cross sectional return spreads.

For all these cross sections, Table 5 follows the same structure of Table 4 and reports
the expected return spread attributable to exposures to IST risks. In estimating the
expected returns, the risk premium for IST shocks, Ajs7, is taken from Panel B of Table 2.
Since the results are similar across univariate and bivariate models, we report only the
univariate results for simplicity.

The results reported in Table 5 indicate that, for the recent 1964-2012 sample, risk
exposures to IST shocks fail to explain not only the B/M and momentum effects, but also
the other four cross-sectional return spreads. We conclude that, even though IST shocks
have some explanatory power for the value premium in the full sample, their explanatory

power for cross sectional equity returns dwindles in the more recent sample.
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3.4 Robustness

In this subsection we assess the robustness of our results along two dimensions. First, to
allay the concern that the risk premia estimates from the 1930-2012 sample are affect-
ed by the episodes of high volatility of the Great Depression, we repeat the analysis of
Subsection 3.2 on post—World War II data at both the annual and quarterly frequency
(1948Q1-2012Q4). Second, we assess the robustness of our results to the choice of test
assets used in the estimation of the IST price of risk. In particular, we repeat the anal-
ysis by choosing the alternative set of 40 test assets described in Subsection 2.3, which
includes decile portfolios sorted along four different characteristics: (i) profitability, (ii) as-
set growth rate, (iii) volatility, and (iv) net share issues. Because most of these portfolios
require accounting data, our robustness analysis using alternative test assets is limited
to the post-1963 sub-sample. To save space, we summarize below the main findings from
our robustness analysis.

The IST risk premium estimates from the 19482012 period are qualitatively similar
to those from the 1930-2012 period. That is, these estimates tend to be positive in both
univariate and bivariate models and across all three proxies considered. However, the
statistical significance is generally lower than those reported in Table 2. Using these IST
risk premia estimates we find that, consistent with our original analysis, exposure to IST
shocks do not explain cross sectional return spreads in the post-WWII subsample.

The IST risk premium estimates based on the alternative set of 40 portfolios for the
19642012 sample are reported in Table 6. The differences between Panel A of Table 6 and
Panel B of Table 2 reflect the sensitivity of IST risk premium estimates to the test assets.
Comparing the two panels, the estimates for Ishock and IMC' are qualitatively similar, but
the risk premium on gIMC' changes from positive and significant, in Table 2, to negative
and insignificant, in Table 6. Panel B of Table 6 reports the risk premium estimates
using quarterly data from the 1964Q1-2012Q4 sample. In contrast to the annual data in
Panel A, the quarterly Ishock risk premium estimates are positive and highly significant.

Using these alternative test assets to estimate the IST risk premium, we confirm the
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findings in Subsection 3.3, namely, that risk exposures to IST shocks fail to explain a

large fraction of all the six cross-sectional return spreads considered.

In summary, excluding the Great Depression from our analysis does not change in
a significant way our main conclusion from the analysis based on the annual 1930-2012
sample in Subsection 3.2, and using alternative test assets for 1964-2012 sample provides

qualitatively similar results as those reported in Subsection 3.3.

4 Comparison with the existing literature

As we discussed in Subsection 3.2, our finding that macro-based IST measures (e.g.,
Ishock and gIMC') can explain a sizable fraction of momentum profit in the 1930-2012
annual sample is broadly consistent with Li (2013), who argues that Ishock can explain
momentum profits. However, our analysis also shows that the effect of IST shocks on
momentum is sample-dependent.

Our finding that one of the IST measures, Ishock, can explain a large fraction of
the value premium in the 1930-2012 annual sample, is broadly consistent with that of
Papanikolaou (2011) and Kogan and Papanikolaou (2014), who use IST risk exposure to
explain the value effect. However, similar to the case of momentum, our analysis also
shows that the ability of IST shocks to account for the value effect depends on the sample
period and on the IST proxy used. Setting aside these sensitivity issues, our findings differ
from the existing studies in a very important qualitative dimension. While our estimate
of the IST risk premium is positive (see Table 2), Papanikolaou (2011) and Kogan and
Papanikolaou (2013, 2014) document a negative risk premium of IST shocks.

This difference in the sign of the IST risk premium has at least two important impli-
cations. First, a positive IST risk premium implies that in a representative-agent general
equilibrium model, the agent’s marginal utility is low under a positive IST shock and
therefore, assets whose payoff positively correlate with IST shocks are risky. On the other
hand, a negative IST risk premium implies that positive IST beta assets are a “hedge”

against consumption risk. Second, the sign of the cross-sectional risk premium due to IST
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risk exposure depends directly on the sign of the IST risk premium. To understand the
source of this discrepancy with regard to the sign of the IST risk premium estimates, it is
therefore important to compare our findings with those reported in the existing literature.

There are three main differences between our analysis and that of Papanikolaou (2011)
and Kogan and Papanikolaou (2013, 2014). First, their analysis is based on post-1963
annual data, while we rely on a longer annual sample spanning from 1930 to 2012, and, in
the post-1963 period, consider also quarterly data. Second, their estimate of the IST risk
premium is based on cross-sections of test portfolios that are different from the set of 40
test portfolios that we use.® Third, their estimates of the IST risk premium are obtained
via the Generalized Method of Moments (GMM) while we use a two-stage Fama-MacBeth

methodology.

In Subsection 3.1 we have shown that the IST risk premium estimates are mostly
positive even in the post-1963 sample (see Panel B of Table 2). This indicates that, in
order to understand our findings in light of the existing literature, besides the sample
period difference, it is important to investigate the role played by the choice of test
assets and the econometric methodology. We undertake such a task in this section. In
Subsection 4.1, we show that the IST risk premium estimates are sensitive to the test
assets used. In particular, we find that if, instead of the 40 portfolios used in Section 3, we
restrict the set of test assets to only ten book-to-market portfolios, the IST risk premium
estimates can switch from positive, in the early sample, to negative, in the more recent
sample. Similarly, we show that the IST risk premium estimates may be sensitive to the
econometric model specification. For example, using the post-1963 sample of IMC-beta
sorted portfolios, the IST risk premium estimates can switch from negative and significant,
under the assumption of a zero cross-sectional intercept, to indistinguishable from zero if

we allow nonzero intercept in the cross-sectional estimation. Finally, in Subsection 4.2,

8Specifically, Kogan and Papanikolaou (2013) estimate the IST risk premium using a cross-section of 20
portfolios obtained by taking the first, second, ninth, and tenth decile portfolios from each of the following
five cross-sectional sorts: Tobin’s ¢, investment-to-capital ratio (I/K), price/earning ratio (P/E), market
beta (M BETA), and idiosyncratic volatility (IVOL). Kogan and Papanikolaou (2014) estimate the IST
risk premium using three separate cross-sections: (i) ten IMC beta sorted portfolios, (ii) ten book-to-
market sorted portfolios, and (iii) 30 Fama and French (1997) industry portfolios.
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we compare our Fama-MacBeth estimates with those from GMM and show that the two
approaches generate equivalent point estimates and differ only slightly in their statistical

significance.

4.1 Different test assets in risk premium estimation

4.1.1 Book-to-market portfolios only

Panel A of Table 7 reports the IST risk premium estimates obtained from Fama-MacBeth
regressions on ten book-to-market portfolios over the 1964-2012 annual subsample. This
set of test assets and sample period have been used by Kogan and Papanikolaou (2014)
in their estimation of the IST risk premium. Consistent with Papanikolaou (2011) and
Kogan and Papanikolaou (2013, 2014), the IST risk premium estimates obtained through
either the Ishock or IMC measures are negative, with the exception of the estimate
obtained from the /M C measure after controlling for TFP (model (2c¢)), which is positive
but statistically insignificant. The risk premia obtained from the g/IMC measure are
insignificant.

To assess the robustness of the above estimates, we repeat the above estimation on the
earlier subsample ranging from 1930 to 1963. Panel B in Table 7 reports the risk premia
estimates obtained over this sample period. Risk premia estimates for Ishock, and IMC
are positive, although not statistically significant. The estimates from gIMC' are mostly
negative but insignificant. These estimates are in sharp contrast to the negative values
obtained in Panel A. In Panel C we combine both subsamples and estimate risk premia
over the entire 1930-2012 sample. Over this sample period, the risk premia estimates
for Ishock and IMC are positive and statistically significant for at least three models
(2a, 2c, and 2d). In contrast, estimates from gIMC are mostly negative and statistically
insignificant.

Our analysis based on book-to-market portfolios as test assets suggests that the esti-
mates of the IST risk premium is sensitive to both the sample period and the test assets.

Estimates from only book-to-market portfolios are typically negative in the more recent
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1964-2012 sample but are positive in both the earlier 1930-1963 sample and in the entire
19302012 sample. In contrast, as illustrated in the results of Table 2, our estimates of
the IST risk premium using a set of 40 test assets are much less sensitive to the sample
period used. This finding illustrates the importance of using a broad cross-section con-
sisting of test assets sorted along different firm characteristics when estimating the IST

risk premium.’

4.1.2 IMC-beta portfolios only

Kogan and Papanikolaou (2014) also use IMC-beta sorted portfolios as test assets and
report significant negative IST risk premia estimates. For comparison, we also employ
the ten IMC-beta sorted portfolios to estimate the IST risk premium. Table 8 reports
the results. The risk premium estimates obtained over the 1930-2012 sample are indistin-
guishable from zero. Moreover, for the post-1963 sample, the IST risk premium estimates
are sensitive to the econometric model specification. For example, when we allow for a
constant term (the “Intercept”) in the second-stage cross-sectional regressions, Panel B
shows that the IST risk premium estimates are indistinguishable from zero. However,
Panel C shows that the IST risk premium estimates become negative (except for the case
where only IMC is used, model(2a)) and mostly significant if we restrict the intercept to
be zero. Note that the intercept estimates in Panel B are all significantly different from
zero (the only model for which we cannot reject a zero intercept is model (2b) with a
t-stat of 1.61). This indicates that restricting the intercept to be zero as in Panel C can
bias the estimates of the IST risk premium. As we will discuss below, the Fama-MacBeth
approach without an intercept is equivalent to the GMM methodology used by Kogan
and Papanikolaou (2014). This explains why they find a negative and significant IST risk
premium, while our estimates, which are obtained by allowing for a nonzero intercept, are

indistinguishable from zero.

9We also estimate the IST risk premium using only 30 industry portfolios. The estimates are mostly
positive (but insignificant) for the 19302012 sample period and negative (but insignificant) for the 1964
2012 period. Results are available upon request.
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4.2 Different econometric methodologies: Fama-MacBeth ver-
sus GMM

Our analysis relies on two-stage Fama-MacBeth regressions in estimating the IST risk
premium. In principle, the Fama-MacBeth approach allows for flexibility in the choice of
the sample used for estimating betas (e.g., full-window vs. rolling-window estimates).'°
However, the majority of studies that estimate the IST risk premium do so by using GMM
to recover the price of risk parameter in a stochastic discount factor (SDF), where one of
the risk sources is the IST shock. Theoretically, under the assumption that the regressors
are not time-varying the estimates from the two methodologies should be identical and
the difference should only concern the computation of the standard errors of the estimates
(see Section 12.3 in Cochrane (2005)). In this subsection we verify that our analysis is
indeed unaffected by whether we rely on two-stage Fama-MacBeth regressions or on GMM

when estimating the IST risk premium.

The GMM approach usually starts by positing a model for the SDF, e.g.,
m=a—b,Ax — b,Az, (4)

where a is a constant, b, and b, are the prices of risk for the two shocks, = and z,
respectively. In our setting, z is the capital-embodied IST shock and z is the disembodied
shock (e.g., MKT, TFP, or gC), and Az and Az denote innovations to these shocks.
The model pricing errors are used as moment restrictions. That is, to estimate the
parameters a, b,, and b, in (4) we require that the SDF m prices the cross-section of asset
returns. In most applications, the SDF is normalized to one, i.e., E[m| = 1, which allows

to state the moment restrictions in terms of excess returns as follows:

E[R]] = —cov(m, Rf),  for all assets i (5)

1ONote, however that the rolling-window approach is not suitable for our case because of the low
frequency of our data.
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where R{ denotes excess return over the risk-free rate of the i-th asset. In the estimation,
moment restrictions are weighted by a weighting matrix (typically the identity matrix is
used in the first-stage GMM estimate) and standard errors of the estimates are computed

using the Newey and West (1987) procedure.

To compare the risk premia estimate from GMM to those from Fama-MacBeth, note
that the price of risk parameters b, and b, in equation (4) are different from the IST risk
premia A, and A, we computed in Section 3. The relation between these two quantities

is given by (see, e.g., Section 13.4 of Cochrane (2005)):

A=E(ff)b, (6)

where A = (A, \.), f = (Ax,Az) and b = (b,,b,)".

Table 9 reports the GMM estimates of the IST risk premium obtained from the
GMM estimates of the prices of risk in (4) via the transformation (6). Panel A as-
sumes that (5) holds, while Panel B allows a constant error in the pricing equation, i.e.,
E[RS] 4+ cov(m, R) = «, for any asset i, where « is a constant to be estimated. Three
points are worth of note. First, allowing for a constant pricing error in the moment con-
ditions (5) is equivalent to allowing for an intercept in the second-stage Fama-MacBeth
cross-sectional regressions. Indeed, the point estimates in Panel B of Table 9 are exactly
identical to the point estimates in Panel A of Table 2.1 The only difference between
the two methodologies is in the ¢-statistics. However, the overall inference from the two
approaches is the same. Second, when we impose the null hypothesis that the pricing
error in (5) is zero (Panel A of Table 9), the point estimates of IST risk premium can
be quite different from those obtained by allowing for a constant pricing error (Panel B).
For example, in model (3a), the point estimate of IST risk premium is -11.5% assuming
no pricing error (Panel A), but it becomes 2.09% if we allow pricing error (Panel B).
Therefore, restricting the model to have a zero pricing error in GMM may bias the slope

estimates. Finally, as we report in Table 1, the correlation between the IST measures (2)

1We have also verified that removing the intercept from the second-stage Fama-MacBeth cross-
sectional regressions delivers the same point estimates as in Panel A of Table 9.
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and the disembodied shocks (x = M KT, TFP, gC) may switch signs across different
sample periods. Time-varying correlations across the factors may imply that the \’s and

b’s may have opposite signs when the factors are negatively correlated.

5 Discussion

In the above analysis we have provided empirical evidence that the pricing effect of IST
shocks is sensitive to sample periods, test assets, and econometric methodologies. It is
important to stress that these findings are obtained by using empirical proxies of IST
shocks. From our discussion in Subsection 2.2, the data exhibit evident symptoms of
potential measurement problems, emphasized by the low correlations among the three IST
proxies documented in Table 1. In this section, we investigate further avenues to detect
potential measurement problems in existing IST proxies and provide some suggestions on
how future research efforts can address such issues.

Theoretically, IST shocks represent technological innovations that are embodied in new
capital goods. The rationale behind Ishock as an IST proxy is that a better technology
increases the supply of quality-adjusted capital goods, which leads to the decline in the rel-
ative price of capital goods. However, because the relative price of capital goods can also
be affected by demand, Ishock is necessarily a noisy measure of IST shocks. The return-
based measure, IMC, is motivated by the theoretical model of Papanikolaou (2011), in
which neutral productivity shocks equally affect investment- and consumption-good firms
while IST shocks only affect investment-good firms. Under this assumption, the return
spread between investment- and consumption-goods producers is a factor-mimicking port-
folio of IST shocks. The other measure, gIMC, captures the same idea but with macro
quantities: a positive IST shock leads to an improvement in investment opportunities,
so the aggregate investment increases more relative to the output of the consumption
sector. The quality of both IMC and gIMC' as proxies for IST shocks crucially depends
on whether the structural assumptions of the model on which they rest are satisfied in

the data.
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One way to investigate potential measurement problems in IST proxies is to study
the responses of macro quantities to these measures and compare them with theoretical
predictions. Theory suggests that if the proxies are good measures of IST shocks, these
theoretical arguments imply that aggregate consumption and investment should respond
in a significant way to IST shocks. For example, the model of Papanikolaou (2011)
predicts that investment increases and consumption decreases upon a positive IST shock.
In contrast, the model of Garlappi and Song (2016a) predicts that both investment and
consumption react positively to positive IST shocks.

To verify whether the IST proxies that we use in our study are related to macroeco-
nomic aggregates, in Table 10 we compute the impulse responses of aggregate consumption
and investment to IST shocks. We compute these impulse responses by regressing these
quantities on each one of the three IST proxies. As Panel A of the table shows, in the
annual 1930-2012 sample both consumption and investment react positively to Ishock
and gIMC, consistent with the predictions of Garlappi and Song (2016a). On the con-
trary, consumption reacts negatively and investment reacts positively to IMC, although
none of the coefficients are significant. According to the theory of Papanikolaou (2011) on
which IMC is built, consumption should respond negatively to IST shocks and investment
should respond positively. The fact that both consumption and investment do not seem
to be related to IMC' is somewhat problematic for this measure and suggests that the
identifying structural assumptions that justify IMC' as a proxy for IST shocks do not find
strong support in the data.

Panel B of Table 10 further shows that in the more recent 1964-2012 annual sample,
the impulse response of consumption to Ishock has lower significance than in the overall
sample, suggesting that Ishock might be a more noisy measure in recent years. For
quarterly data, Panel C of Table 10 shows that both investment and consumption react
positively to IMC, although the coefficients are not statistically significant.

Overall, the impulse response analysis in Table 10 suggests that the two macro-based
measures of IST shocks, Ishock and gIMC, can generate stronger comovement in the ag-

gregate consumption and investment than the return-based measure IMC. This indicates
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that the measurement errors for the return-based measure are potentially larger than the

macro-based measures.

The above evidence suggests that addressing measurement issues should be the prima-
ry focus of future research efforts. A potentially promising novel direction is to by-pass
altogether the construction of IST proxies and attempt to measure directly firms’ exposure
to IST shocks from their observable investment activity. Building on this idea, Garlappi
and Song (2016b) propose a new “model-free” measure of firms’ exposure to investment
shocks that, unlike existing proxy-based measures, can be computed directly from ob-
servable investment data and therefore less subject to the measurement issues discussed
above. Based on post-1963 data, they find that value firms have higher investment-based
IST exposures than growth firms, in contrast to the opposite pattern observed when using
IST proxies. This demonstrates the importance of incorporating investment data in fu-
ture research when investigating the pricing effect of IST shocks on cross-sectional equity

returns.

6 Conclusion

In this paper we assess whether capital-embodied, investment-specific, technology shocks
can explain the cross section of equity returns. We obtain three main results: (1) we find
some weak evidence that IST shocks can explain value premium but much less so for the
case of momentum profits and return spreads generated by asset growth, net share issues,
earning-to-price ratio, and accrual; (2) using commonly used measures of IST shocks,
a long data sample from 1930 to 2012, and a broad cross-section of 40 test assets, we
estimate a positive risk premium for IST shocks; (3) we show that empirical inferences
based on commonly used proxies of IST shocks are sensitive to the time period considered,
the set of test assets employed, and the econometric model specification.

Our findings call for further efforts in understanding how investment shocks and het-
erogeneity in firms’ investment decisions can generate cross-sectional return patterns of

the magnitude observed in the data. In light of the measurement problems affecting IST
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proxies, exploring alternative measures of IST shocks to those existing in the literature
appears to be of first-order importance to gain a better understanding of the effect of
investment shocks on asset returns. Future research on the IST pricing effect should also

explore the information contained in firms’ investment data.
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A Data details

A.1 Macroeconomic variables

Price deflator of consumption goods (FP¢): the price deflator for nondurable con-
sumption goods (row 5 of NIPA table 1.1.9). The annual series is available since

1929. The quarterly series is available since 19471.

Price deflator of investment goods (Fy): the price deflator for equipment and soft-
ware in the gross private domestic investment (row 11 of NIPA table 1.1.9). The
availability of this series is the same as Pp. To take into account the quality adjust-

ment, we employ instead the quality-adjusted series of Israelsen (2010).

Israelsen (2010) follows Gordon (1990) and Cummins and Violante (2002) and ex-
tends the annual quality-adjusted price series to the period of 1947-2006. We are
grateful to Ryan Israelsen for kindly providing us with the long annual series for the
period 19302012, which he constructed using the same methodology of Israelsen
(2010).

Because the quarterly series of quality-adjusted investment goods price is not di-
rectly available, we approximate the growth rate of the quality-adjusted price from
the unadjusted price. Specifically, we adjust equally the growth rates of investment
good price for the four quarters in a year by the same amount as the annual quality
adjustment. The annual growth rate adjustment is the difference in the growth
rate between quality-adjusted price and NIPA’s unadjusted price. This approach
captures the year-to-year variation in quality adjustment while keeping the within

year quarterly adjustment constant.

GDP and consumption expenditure growth: we measure economy-wide macroeco-
nomic conditions using the annual growth rates of real GDP (row 1 of NIPA Ta-
ble 1.1.1) and consumption (NIPA Table 1.1.1 contains personal consumption ex-
penditures (PCE in row 2)). The annual data are available since 1930, and the
quarterly data start from 19471I.
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Growth rate spread in investment and consumption (gIMC): we measure the ag-
gregate investment as the nonresidential investment (row 9 of NIPA Table 1.1.5)
and the consumption as nondurable goods plus services (row 5 plus row 6 of NIPA
Table 1.1.5). The ¢gIMC measure is the difference in the log growth rates of invest-
ment (¢g/) and consumption (¢gC). The annual data are available since 1930, and the

quarterly data start from 19471I.

Total factor productivity (T'FP): the annual total factor productivity data for 1930
1947 are from Kendrick (1961) (Table A-XXII for private domestic economy) and
data for 1948-2012 are from the Bureau of Labor Statistics (multifactor produc-
tivity measure for private business sector). The quarterly data for 194711-2012IV
are from the Federal Reserve’s business sector total factor productivity (available at
http://www.frbsf.org/economic-research /total-factor-productivity-tfp/). In our re-
gression analysis, we use the percentage change in TFP as a measure of the neutral

technology risk.

A.2 Sector classification

Investment (I) and consumption (C) sectors: we rely on the procedure outlined in
Gomes, Kogan, and Yogo (2009) and classify each Standard Industry Classifica-
tion (SIC) code into either investment or consumption sector based on the 1987
benchmark input-output accounts. Gomes, Kogan, and Yogo (2009) provide a one-
to-one match between SIC code and different categories of final demand, such as
consumption (further classified as durable, nondurable, and services), investment,
net exporter (NX), and government expenditure (G). Each industry specified by a
SIC code is classified into the category of final demand to which it has the highest
contribution. Their classification is available from Motohiro Yogo’s website. We do
not need the detailed classification within the consumption sector, and we allocate
NX and G to either the investment or consumption sector depending on whether

they contribute more to the investment or consumption sector.
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A.3 Financial data

Return factors: the standard Fama-French 3 factors (MKT, SMB, HML) and the mo-
mentum (UMD) factors are all available at the monthly frequencies since January
1930 from Ken French’s website. We then construct these factors at the quarterly
and annual frequencies from the corresponding raw returns. For example, the annu-
al market factor (MKT) is the raw annual market return minus the annual risk-free

rate.

Test portfolios: we employ 10 size, 10 book-to-market, 10 momentum, and 10 industry
portfolios in our main cross-sectional estimation of the IST risk premium. These
portfolios are available starting from January 1930. In our robustness analysis, we
also use an alternative set of 40 test portfolios, which include 10 profitability, 10
asset growth, 10 idiosyncratic volatility, and 10 net share issues. These portfolios
are available only from July 1963. We construct the corresponding quarterly and
annual series from the monthly portfolio returns, which are all downloaded from

Ken French’s website.

Standard cross-sections: We consider the effect of IST shocks on the following six
return spreads that are generated by: (i) B/M, (ii) momentum, (iii) asset growth,
(iv) net share issues, (v) E/P ratio, and (vi) accrual. All these cross-sections are
downloaded from Ken French’s website. Note that B/M and momentum portfolios
are available since 1930, and all the other 4 cross-sections are available only from

1964.

IMC return: to construct the IMC return, a firm’s sector classification at June ¢ is
based on its SIC code from Compustat for the fiscal year ending in year ¢ — 1, if not
missing, and on its SIC code from the Center for Research in Security Prices (CRSP)
for June of year t, otherwise. The portfolio classification is then assigned to the firm
for the next 12 months, from July of year ¢ to June of year ¢ + 1. We calculate the

value-weighted returns for each portfolio (I and C') using the lagged market value as
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weight, and then compound the monthly portfolio returns to quarterly and annual
frequency based on calendar time. The IMC return is the investment sector return
minus the consumption sector return. The IMC return is available starting from

January 1930, at monthly, quarterly, and annual frequencies.

IMC-beta sorted portfolios: to construct the IMC-beta sorted portfolios, at the end
of each June, we sort firms into 10 value-weighted portfolios based on the past value
of IMC-beta, which is estimated from a time series regression of weekly firm returns
on weekly IMC returns for the previous 12 months. The portfolio ranking is then
assigned to the firm in the next 12 months, from July of the sorting year to the
June of the next year. Following Kogan and Papanikolaou (2014), we restrict the

sample to firms producing consumption goods, and exclude financial firms.
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Table 1: Time series properties of IST shocks

This table reports the time series properties of the three measures of investment-specific shocks
over different sample periods. Ishock is based on the relative price of capital goods to consump-
tion goods, as defined in equation (1). IMC is the return spread between firms in investment
and consumption goods sectors defined in equation (2). gIMC' is the growth rate difference in
investment and consumption defined in equation (3). The reported summary statistics are in
percentages (per year for the annual data and per quarter for quarterly data). Panels A, B, and
C report results for Ishock, IMC, and gIMC, respectively. PCE is the growth rate of personal
consumption expenditures, GDP is the growth rate of real gross domestic product, and TFP is
the growth rate of total factor productivity. The return factors include Fama-French 3-factors
(MKT, SMB, HML) and the momentum factor (UMD). The * and ** denote significance at the
10% and 5% levels, respectively.

Correlations

Macro Factors Return Factors IST Measures

Mean Std PCE GDP TFP MKT SMB HML UMD Ishock IMC  ¢IMC

Panel A: Ishock

Annual

1930-2012: 3.45** 3.68  0.20* 0.46** 0.22*F 0.07 0.15 0.11 0.26** 1.00 0.03 0.15

1930-1963: 2.00** 4.02  0.30* 0.68** 0.51** 0.50%* 0.54** 0.43** 0.23 1.00 0.10 0.13

1964-2012: 4.46** 3.07 -0.01 0.21 -0.04  -0.35** -0.19 -0.21  0.40** 1.00 0.02  0.34**
1948-2012: 3.87** 3.03 -0.02 0.16 -0.04  -0.29** -0.05 -0.10  0.30** 1.00 0.03 0.23*

Quarterly
1948-2012: 0.97%F 1.25 0.00 0.14** 0.03 0.01 0.03 0.11% 0.03 1.00  0.12** 0.06
1964-2012: 1.11** 1.29 -0.01 0.20** 0.05 0.00 -0.04 0.08 0.07 1.00 0.14*  0.16**

Panel B: IMC

Annual

1930-2012: 0.61 14.17 0.04 -0.04 0.08 0.43** 0.23** 0.20* 0.13 0.03 1.00 0.12
1930-1963: 2.07 14.72 0.04 -0.09 0.02 0.60** 0.42** 0.69** 0.28 0.10 1.00 0.19
1964-2012: -0.41 13.83 0.06 0.04 0.14 0.25% 0.10 -0.32*¥* 0.04 0.02 1.00 -0.00
1948-2012: 0.03 12.93 0.09 0.05 0.16 0.35** (.12 -0.11 0.06 0.03 1.00 0.00

Quarterly
1948-2012: 0.02 520 0.20%* 0.22%F 0.25%* (0.41%F 0.27% -0.13** -0.00 0.12** 1.00 0.07
1964-2012: -0.04  5.69 0.25%* 0.23** 0.26** 0.39** 0.29%* -0.22** -0.03 0.14* 1.00 0.07

Panel C: gIMC

Annual

1930-2012: 0.18 12.22 0.72** 0.16 0.28** 0.01 -0.12 0.01 0.26** 0.15 0.12 1.00
1930-1963: 0.41 18.12 0.79** 0.09 0.31%* 0.06 -0.12 -0.01  0.30* 0.13 0.19 1.00
1964-2012: 0.02 5.41 0.47%* 0.65** 0.21 -0.12  -0.18 0.10  0.42%*% 0.34** -0.00 1.00
1948-2012: 0.14 548 0.50%* 0.66** 0.28%* -0.21* -0.22*% -0.02  0.45** 0.23* 0.00 1.00

Quarterly
1948-2012: 0.03 2,32 0.29%* 0.52%* 0.29** -0.10* -0.12* 0.03  0.11* 0.06 0.07 1.00
1964-2012: -0.01  1.95 0.30** 0.50** 0.22** -0.10 -0.12* 0.04 0.08 0.16** 0.07 1.00
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Table 2: Risk premium of IST shocks

This table reports the estimated IST risk premium (in percentage) from Fama-MacBeth cross-
sectional regressions. The sample is based on annual data from 1930 to 2012 (Panel A) and
1964-2012 (Panel B), and the test assets are: size deciles, book-to-market deciles, momentum
deciles, and 10 industry portfolios. The three IST measures are: Ishock, IMC, and gIMC. We
consider both a one-factor model and two-factor models, with the second factor being either
the market excess return (MKT), the growth rate of TFP (TFP), or the log growth rate of
aggregate consumption (gC'). The t-statistics in parentheses for the risk premium are adjusted
for Shanken correction following Shanken (1992), and for autocorrelation and heteroskedasticity
following Newey and West (1987).

(1) Ishock (2) IMC (3) gIMC
(la) (1b) (lc) (1d) (2a) (2b) (2¢) (2d) (3a) (3b)  (3¢) (3d)
Panel A: 1930-2012 sample

Intercept  7.32 370 499 7.66 6.68 248 390 4.16 948 -1.32 3.79 7.30
(2.59) (0.82) (1.68) (2.44) (3.49) (0.55) (1.10) (1.52) (4.35) (-0.27) (1.07) (2.73)
Alshock 3.77 331 3.08 381
(2.35) (2.86) (2.54) (2.24)

Aivic 383 1.98 055 3.01
(1.68) (1.20) (0.29) (1.16)
Agrmc 209 959 828 1.62
(0.66) (3.05) (2.38) (0.39)
AMKT 4.88 6.37 10.4
(1.09) (1.33) (2.00)
Arep 2.04 3.43 3.40
(1.16) (1.98) (1.80)
Ao 0.97 4.71 4.40
(0.45) (2.56) (2.16)

Adj.R? 0.10 029 023 017 017 026 021 022 0.13 028 027 0.17
Panel B: 1964-2012 sample

Intercept 837 744 803 791 739 836 706 936 852 372 788 9.60
(3.99) (1.88) (3.34) (2.61) (4.16) (2.10) (3.38) (4.06) (4.30) (0.74) (3.25) (4.11)
Aishock 043 050 047  -1.06
(0.69) (0.83) (0.79) (-0.96)

Arme -0.14 0.17 -0.09 0.89
(-0.06) (0.08) (-0.04) (0.34)
AgImc 1.91 294 244 0.94
(1.60) (2.03) (2.22) (0.57)
AMKT 0.11 -1.01 4.27
(0.03) (-0.24) (0.79)
ArEp 0.30 0.25 0.62
(0.45) (0.40) (0.89)
Age 241 1.99 1.88
(2.18) (2.28) (1.91)

Adj.R? 014 028 025 024 0.15 027 026 025 015 027 025 0.26
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Table 3: Portfolio returns and factor loadings on IST shocks: 1930-2012

This table reports the portfolio returns and their factor loadings on IST shocks. Panel A and
B report quantities for portfolios sorted on book-to-market and past performance, respectively.
The sample is based on annual data from 1930 to 2012. The average returns in excess of risk-free
rate are in percentage per year. The factor loadings (betas) are estimated using the full-sample
time series. We report the univariate loadings of portfolio returns on three IST measures. The
column HML (WML) reports values for the high-minus-low (winner-minus-loser) portfolio. The
t-statistics (in parentheses) are adjusted for autocorrelation and heteroskedasticity following
Newey and West (1987).

Panel A: B/M portfolios
Variable Low 2 3 4 5 6 7 8 9 High HML

r 6.61 796 731 824 894 940 950 11.91 1208 13.67 7.0
t-stat  (2.76) (3.66) (3.54) (3.31) (3.56) (3.71) (3.49) (4.08) (4.01) (3.62) (2.56)

Brsnok 022 013 020 0.74 097 097 068 036 089 119 098
t-stat  (0.27) (0.17) (0.26) (0.75) (1.07) (1.03) (0.68) (0.35) (0.87) (1.07) (1.48)

Bruc 0.66 046 046 071 065 069 064 083 073 1.09 043
t-stat  (4.47) (3.86) (3.94) (3.10) (3.06) (3.56) (2.47) (2.90) (2.43) (2.81) (1.06)

Byme 000 -0.09 -0.09 0.06 001 028 008 -0.01 -0.02 -0.23 -0.23
t-stat  (-0.00) (-0.41) (-0.44) (0.24) (0.02) (1.04) (0.27) (-0.04) (-0.05) (-0.61) (-1.06)

Panel B: Momentum portfolios

Variable Loser 2 3 4 5 6 7 8 9 Winner WML

r 080 525 560 720 6.68 7.79 860 1041 1147 1570 14.90
t-stat  (0.22) (L.77) (2.16) (2.82) (3.01) (3.32) (3.82) (4.40) (4.53) (5.36) (5.47)

Brenok  -047 023 -0.02 046 004 010 031 090 096 122  1.69
t-stat  (-0.37) (0.22) (-0.02) (0.51) (0.05) (0.11) (0.35) (1.16) (1.19) (1.26) (1.80)

Brarc 113 078 056 069 043 060 049 069 068 083 -0.29
t-stat  (4.21) (4.08) (2.94) (2.76) (2.96) (3.29) (3.08) (3.85) (3.62) (4.68) (-1.05)

Byme 052 -0.16 -011 -0.01 000 0.02 008 015 014 018 0.71
t-stat  (-1.45) (-0.52) (-0.38) (-0.06) (0.01) (0.07) (0.33) (0.68) (0.57) (0.66) (2.56)
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Table 4: Expected value premium and momentum profits: 1930-2012

This table reports the estimated value premium and momentum profits (in percentages) based on
the high-minus-low (HML) and winner-minus-loser (WML) portfolios. The sample is based on
annual data from 1930 to 2012. The expected risk premium due to the exposure to a risk factor
is calculated as the risk exposure () multiplied with the risk premium of the corresponding
risk factor (M\). The risk exposures are estimated using the full sample as in Table 3, and
the risk premia of risk factors are estimated using the same models as in Panel A of Table 2.
Column ¢(diff1) reports the t-statistics testing the null hypothesis that the differences between
the observed value premium or momentum profits and the expected values based on the IST
exposure alone (BrgrArsr) are on average zero. Column ¢(diff2) reports the t-statistics testing
the null hypothesis that the differences between the observed value premium or momentum
profits and the expected values (using all the risk factors in the model) are on average zero.
Note that for univariate models, the two tests are equivalent, and we therefore report only the
first test. The t-statistics are adjusted for Shanken correction following Shanken (1992), and for
autocorrelation and heteroskedasticity following Newey and West (1987).

Panel A: Value Premium

Factors HML ML 4(diff2) Brordier 252Ms ¢(diff1)
Ishock: — — — 3.69 52% 0.95

Ishock & MKT: 4.79 68% 0.75 2.67 38% 1.32
Ishock & TFP: 428 61% 0.79 2.63 37% 1.39
Ishock & g¢C': 410 58% 0.83 4.34 62% 0.73

IMC: - 1.64 23%  2.35
IMC & MKT: 285 40% 228  0.37 5% 250
IMC & TFP: 328 47% 090  0.23 3% 280
IMC & g¢C: 275 39% 126  1.33 19%  2.46
gIMC: - - 047 1% 3.24

gIMC & MKT: 236 33% 1.54 -2.27 -32% 2.74
gIMC & TFP: 254  36% 1.06 -2.60 -37% 3.29

gIMC & ¢C- 1.74  25%  1.70 -0.53 -8% 3.75
Panel B: Momentum Profit

Factors WML DML 4(diff2) BrspAisy ZSL3r ¢(diffl)
Ishock: — — — 6.37 43% 2.14

Ishock & MKT: 4.74 32%  3.33 5.90 40% 2.70
Ishock & TFP: 6.00 40% 2.27 4.95 33% 3.23
Ishock & ¢C: 5.07  34%  2.88 4.20 28% 2.68

IMC: — — — -1.12 -8% 6.21
IMC & MKT: -140 -9% 6.24 -0.38 -3% 6.02
IMC & TFP: 3.86 26% 2.51 -0.17 -1% 6.38
IMC & ¢C: 487 33% 3.16 -0.71 -5% 6.15
gIMC" — — — 1.47 10% 6.51

gIMC & MKT: 451 30% 3.70 6.82 46% 3.09
gIMC & TFP: 6.05 41% 2.26 5.82 39% 4.77
gIMC & ¢C: 3.60 24%  3.99 0.95 6% 7.19
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Table 5: Expected cross-sectional return spreads: 1964—2012

This table reports the estimated expected cross-sectional return spreads (in percentages) for
six cross-sections. The sample is based on annual data from 1964 to 2012. The expected risk
premium due to the exposure to a risk factor is calculated as the risk exposure (/) multiplied with
the risk premium of the corresponding risk factor (A). The risk exposures are estimated using
the 19642012 sample, and the risk premia of risk factors are estimated using the same models
as in Panel B of Table 2. Column ¢(diff1) reports the t-statistics testing the null hypothesis
that the differences between the observed return spreads and the expected return spreads based
on the IST exposure alone (SrsrArsr) are on average zero. The t-statistics are adjusted for
Shanken correction following Shanken (1992), and for autocorrelation and heteroskedasticity
following Newey and West (1987).

Factors ﬁIST)\IST % t(dlﬂl)
Panel A: B/M (high minus low B/M)
Ishock: -0.66 -10% 2.89
IMC" 0.03 0.4% 2.30
gIMC' -0.11 -1.6% 2.29
Panel B: Momentum (winners minus losers)
Ishock: 1.13 7% 4.65
IMC: 0.05 0.3% 4.13
gIMC" 4.46 28% 4.22
Panel C: Asset Growth (low minus high growth)
Ishock: 0.05 0.8% 2.61
IMC: 0.05 0.8% 2.51
gIMC: -0.54 -9% 2.73
Panel D: Net Share Issues (low minus high issues)
Ishock: 0.35 6% 2.18
IMC: 0.07 1.2% 2.63
gIMC: 0.01 0.2% 2.17
Panel E: Accrual (low minus high accrual)
Ishock: 0.37 ™% 3.62
IMC: 0.00 0.0% 4.14
gIMC" 0.64 11% 3.48
Panel F: E/P Ratio (high minus low E/P)
Ishock: -0.42 -T% 2.60
IMC: 0.09 1.4% 1.91

gIMC: 0.51 9% 1.92
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Table 6: Risk premium of IST shocks—Alternative test assets

This table reports the estimated IST risk premium from Fama-MacBeth cross-sectional regres-

sions. The table is the same as Table 2, except that the sample starts from 1964 instead of
1930 and the test assets are: (i) 10 profitability portfolios, (ii) 10 asset growth portfolios, (iii) 10
volatility portfolios, and (iv) 10 net share issues portfolios, discussed in Subsection 3.4. We use
both the annual (Panel A) and quarterly (Panel B) data, and the full sample is used in the
first-stage beta estimation. The t¢-statistics in parentheses for the risk premium are adjusted
for Shanken correction following Shanken (1992), and for autocorrelation and heteroskedasticity
following Newey and West (1987).

(1) Ishock (2) IMC (3) gIMC
(1a)  (1b) (Ie)  (1d) (2a) (2b) (2¢) (2d) (3a) (3b) (3¢) (3d)
Panel A: annual data

Intercept 9.26 999 962 101 7.20 501 719 727 603 943 682 6.73
(3.10) (2.32) (2.93) (2.90) (3.79) (1.01) (3.58) (3.59) (2.80) (1.90) (243) (2.64)
Mmook 132 105 125 127
(0.98) (1.10) (0.96) (0.94)

A1vce -1.84 -281 -1.84 -1.80
(-0.77) (-1.04) (-0.78) (-0.70)
Agrnvc -0.83 -3.92 -1.59 -1.83
(-0.26) (-1.95) (-0.57) (-0.55)
AMKT -3.37 1.59 -3.11
(-0.78) (0.29) (-0.66)
Arrp -0.41 -0.02 -0.71
(-0.53) (-0.04) (-1.17)
Nge 0.75 0.11 0.75
(0.73) (0.12) (0.68)

Adj.R? 012 033 018 023 030 033 031 034 012 032 018 0.19

Panel B: quarterly data

Intercept 1.50 2.20 185 150 186 1.76 176 187 147 217 156 150
(1.92) (1.93) (2.50) (2.09) (3.49) (L77) (3.14) (3.21) (245) (2.02) (2.13) (2.52)
Aishoor 105 105 111  1.05
(3.58) (3.58) (3.17) (3.72)

Ao -0.45 -0.51 -0.52 -0.44
(-0.69) (-0.77) (-0.77) (-0.63)
gy -0.17  -1.27 -1.12  0.01
(-0.16) (-1.91) (-1.67) (0.01)
AMKT -0.63 -0.18 -0.61
(-0.54) (-0.16) (-0.54)
Arrp -0.54 0.64 -1.32
(-0.42) (0.91) (-1.18)
Nge 0.17 0.32 0.07
(0.48) (1.51) (0.36)

Adj.R? 0.00 0.31 027 015 030 0.31 0.31 034 015 033 029 020




38
Table 7: Risk premium of IST shocks: Estimates from B/M portfolios

This table reports the estimated IST risk premium (in percentages) from Fama-MacBeth cross-
sectional regressions based on 10 B/M portfolios. The estimation methods used are the same
as those described in Table 2 with the following exceptions: (i) the test assets are the 10 book-
to-market portfolios; (ii) we consider sub-samples of the period 1930-2012. The t¢-statistics
for the risk premium are adjusted for Shanken correction following Shanken (1992), and for
autocorrelation and heteroskedasticity following Newey and West (1987).

(1) Ishock (2) IMC (3) gIMC
(1a) (1b) (1c) (1d) (2a) (2b)  (2¢) (2d) (3a) (3b) (3¢) (3d)
Panel A: 1964-2012 sub-sample

Intercept 079  3.55 133 170 879 -145 454 880 951 324 326 9.12
(0.20) (0.58) (0.37) (0.49) (4.09) (-1.42) (158) (3.97) (3.25) (0.42) (0.88) (3.62)
Arshok  -3.09  -3.02 -212 -2.93
(-2.39) (-2.56) (-2.20) (-2.65)

Arvc -5.92  -13.6 099 -5.81
(-1.39) (-1.42) (0.31) (-2.42)
Agimc 410 711  -0.32 191
(1.07) (1.36) (-0.10) (0.73)
AMEKT 3.26 21.3 5.25
(0.53) (2.29) (0.69)
Arep 1.00 1.80 1.88
(0.90) (1.91) (1.58)
Age 0.59 0.16 1.24
(0.46) (0.12) (1.11)

Adj.R? 0.21 0.32 0.36 038 014 025 036 0.12 0.04 005 0.32 0.16
Panel B: 1930-1963 sub-sample

Intercept 4.61 113 518 568 532 -118 522 589 126 134 999  4.06
(1.23) (0.22) (1.50) (2.23) (1.57) (-0.14) (1.62) (2.48) (2.68) (0.34) (2.72) (0.75)
Mshook 212 063 1.82 151
(1.55) (0.64) (1.39) (1.34)

Arve 530 190 527 5.79
(1.71) (0.89) (1.75) (1.50)
Agryvic -5.15 048 -3.71 -5.15
(-0.78) (0.09) (-0.58) (-0.52)
AvKT 9.41 11.9 9.22
(1.81) (1.44) (1.80)
ATFp 0.17 0.11 1.30
(0.20) (0.13) (1.01)
e 0.18 -1.40 7.31
(0.07) (-0.45) (0.95)

Adj.R? 030 037 031 039 033 037 034 039 009 044 017 0.30
Panel C: 1930-2012 full-sample

Intercept 7.17 -524 515 753 235 -856 230 223 956 -526 440 4.8
(2.78) (-1.04) (2.09) (2.78) (0.85) (-1.13) (0.86) (0.83) (4.03) (-1.05) (1.59) (0.87)
Arshosk 376 0.05 266  3.97
(L77) (0.04) (1.41) (1.69)

Arvc 104 -089 963 9.83
(247) (-0.28) (2.23) (2.41)
Agraic 508 0.67 -3.18 -7.40
(-1.68) (0.22) (-0.86) (-1.00)
Ak 13.8 17.0 13.8
(2.79) (2.27) (2.56)
Arrp 2.05 0.55 2.50
(2.05) (0.68) (1.92)
Ag. 0.91 0.27 7.98
(0.39) (0.15) (1.10)

Adj.R? 015 034 017 020 022 030 018 029 005 036 022 035
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Table 8: Risk premium of IST shocks: Estimates from IMC-beta portfolios
This table reports the estimated IST risk premium (in percentages) from Fama-MacBeth cross-
sectional regressions based on 10 IMC-beta sorted portfolios. The estimation methods used

are the same as those described in Table 7. The t-statistics for the risk premium are adjusted
for Shanken correction following Shanken (1992), and for autocorrelation and heteroskedasticity

following Newey and West (1987).

(1) Ishock (2) IMC (3) gIMC
(1a) (1b) (1c) (1d) (2a) (2b) (2¢) (2d) (3a) (3b) (3¢) (3d)
Panel A: 1930-2012 full-sample
Intercept 9.05 866  9.05 9.17  8.68 841 9.09 892 877 844 890 891
(459) (2.70) (4.49) (4.28) (4.73) (1.21) (4.52) (4.28) (4.40) (2.70) (4.18) (3.57)
Alshock -0.50 -0.65 -0.50 -0.62
(-0.27) (-0.43) (-0.30) (-0.40)
Ave 0.16 0.08 044  0.09
(0.10) (0.04) (0.21) (0.06)
Agrnic -0.14  -021 0.0l -0.09
(-0.05) (-0.06) (0.00) (-0.03)
AMKT 0.23 0.36 0.33
(0.07) (0.05) (0.10)
Arrp -0.08 -0.38 -0.07
(-0.09) (-0.39) (-0.08)
Age -0.65 -0.34 -0.30
(-0.41) (-0.20) (-0.16)
Adj.R? -0.04 0.27 0.10 0.14 0.28 0.28 0.27 0.28  -0.02 0.29 0.13 0.28
Panel B: 1964-2012 sub-sample
Intercept  10.2 11.0 10.6 108 723 707 722 733 675 742 687 7.15
(2.37) (2.62) (2.83) (3.02) (4.08) (1.61) (3.64) (2.84) (3.13) (2.03) (2.95) (2.94)
Mshook 146 155 158  1.55
(0.82) (0.96) (1.00) (0.97)
Aive -0.36  -0.15 -0.36 -0.31
(-0.17) (-0.05) (-0.17) (-0.15)
AgImc -0.77  -0.79  -0.81 -0.90
(-0.43) (-0.44) (-0.46) (-0.50)
AMEKT -3.83 -0.66 -0.42
(-0.86) (-0.12) (-0.10)
ArEp -0.22 0.01 -0.15
(-0.24) (0.01) (-0.18)
Age 0.30 0.08 0.20
(0.20) (0.06) (0.15)
Adj.R? -0.06 028 0.02 016 029 033 028 036 001 035 0.10 0.24
Panel C: 1964-2012 sub-sample, no intercept
Alshock -3.42  -2.93 334 -3.20
(-2.75) (-1.66) (-2.74) (-2.15)
Anve 7.14  -3.05 216 -2.82
(2.26) (-1.34) (0.45) (-1.00)
Agrvc -11.6  -3.88 -832 -7.88
(-1.69) (-1.65) (-1.87) (-1.93)
AMKT 7.03 7.14 6.76
(5.67) (3.99) (4.23)
(0.22) (1.23) (0.56)
Age -0.35 -4.94 -3.00
(-0.19) (-1.85) (-1.42)
Adj.R? 0.61 073 064 069 023 075 048 072 054 066 058  0.64
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Table 9: Risk premium of IST shocks: GMM

This table reports the estimated IST risk premium (in percentage) from GMM approach. The
sample is based on annual data from 1930 to 2012, and the test assets are: size deciles, book-
to-market deciles, momentum deciles, and 10 industry portfolios. The three IST measures are:
Ishock, IMC, and gIMC. We consider both a one-factor model and two-factor models, with
the second factor being either the market return (MKT), the growth rate of TFP (TFP), or
the log growth rate of aggregate consumption (gC'). We report the estimates from first-stage
GMM using identity weighting matrix. We also report the mean absolute pricing error (MAPE)
for each model. The t-statistics for the risk premium are adjusted for autocorrelation and
heteroskedasticity following Newey and West (1987).

(1) Ishock (2) IMC (3) gIMC
(la) (1b) (le) (1d) (2a) (2b) (2¢) (2d) (3a) (3b) (3c) (3d)

Panel A: assuming zero error in moments

Alshock 10.8 3.14 280 9.12
(0.88) (3.16) (1.48) (0.97)
Aivic 11.6 122 136 5.51
(1.88) (0.77) (0.31) (1.13)
Agrmc -11.5 876 114 -1.78
(-1.55) (2.00) (1.30) (-0.08)
AMKT 8.18 8.68 9.16
(2.04) (3.55) (2.27)
Arep 4.73 5.40 5.32
(1.62) (1.80) (1.66)
Age 13.0 7.62 14.5
(0.70) (1.43) (0.86)

MAPE (%) 424 145 1.89 3.64 270 164 191 1.99 9.26 1.73  1.92 3.22

Panel B: assuming a constant error in moments

Constant ~ 7.32 3.70 499 7.66 668 248 390 416 948 -1.32 379 7.30
(1.64) (1.10) (1.53) (1.67) (3.06) (0.65) (1.13) (1.03) (4.18) (-0.36) (1.01) (1.79)

Alshock 377 331 3.08 381
(3.03) (3.16) (2.44) (3.13)
Arvc 383 1.98 055 3.01
(1.95) (1.57) (0.16) (1.11)
Aginie 209 959 828 1.62
(0.59) (2.44) (1.58) (0.25)
AT 4.88 6.37 10.4
(1.29) (1.62) (2.10)
Arep 2.04 3.43 3.40
(1.39) (2.54) (2.21)
Ao 0.97 471 4.40
(0.55) (2.64) (2.41)

MAPE (%) 161 143 148 157 180 168 166 1.75 221 1.72 169 212
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Table 10: Impulse responses of consumption and investment to IST shocks

This table reports the result from univariate regressions of aggregate consumption and invest-
ment on the three proxies of IST shocks: Ishock, IMC, and gIMC. The log growth rates of
aggregate consumption and investment are the same as those used to construct gIMC measure
(see Appendix A for details). The t-statistics (in parenthesis) are adjusted for autocorrelation
and heteroskedasticity following Newey and West (1987).

Consumption Investment
Panel A: annual sample of 1930-2012
Intercept 0.037  0.060 0.060 0.022 0.062 0.060
(2.17)  (7.35) (8.12) (0.45) (2.84) (8.12)
Ishock 0.655 1.164
(2.04) (1.21)
mMC -0.047 0.058
(-1.12) (0.52)
gIMC 0.198 1.198
(1.48) (8.96)
Adj.R? 0.214 0.005 0.215 0.067 -0.009 0.913
Panel B: annual sample of 1964-2012
Intercept 0.069 0.069 0.069 0.043 0.070  0.069
(8.00) (12.40) (13.18) (2.22) (5.68) (13.18)
Ishock 0.016 0.606
(0.13) (2.41)
MC -0.022 -0.022
(-0.83) (-0.26)
gIMC 0.167 1.167
(1.88) (13.17)
Adj.R? -0.021 -0.006 0.115 0.057 -0.019 0.880
Panel C: quarterly sample of 1964Q1-2012Q4
Intercept 0.016 0.017 0.017 0.013 0.017 0.017
(10.69) (21.42) (22.30) (4.15) (7.46) (22.30)
Ishock 0.154 0.395
(1.73) (2.47)
IMC 0.013 0.036
(1.43) (1.12)
gIMC 0.076 1.076
(1.51) (21.29)

Adj.R? 0.069  0.005 0.036 0.048 0.003 0.894
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