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ABSTRACT Real risk-free interest rates have trended down over the past
30 years. Puzzlingly, in light of this decline, (1) the return on private capital
has remained stable or even increased, creating an increasing wedge with safe
interest rates; (2) stock market valuation ratios have increased only moder-
ately; (3) and investment has been lackluster. We use a simple extension of
the neoclassical growth model to diagnose the nexus of forces that jointly
accounts for these developments. We find that rising market power, rising
unmeasured intangibles, and rising risk premia play a crucial role, over and
above the traditional culprits of increasing savings supply and technological
growth slowdown.

D uring the past 30 years, most developed economies have experienced
large declines in risk-free interest rates and increases in asset prices
such as housing or stock prices, with occasional sudden crashes. At the
same time, except for a short period in the 1990s, economic growth, in
particular productivity growth, has been rather disappointing, and invest-
ment has been lackluster. Earnings growth of corporations has been strong,
however, leading in most countries to an increase in the capital share and to
stable or slightly rising profitability ratios. Making sense of these trends is
a major endeavor for macroeconomists and for financial economists
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Given the complexity of these phenomena, it is tempting to study them in
isolation. For instance, a large body of literature has developed that tries to
understand the decline in risk-free interest rates. But studying these trends
independently may miss confounding factors or implausible implications.
For instance, an aging population leads to a higher savings supply, which
might well explain the decline in interest rates. However, a higher savings
supply should also increase capital accumulation—that is, investment, and
hence reduce profitabilit . Similarly, it should also increase stock prices, as
the discount rate falls. Hence, a potential driver that is compelling judged
by its ability to explain a single trend may be implausible overall, because
it makes it harder to account for the other trends.

Another way to highlight these tensions is to note that the stable prof-
itability of private capital and declining risk-free rate lead to a rising
spread, or wedge, between these two rates of return. What gives rise to
this spread? A narrative that has recently attracted significant interest is
the possibility of rising market power. However, rising risk premia could
also account for the wedge. The only way to disentangle these potential
causes is to consider additional implications—for instance, everything
else being equal, rising market power should imply a lower labor share,
and rising risk premia should be reflected in lower prices of risky assets
such as stocks.

These simple observations motivate our approach. We believe that a
successful structural analysis of the past 30 years should account for these
trends jointly. A novel feature of our analysis is that we aim to account
both for macroeconomic trends and finance trends. The first step of our
paper is to document a set of broad macro and finance trends that we
believe are of particular interest. We focus on six indicators: economic
growth, risk-free interest rates, profitabilit , the capital share, investment,
and valuation ratios (such as the price-dividend or price-earnings ratio).

The paper’s second step is to develop an accounting framework to dis-
entangle several potential drivers of these trends. We focus on five narra-
tives that have been put forward to explain some or all of these trends. The
first narrative is that the economy experienced a sustained growth decline,
owing to lower population growth, investment-specific technical progress,
or productivity growth. The second narrative is that the savings supply has
increased, perhaps owing to population aging (or to the demand of emerg-
ing markets for a store of values). The third narrative involves the rising
market power of corporations. The fourth narrative focuses on techno-
logical change resulting from the introduction of information technology,
which may have favored capital or skilled labor over unskilled labor, or the
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rise of hard-to-measure intangible forms of capital. And the fifth narrative,
which we emphasize, involves changes in perceived macroeconomic risk,
or tolerance of it.

Our approach is simple enough to allow for a relatively clear identi -
cation of the impact of these drivers on the facts that we target. Here, our
contribution is to propose a simple macroeconomic framework —a modest
extension of the neoclassical growth model —that accounts for the “big
ratios” familiar to macroeconomists as well as for the “financial ratios” of
financial economists. Our model does this in a way that allows for inter-
esting types of feedback between macroeconomic and financial variables.
For example, the investment-output ratio is affected by market power and
macroeconomic risk, as well as savings supply and technological param-
eters. At the same time, our framework preserves the standard intuitions
and results of macroeconomists and financial economists, and hence is a
useful pedagogical device.!

In our baseline estimation, we abstract from intangibles. Our main
empirical result here is that the rising spread between the return on capi-
tal is the risk-free rate, which is driven mostly by a confluence of two
factors: rising market power and rising macroeconomic risk. This rising
macroeconomic risk in turn implies that the equity premium, which
previous researchers have argued fell in the 1980s and 1990s, may have
risen since about 2000. This higher risk is also an important driver of the
decline of risk-free rates. We also find little role for technical change.
Moreover, we show how previous researchers, who have used models
without risk, have attributed too big a role to rising market power. When
we incorporate intangibles, we see that a significant increase in their
unmeasured component can help explain the rising wedge between the
measured marginal product of capital and the risk-free rate. Interestingly,
we find that intangible capital reduces the estimated role of market power
in our accounting framework, while preserving the role of risk. Overall, our
estimates offer a more nuanced understanding of the drivers of investment,
profitabilit , and valuation ratios.

The rest of the paper is organized as follows. Section I discusses
the related literature. Section II documents the main trends of interest.

1. Our model, of course, needs to contend with the usual disconnect between macro-
economics and finance—that is, the equity premium puzzle—and hence requires high risk
or high risk aversion to generate plausible quantitative implications. Although we do not
address the excess volatility puzzle in this paper, the framework can be extended, as done by
Gourio (2012), to fit this as well
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Section III presents our model. Section IV explains our empirical method-
ology and identification. Section V presents the main empirical results.
Section VI discusses extensions and robustness. Finally, section VII
reviews some outside evidence on the rise in the equity premium, markups,
and intangibles. Section VIII concludes.

I. Literature Review

Our paper, given its broad scope, makes contact with many other studies
that have separately tried to explain one of the key trends that we docu-
ment. (In section VII, we discuss in more detail the relation of our results to
the recent literature on market power, intangibles, and risk premia.)

First, a large body of literature studies the decline of interest rates on
government bonds. James Hamilton and others (2016) provide a long-
run perspective, and discuss the connection between growth and interest
rates. Lukasz Rachel and Thomas Smith (2017) provide an exhaustive
analysis of the role of the many factors that affect interest rates. The
role of demographics is studied in detail by Carlos Carvalho, Andrea
Ferrero, and Fernanda Nechio (2016); and by Etienne Gagnon, Benjamin
Johannsen, and David Lépez-Salido (2016). Marco Del Negro and others
(2017) emphasize, as we do, the role of the safety and liquidity premia.
Ben Bernanke (2005) and Ricardo Caballero and others (2008) emphasize
the role of safe asset supply and demand. Our analysis incorporates all
these factors, though in a simple way.

Second, a large body of literature documents and tries to explain the
decline of the labor share in developed economies. Michael Elsby, Bart
Hobijn, and Aysegiil Sahin (2013) document the facts and discuss various
explanations using U.S. data, while Loukas Karabarbounis and Brent
Neiman (2014) study international data and argue that the decline is driven
by investment-biased technical change. Matthew Rognlie (2015) studies
the role of housing. A number of other researchers discuss the impact of
technical change for a broader set of facts (Acemoglu and Restreppo,
forthcoming; Autor and others 2017; Kehrig and Vincent 2018).

The most closely related papers are by Caballero, Emmanuel Farhi,
and Pierre-Olivier Gourinchas (2017); Caballero and Farhi (2018); and by
Magali Marx, Benoit Mojon, and Francois Velde (2018)—as well as the
contemporaneous work by Gauti Eggertsson, Jacob Robins, and Ella Wold
(2018). Marx and colleagues also find, using a different methodology,
that an increase in risk helps explain the rising spread between the marginal
product of capital (MPK) and the risk-free rate. They do not explicitly
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target the evolution of other variables, such as investment or the price-
dividend ratio. Conversely, Eggertsson, Robins, and Wold (2018) target
some of the same big ratios that we study, but there are differences in
methodology and results. Methodologically, our approach uses a simple
standard model, which allows a closed-form solution and clear identific -
tion. Substantively, we find a more important role for macroeconomic risk,
whereas they contend that a rising savings supply and rising market power
are the main driving forces.

II. Notable Macroeconomic and Finance Trends

This section presents simple evidence on the trends affecting some
key macroeconomic and finance moments. We focus on six groups of
indicators: interest rates on safe and liquid assets, such as government
bonds; measures of the rate of return on private capital; valuation ratios
(that is, price-dividend or price-earnings ratio for publicly listed com-
panies); private investment in new capital; the labor share; and growth
trends. We first present simple graphical depictions, then add statistical
measures.

Our focus is on the United States, but we believe that these facts also
hold for other developed economies and hence may reflect worldwide
trends.> Like many macroeconomic studies, we mostly consider the post-
1984 period, which is associated with low and stable inflation together
with relative macroeconomic stability (the “Great Moderation”). We
present the changes in the simplest possible way, by breaking our sample
equally in the middle, that is, at the millennium. However, we also briefl
discuss the longer-range trends and present continuous indicators using
moving averages.

One important decision is whether to study the entire private sector or
to exclude housing and focus, for instance, on nonfinancial corporations.
On one hand, the savings of households include all assets, in particular
housing; on the other hand, the housing sector may need to be modeled
differently, or we might want to explicitly recognize the heterogeneity of
capital goods. In this section, we present indicators that cover both, but
our estimation targets cover the entire private sector. For the most part, the
trends that we document are apparent both for nonfinancial corporations
and in the aggregate.

2. See, for instance, Marx, Mojon, and Velde (2018) for euro area trends.
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Figure 1. U.S. Rates of Return, 1984-2016°
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Sources: See the online appendix, section 1, for all data sources.

a. The top left panel displays the difference between the 1-year Treasury bill rate and the median
1-year-ahead Consumer Price Index (CPI) inflation expectations from the Survey of Professional
Forecasters (SPF). The top right panel displays the difference between the 10-year Treasury note rate and
the median 10-year-ahead CPI inflation expectations from the SPF. The bottom left panel presents
the estimate of the pretax return on all capital from Gomme, Ravikumar, and Rupert (2011; GRR). The
bottom right panel presents our measure of gross profitability, the ratio of 1 minus the labor share to
the capital-output ratio. The horizontal lines represent the mean in the first and second halves of the
samples—1984-2000 and 2001-16, respectively.

II.A. Graphical Evidence

We summarize the evolution of the six groups of indicators as six facts.
Fact 1: Real risk-free interest rates have fallen substantially. The top
panels of figure 1 present proxies for the 1-year and 10-year real interest
rates by subtracting inflation expectations from nominal Treasury yields.?

3. We use median consumer price inflation expectations from the Federal Reserve Bank
of Philadelphia’s Survey of Professional Forecasters (SPF). Very similar results for the
trend are obtained if one uses the mean expectation rather than the median; or the Michigan
Survey of Consumers rather than the SPF. For the 1-year rate, one can also replace expecta-
tions with ex-post inflation or lagged inflation. For the 10-year rate, one can also use the
Treasury Inflation-Protected Securities yield where available (that is, after 1997).
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As many researchers have noted before, there has been a strong downward
trend in these measures since 1984. The short-term rate exhibits clear cycli-
cal fluctuations, while the long rate has a smoother decline. Table 1 shows
that the average 1-year rate falls from almost 2.8 percent in the first half of
our sample (1984-2000) to almost —0.3 percent in the second half of our
sample (2001-16). The long-term rate similarly falls, from 3.9 percent in
the first half to 1.1 percent in the second half

Fact 2: The profitability of private capital has remained stable or
increased slightly. In contrast, there is little evidence that the return
on private capital has fallen; if anything, it appears to have increased
slightly. Paul Gomme, B. Ravikumar, and Peter Rupert (2011), using
data from the National Income and Product Accounts, construct a mea-
sure of the aggregate net return on physical capital —roughly, profit
over capital. The bottom left panel of figure 1 depicts their series. The
rising spread between their measure, which can be thought of as a proxy
for the marginal product of capital, and the interest rate on U.S. Trea-
suries, is an important trend to be explained for macroeconomic and
financial economists

Gomme, Ravikumar, and Rupert (2011) construct their series using
detailed data from the National Income and Product Accounts and other
sources, but one can construct a simple approximation using the ratio of
operating surplus to capital for the nonfinancial corporate sector; table 1
shows that this ratio is also stable, and if anything increases slightly. In
our estimation exercise, we focus on gross profitabilit , and, to ensure
consistency between our measures, we construct it simply as the ratio of
the profit-output ratio that we use (that is, 1 minus the labor share) to the
capital-output ratio. For this measure, which is depicted in the bottom
right panel of figure 1, the overall level is higher, in part because it is gross
rather than net; but the trend is similar to the measure used by Gomme and
colleagues.

Fact 3: Valuation ratios are stable or have increased moderately. The
top two panels of figure 2 present measures of valuation ratios for the
U.S. stock market. The top left panel shows the ratio of price to divi-
dends from the Center for Research in Security Prices, while the top
right panel shows the price-operating earnings ratio for the Standard &
Poor’s 500 Index (S&P 500).* The latter is essentially trendless, while

4. We focus on operating earnings that exclude exceptional items such as write-offs and
hence are less volatile. In particular, total earnings were negative in 2008:Q4 because banks
marked down the values of their assets substantially.
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Figure 2. U.S. Investment and Valuation Ratios, 1984-2016"
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Sources: See the online appendix, section 1, for all data sources.

a. The top left panel displays the price-dividend ratio from the Center for Research in Security Prices
(CRSP). The top right panel shows the ratio of price to operating earnings for the S&P 500. The bottom
left panel shows the ratio of nominal investment spending to nominal GDP. The bottom right panel
shows the ratio of nominal investment to capital (at current cost). The horizontal lines represent the mean
in the first and second halves of the samples—1984-2000 and 200116, respectively.

the former exhibits a large boom and bust in about 2000, before settling
down to a higher value. Another commonly used valuation ratio is the
price-smoothed earnings ratio of Shiller (the Cyclically Adjusted Price-
Earnings Ratio), which divides the S&P 500 price by a 10-year moving
average of real earnings, and is reported in table 1. Though all these
ratios are quite volatile, overall, they exhibit only a moderate increase
from the first period to the second period. Our analysis emphasizes that
this limited increase is puzzling, given the large decline of the risk-free
rate (fact 1).

Fact 4: The share of investment in output or in capital has fallen slightly.
The bottom two panels of figure 2 depict the behavior of investment. As
several researchers have noted recently (Lewis and Eberly 2016; Gutiérrez
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and Philippon 2017), investment has been relatively lackluster over the
past decade or more; but the magnitude of this decline is quite different
depending on exactly how one measures it. Because the price of investment
goods falls relative to the price of consumption goods, it is simpler to focus
on the expenditure share of GDP (the bottom left panel of figure 2) or the
ratio of nominal investment to capital (evaluated at current cost; the bottom
right panel). Both ratios ought to be stationary in standard models, and they
appear nearly trendless over long samples. Investment spending exhibits a
strong cyclical pattern, increasing faster than GDP during expansions and
falling faster than GDP during recessions; but overall, both ratios appear
to exhibit small to moderate declines across our two subsamples. Table 1
also reports the ratios for the nonresidential sector (that is, business fixed
investment), which behaves very similarly, indicating that our results are
not driven by housing. Note that business fixed investment includes equip-
ment, structures, and intellectual property products. The table also reports
two measures of the evolution of the capital-output ratio: first, the ratio
of capital at current cost to GDP; and second, the ratio of a real index of
capital services (from the Bureau of Labor Statistics, BLS) to real output
(which we normalize to 1 in 1984).° Both ratios exhibit an increase of about
0.15 and 0.13, respectively.®

Fact 5: Total factor productivity and investment-specific growth have
slowed down, and the employment-to-population ratio has fallen. There
has been much public discussion that overall GDP growth has declined
over the past couple of decades. This decline is in part attributable to a
decline in the employment-to-population ratio, largely due to demographic
factors (Aaronson and others 2015), shown in the top right panel of figure 3.
However, the decline between the two samples in output per worker growth
is still large, from about 1.8 to 1.2 percent a year, according to table 1. This
decline is largely driven by lower total factor productivity (TFP) growth
and lower investment-specific technical progress. Table 1 shows that the
growth rate of John Fernald’s (2015) TFP measure goes from 1.1 percent
a year to less than 0.8 percent a year, while the growth rate of the relative

5. This index aggregates underlying capital goods using rental prices, which is the cor-
rect measure for an aggregate production function. In contrast, capital at current cost is a
nominal value that sums purchase prices.

6. Over the long term, these ratios behave differently. The BLS index has exhibited an
upward trend since the mid-1970s due to the decline in the price of investment goods, but
this trend has slowed down recently. In contrast, the current cost capital-output ratio is nearly
trendless.
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Figure 3. U.S. Macroeconomic Trends, 1984-2016°
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Sources: See the online appendix, section 1, for all data sources.

a. The top left panel shows the gross labor share for the nonfinancial corporate sector, measured as the
ratio of nonfinancial business labor compensation to gross nonfinancial business value added. The top
right panel is the employment-to-population ratio. The bottom left panel shows the growth rate of total
factor productivity (TFP). The bottom right panel is the growth rate of the relative price of investment
goods and consumption goods. The horizontal lines represent the mean in the first and second halves of
the samples—1984-2000 and 2001-16, respectively.

price of investment goods to nondurable and service consumption goes
from about —1.8 percent to —1.1 percent a year. These series are depicted in
the bottom panels of figure 3.

Fact 6: The labor share has fallen. Finally, the top left panel of figure 3
presents a measure of the gross labor share for the nonfinancial corporate
sector; table 1 also includes a measure that covers the entire U.S. economy.
As has been noted by many researchers (Karabarbounis and Neiman 2014;
Elsby, Hobijn, and Sahin 2013; Rognlie 2015), the labor share exhibits a
decline, especially after 2000 in the United States.

Of course, all these facts are somewhat difficult to ascertain graphically,
given the short-term samples and the noise in some series. This leads us to
evaluate the statistical significance of these changes.
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11.B. Statistical Evaluation

To summarize the trends in these series in a more formal way, table 1
reports several statistics for the series presented in figures 1 through 3
as well as for alternative series that capture the same concepts. The firs
through fourth columns of table 1 report the means in the firstand second
subsamples, which are depicted in figures 1 through 3 as horizontal
lines, together with standard errors. The fifth column of table 1 reports
the difference between the means in the second and first samples, and
the sixth column is the associated standard error. The seventh column
is the regression coefficient of the variable of interest on a linear time
trend, and the eighth column is the associated standard error. (All stan-
dard errors are calculated using the Newey-West method with fiv
annual lags.)

Given the persistence of the series and the relatively short sample, sta-
tistical significance should be assessed cautiously. With this caveat, table 1
shows that for some indicators, there is little evidence of a break between
the samples, while for others, there is clear evidence of a break. Speci -
cally, interest rates, the labor share, and the investment-capital ratios are
markedly lower in the second sample. Conversely, valuation ratios and
the return on capital appear fairly stable. Growth measures, such as TFP
growth, are substantively smaller in the second sample, but the change is
not necessarily statistically significant

11.C. Longer Historical Trends

Figure 4 presents the evolution of nine of the moments we described
above, but over a longer sample, since 1950. (These nine moments will be
our estimation targets below.) For clarity, we add an 11-year centered mov-
ing average to each series, so we depict the evolution from 1955 to 2011.
One motivation for studying a longer sample is that real interest rates were
also low in the 1970s and to some extent the 1960s, and hence one ques-
tion is whether the abnormal period is the early 1980s, when real interest
rates were high. The figure shows, however, that the similarities between
the 1960s or 1970s and the 2000s are limited to a few variables. It is true
that profitability was high in the 1960s, but the price-dividend ratio was
lower, and the labor share and the investment-capital ratio were relatively
high, in contrast to the more recent period. Overall, neither the 1960s nor
the 1970s are similar in all respects to the 2000s. Moreover, a serious con-
sideration of the role of inflation is warranted to study the 1970s and early
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Figure 4. Macroeconomic and Financial Trends, 1965-2011°
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Sources: See the online appendix, section 1, for all data sources.
a. This figure presents the nine series used in our estimation exercise over the 1965-2011 sample,
together with an 11-year centered moving average.
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1980s, as inflation likely affected many of the macroeconomic aggregates
depicted here. This is why, for now, we focus on the post-1984 sample.
However, below we present some results starting in 1950 to illustrate what
our approach implies for these earlier periods.

IIl. The Model

This section introduces a simple model to account for the macroeco-
nomic and finance moments. Our framework adds macroeconomic risk
and monopolistic competition to the standard neoclassical growth model.
Given our focus on medium-run issues, we abstract from nominal rigidities
and adjustment costs.

111.A. The Model

We consider a standard dynastic model with inelastic labor supply. To
highlight the role of risk, we use Epstein-Zin preferences:

) V,=((1=B) Licte+BE, (Vie)is)™

pet

where V, is utility, L, is population size (which is exogenous and deter-
ministic), c,., is per capita consumption at time ¢, G is the inverse of the
intertemporal elasticity of substitution of consumption (IES), and 6 is
the coefficient of relative risk aversion. We assume that labor supply is
exogenous and equal to N, = NL,, where N is a parameter that captures the
employment-population ratio.

Final output is produced using a constant return to scale from differenti-

ated inputs,

1 &l g%
v=([) v ai)”
where € > 1 is the elasticity of substitution. These intermediate goods are

produced using a Cobb-Douglas production function,

yi,r =Z kq (ani,r)]_a

Vit

where k;, and n,, are capital and labor in firm i at time ¢, Z, is an exogenous
deterministic productivity trend, and S, is a stochastic productivity process,
which we assume to be a martingale:

(2) Sr+1 = StexHI

where ¥,,, is independent and identically distributed (iid).
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Capital is accumulated using a standard investment technology, but is
subject to an aggregate “capital quality” shock y,,,, which we also assume
to be iid:

ki,rﬂ = ((1 - 6) k” + Qr‘xi,r)e%ﬂ .

Here Q, is an exogenous deterministic trend reflecting investment-
specific technical progress, as given by Jeremy Greenwood, Zvi Hercowitz,
and Per Krusell (1997). The relative price of investment and consumption

goods is € .

Capital and labor can be reallocated frictionlessly across firms at the
beginning of each period after the shocks X and y have been realized.
Given the constant-return-to-scale technology, firms then face a constant
(common) marginal cost. It is easy to see that the economy aggregates to
a production function (see the online appendix, section 2, for details):’

3) Y,=ZK:(SN,)™

and that markups distort the firms first-order conditions, leading t

(1-0)Y,
4 — = uw
4) N uw,
Y
5 o— = UuR
)] X UR,
where | = Ll > 1 is the gross markup, w, is the real wage, and R, is

the rental rate of capital.
Moreover, the law of motion for capital accumulation also aggregates,

(6) K.=((1-8K+0X)e.

The choice of investment is determined by the (common) marginal prod-
uct of capital, leading to the Euler equation:

@) E[M, RX

17+

]=1

7. The online appendixes for this and all other papers in this volume may be found at the
Brookings Papers web page, www.brookings.edu/bpea, under “Past BPEA Editions.”



162 Brookings Papers on Economic Activity, Fall 2018

where M,,, is the real stochastic discount factor and R, is the return on

t+1
capital, which is given by

®) Rff( Yo 128 )Q,ew
HKH»I QIH

This expression is a standard user cost formula, which incorporates the
rental rate of capital of equation 5 but also depreciation, the price of
investment goods, and the capital quality shock. Given the preferences
assumed in equation 1, the stochastic discount factor is

Coerr - V .+ °
€)) M., =p| == B
Cres E (Vi)

_V
RUA

where V

" 18 the utility normalized by population,

The resource constraint reads
(10) C+X=Y

where C, = L¢,., is total consumption, and X, are investment expenses
measured in consumption good units.

The equilibrium of this economy is {c,.,, C,, X, K., Y,, R}, M,.,, V,.., V.},
which solves the system of equations 1 through 10, given the exogenous
processes {L,, Z,, Q,, S, X1» Wi} As is well known, in general such
a model admits no closed-form solution. Many researchers build their
intuition by studying either the nonstochastic steady state or numerical
approximations. This makes it somewhat difficult to explain the role that
macroeconomic risk plays. We show, in contrast, that for an interest-
ing special case, our model can be solved easily for a “risky balanced
growth path.”

111.B. Risky Balanced Growth

We make two simplifying assumptions. First, to obtain a balanced
growth path, we make the usual assumption that the exogenous trends
(population, L; TFP, Z; and investment-specific technical progress, Q,) all

1+1

. . L
grow at possibly different constant rates, so that =+ =1+g,,

t t

=l+g,,
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QH-I

1

and capital quality shock are equal:

=1+ g, for all 2 0. Second, we assume that the productivity shock

XH—] = WH—I *

In this case, it is straightforward to verify that the equilibrium has the
following structure:

X, =TS x*
Y,=TS,y*

and similarly for C,, while for capital and utility, we have K, = T,5,0 k*

and V.= L= T.S,v*. Here, the lowercase, starred values denote constants;
S, is the stochastic trend defined in equation 2 corresponding to the
accumulation of past productivity / capital quality shocks X; and T, is a
deterministic trend, defined a

1 o

T =LZ-Qi~

t 1

whose growth rate is denoted g, and satisfies the usual condition

amn I+g,=(1+g)1+g,)e(l+g,)~

where o is the Cobb-Douglas parameter, g, is the rate of growth of
investment-specific technical progress, g, is population growth, and g, is
productivity growth. The trend growth rate of output per capita is

1+g,
1+gL'

I+ g,c=

Finally, the stochastic discount factor is

12) M, = B(l t e )70 e E (e )?:_g

where 0 is risk aversion and o is the inverse of the IES. We can then easily
calculate all objects of interest in the model, including x*, y*, as we show
in the next section and in section 1 of the online appendix.

Figure 5 presents an example of the time series produced by the model.
The equilibrium corresponds to a “balanced growth path,” but one where
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Figure 5. An Example of the Time Series Produced by the Model®

Log
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Time
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Source: Authors’ calculations.

a. The figure presents an example of the time series generated by the model—in the top panel, output,
consumption, and investment (in log); in the bottom panel, return on capital and the risk-free rate. In this
example, the economy is affected by two realizations of y shocks, at r =4 and ¢ = 57.

macroeconomic risk still affects decisions and realizations. Specifically,
the realization of the macroeconomic shock 7., affects the stochastic trend
S,., and hence X,,,, Y,.;, and so on, while the effect of risk, conversely, is
reflected in the constants x* y*. The bottom line is that the “big ratios”—

I, 1II

i t t

such as L,—,—, and the like—are constant, as in the standard
Y Y KJ/Q

Kaldor calculations, but now incorporate risk; we discuss these ratios in
the next section.® This result holds regardless of the probability distribution
Of Xl+1 .

8. Of course, the economy can also exhibit transitional dynamics if its initial capital is
too low or too high, before it reaches the “risky balanced growth” path.
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The treatment of deterministic trends is completely standard. What is less
standard is that in our model, a common stochastic trend affects all vari-
ables equally, which generates great tractability. In the standard real busi-
ness cycle model, there are no capital quality shocks—that is, y,,, =0, and a
(permanent) productivity shock y,,, leads to a transition as the economy
adjusts its capital stock to the newly desired level, before eventually reaching
the new steady state. By assuming %,,, = .., this transition period is elimi-
nated because the capital stock “miraculously” adjusts by the correct amount.
This simplifies the solution of the model because agents’ expectations of
future paths are now easy to calculate.” The capital quality shock is also
important if the economy is to generate a significant equity premium, for
it makes the return on capital volatile rather than bounded below by 1 — 9.

111.C. Model Implications

This subsection presents model implications for the “big ratios” and
other key moments of interest along the risky balanced growth path. We
present the Euler equation, which leads to a standard user cost calculation,
and then discuss valuation ratios and rates of return.

It is useful to define the composite paramete

B* = Er (MM]eXHI)

which equals

(13) Bt = B(1+ g,0) " X E(e0 )i
. . 1 . L
and its rate of return version r* = Py 1 = —log®*, which satisfie
oL
14) r*=p+0g,+0 1 g log E (e~

9. Because we do not study the actual responses to ,,, shocks, there is little loss in this
simplification; what is key for us is that agents regard the future as uncertain, and that
bad realizations of ¥,,, will have reasonable consequences (for example, a low return on
capital), which lead agents ex ante to adjust their choices, such as for investment. This
argument—formulated by Gabaix (2011) and Gourio (2012)—can be applied to larger
models; for instance, for New Keynesian models with disaster risk, see Gourio, Kashyap, and
Sim (2018); and Isoré and Szczerbowicz (2017).
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where p = %—1 = —logP."® The parameter r* will turn out to equal in

equilibrium the expected return on capital, and to be a “sufficient statistic”
to solve for the “big ratios” —that is, we do not need to know p (that is, )
0, o, or the distribution of %, but only r*.

CAPITAL ACCUMULATION To solve the model, we use the Euler equation 7,
which along the risky balanced growth path reads

1 o S| 1-9
15 — = —0*| =
(1 p* (MQ (N) 1+gQ+1+gQ)

where Q* is the level of investment technical progress Q,, that is,

0,=0*(1 +g,);s0 é affects the level of the relative price of investment

and consumption. This equation pins down k* and the capital-labor ratio,
and it generalizes the familiar condition of the neoclassical growth model
to incorporate risk, through *. We can rewrite this as the equality of the
user cost of capital and marginal revenue:

1 of k* Y
(16) §(V*+6+8Q z;(ﬁ) .

Equation 16 directly shows how higher market power or a higher required
risky return lowers the desired capital-labor ratio.

To calculate the other big ratios, first note that K,/Q, is the capital
stock, evaluated at current cost. The capital-output ratio is obtained
from equation 16 as

K _° 1
Y, wrE+d+g,

t

A7)

10. Here and thereafter, the = sign reflects the first-order approximation log(1+ x) =
1

X = .
1-x
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and the investment-capital ratio is

X
18 L
(18) X0 8ot 8 +9d

which reflects the familiar balanced growth relation. Last, the investment-
output ratio is obtained by combining equations 17 and 18:

° g, +0+
(19) th_gT 8 gQ'
Y, ur*+d+g,

t

INCOME DISTRIBUTION The labor share in gross value added is, using
equation 4,

20) 5, = w,N, _ 1-o
Y, u

and hence the measured capital share is

_uto-1
—H :

s,=1-—1s,

This capital share can be decomposed into a pure profit share, which
rewards capital owners for monopoly rents, and a true capital remuneration
share, corresponding to rental payments to capital, that is, s, = s, + 5, With

21) s = p-1
m

and

(22) So=—.
n

VALUATION RATIOS The firm value is the present discounted value of
the dividends D, = I1, — X,. In equilibrium, this value equals the value of
installed capital plus monopolistic rents. Formally, the ex-dividend firm
value P, satisfies the standard recursio

Pt= Ez(Mt+l(Pr + Dt+l))‘

+1
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Given that the equilibrium is iid, the price-dividend ratio is constant, and
satisfies the familiar Gordon growth formula
P* B* (1+g,) _l+g

(23) — = .
D* I_B*(1+gr) r*_gr

Tobin’s Q is defined a

(24) F_. 1+ g»,v)(l + “__IMJ

KI/QA o r*_gT

Because we do not incorporate adjustment costs, Tobin’s Q equals
(approximately) 1 when there is no market power—that is, i = 1." But
if there is some market power, the value of Tobin’s Q depends on several
parameters, which affect (1) the size of the economy and hence the rents,
and (2) the discount rate applied to all future rents.

RATES OF RETURN We now compare three benchmark rates of return in
this economy: the risk-free rate, the return on equity, and the profitabi -
ity of capital, which is often used in macroeconomics as a proxy for the
marginal product of capital. The gross risk-free rate (which can be priced,
even though it is not traded in equilibrium) is

1 E (e(lfe)xtu )
CEM,,) PBrE(e™)’

which we can rewrite as the net risk-free rate, that is, 7= RF — 1:
(25) ry=r*+logE (e ) — log E(e ™)

The average profitability of capital can be inferred—as by Gomme, Ravi-
kumar, and Rupert (2011) and Casey Mulligan (2002)—as the ratio of

11. Tobin’s Q is usually defined as L, but with capital quality shocks K,,, is

1+l 1+1
unknown at time ¢, leading us to adopt this definition, which creates the 1 + g, wedge. One

A

ErK t+1 / Qr+l
E e =1, an assumption that we maintain through most of the paper.

could also define Tobin’s Q as , which eliminates the wedge provided that
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(measured) profits to the stock of capital. We denote it MPK because it is
often used as a proxy for the marginal product of capital, though this holds
only under constant return to scale and perfect competition. This MPK
can be calculated either gross or net of depreciation. For instance, in gross
terms, we have

(26) MpK = 1 _MFO-
K, /O, o

1(r"<+8+gQ).

Conceptually, this MPK exceeds the risk-free rate for three reasons:
first, it is gross of both physical and economic depreciation; second, it
incorporates profit rents; and third, it is risky. We can decompose the
spread between the MPK and the risk-free rate to reflect these three
components:

(27) MPK—rfz6+gQ+u;1(r*+6+gQ)+r*—rf.

A main goal of our empirical analysis is to evaluate the importance of
these different components.
The expected equity return is defined a

P, +D,
E(RH])zE( r+1P r+l)

t

and it is easy to show using equation 23 that
1 X
(28) ER.)= §E(e ).

In the case where E(e*+) = 1, which we use in our applications, the
o 1 .
gross expected return on equity is exactly § , and the net return is r*.

The same expected return also applies the return on physical capital
17T
WK
value here stems from capital and rents, but it turns out that both compo-
nents have equal risk exposure and hence equal expected returns.

RE —(L + ﬂ)QteM defined in equation 8. Conceptually, the firm

1+ t+1
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Finally, the equity risk premium (ERP) is obtained by combining
equations 25 and 28:

E(R.) _ E(e"™)E(e")

R/‘J+1 E (e(l—e)xl-H )

ERP =

111.D. Comparative Statistics

We now use the expressions developed in the previous subsection to
illustrate key comparative statics of the risky balanced growth path. These
statics are useful for understanding the identification of our model. Most of
the parameters have the usual effects; we focus on parameters that are typi-
cally absent from the neoclassical growth model, or parameters that play an
important role in our empirical results.

THE EFFECT OF RISK The effect of higher risk on macroeconomic vari-
ables is mediated through P*. The cleanest thought experiment is to
consider a shift in the distribution of the shock % in the sense of second-
order stochastic dlominance, so that y becomes more risky. Such a shift
reduces E (e'-"*)is, and hence leads to a lower B* if and only if o < 1,
that is, the IES is greater than unity. A lower B* in turn leads to a lower
capital-output ratio, a lower investment-output ratio, and a higher profit
capital ratio, according to equations 17, 19, and 26, respectively. The
logic is that risk deters investment in this case, leading to less capital
accumulation. This reduction in the supply of capital increases MPK,
given a stable demand for capital. Moreover, as is well known in the
macroeconomic and finance literature, and as shown by equation 23,
higher risk decreases the PD ratio if the IES is greater than unity. Con-
versely, if the IES is lower than unity, higher risk leads to a lower
expected return, and hence to higher capital accumulation and a higher
price-dividend ratio. In the knife-edge case of a unit IES, corresponding
to log preferences, risk does not affect the required return on capital r*
and hence does not affect capital accumulation. In all cases, risk has no
effect on the labor share or long-term growth (though higher risk has
a level effect on capital and GDP, that is, k* and y*). The equity risk
premium r* — r,is increasing in risk, regardless of the IES. The spread
between the MPK and the risk-free rate is hence increasing in risk, at
least if W is small enough so that the middle term of equation 7 does not
dominate the third term.

We have not specified the distribution of the shock y; but for some par-
ticular distributions, one can obtain exact formulas. For instance, if % is
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. . (o . . .
normal with variance ©; and mean W, = —7" , so that an increase in G, is a

pure increase in risk, we have, denoting B =B+ g.)°,

2

logp* =logB -(- 6)6%

2

logRF = —logB -1+ 0)9%

log ERP = 6G>

These formulas capture the usual effect of risk aversion and the quantity
of risk on the ERP and the risk-free rate, but are now valid in a production
economy, and furthermore 3* links macroeconomic risk to macroeconomic
variables such as the capital-output ratio, as discussed above. We provide
more discussion in section 2 of the online appendix for different assump-
tions about the distribution of .

THE EFFECT OF SAVINGS SUPPLY In our model, the effects of a change in the
discount factor (3 are the same as a change in risk, because both are mediated
through B*. The one exception is the risk-free rate, which is affected directly
by B* but also directly by risk measures, for example, risk aversion 6 or the
quantity of risk . In the case where the IES is greater than unity, higher 3
has the same implications as lower risk. Hence, higher savings supply leads
to higher capital accumulation, a higher investment-output ratio and a lower
marginal product of capital, and a higher price-dividend ratio, while the
risk-free rate falls. The spread between the MPK and the risk-free rate,
shown in equation 27, is little affected by B: B only affects the quantity of
rents through r*, while the equity risk premium r* — r, is independent of [3.

THE EFFECT OF MARKET POWER One potentially important factor that has
been invoked to explain the trends we document is market power. In our
model, an increase in W has no effect on long-term growth, the risk-free
rate, or the price-dividend ratio; but it has a significant effect on other vari-
ables. Higher markups reduce both the labor share and the “true capital
share,” s,, but increase the pure profit share, s,. According to equations 19
and 17, higher market power also reduces investment-output and capital-
output ratios, as firms have less incentive to build capacity. The spread
between the MPK and the risk-free rate is increasing in market power
(equation 27). Finally, higher market power reduces the level of GDP by
reducing capital accumulation.



172 Brookings Papers on Economic Activity, Fall 2018

THE EFFECT OF TREND GROWTH Trend growth, g,—which can be traced
back to productivity growth, population growth, or investment-specific tech-
nical growth— affects B* but also independently affects the ratios of interest.
Higher growth generally increases the investment-capital and investment-
output ratios and increases the risk-free rate and valuation ratios, while the
effect on profitability ratios depends on the exact source of growth

IV. The Accounting Framework
This section describes our empirical approach and discusses identification

IV.A. Methodology

We use a simple method of moment estimation. In the interest of clar-
ity and simplicity, we perform an exactly identified estimation with nine
parameters and nine moments. In a first exercise, we estimate the model
separately over our two samples: 1984-2000 and 2001-16. We then discuss
which parameters drive variation in each moment. In a second exercise, we
estimate the model over 11-year rolling windows, starting with 1950-61
and ending with 2006-16. In all cases, we fit the model’s risky balanced
growth path to the model’s moments. In doing so, we abstract from busi-
ness cycle shocks, in line with our focus on longer frequencies.'

The moments we target are motivated by the observations in the intro-
duction and section I:

(M1) the gross profitabilit , i ;2
K

(M2) the gross capital share, n :
Y

(M3) the investment-capital ratio, é ;

(M4) the risk-free rate, RF

12. This exercise involves some “schizophrenia,” because our model assumes that
parameters are constant, even though they are estimated to change over time; and when
parameters change, the model would exhibit some transitional dynamics, which we abstract
from for now; see section VI. Further, the agents inside our model do not understand that
parameters might change, let alone anticipate some of these changes.

| | .
13. From here on, we denote measured average profitability Ve and the investment

1 . . . .
rate E—that is, we omit Q; and we denote investment with X.
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(M5) the price-dividend ratio, PD;

(M6-M38) the growth rates of population, TFP, and investment prices;
and

(M9) the employment-population ratio.

As we show here, these moments lead to a clear identification of our
nine parameters, which are:

(P1) the discount factor, [3;

(P2) risk, modeled as the probability of an economic crisis or
“disaster,” p;

(P3) the markup, U;

(P4) the depreciation rate of capital, J;

(P5) the Cobb-Douglas parameter, o.;

(P6-P8) the growth rates of TFP, g_, investment-specific progress, g,
and population, g,; and

(P9) the labor supply parameter, N.

The choice of moments is motivated, of course, by the questions of
interest—explaining the joint evolution of interest rates, profitabilit ,
investment, valuation, and trend growth—but also by the clarity with which
these moments map into estimated parameters. For instance, because
we target % , % , and é (and because we have taken care to construct

these moments in a consistent manner), the model will mechanically match
the evolution of the investment-output ratio L or the capital-output ratio
Y

g. Hence, we could have taken é as a targeted moment, which would

have led to the exact same estimates and implications, but the identi cation

is clearer with r . Beyond this, some changes in identification strategy are
K

possible, however; for instance, one could target the price-earnings ratio
instead, or GDP growth per worker; these yield quite similar results.

We also note that the parameters can be mapped into the narratives
often put forth when discussing the trends, at least at a high level;
in particular, changes in longevity map into a change in the discount
factor B; more generally, changes in savings supply can be captured as
changes in 3; changes in the competitive environment are captured by
a change in U; changes in technology should be reflected in o8, or the
growth rates of the technological factors g_and g,; and so on. However,
it is also possible that some economic factors affect all our parameters
at the same time.
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There are three parameters that we do not estimate; we discuss why, and
how this affects our results in the next section on identification. The three

parameters are the IES l , the coefficient of risk aversion 0, and the
o

size of macroeconomic shocks b. Specificall , we assume that 7., follows
a “disaster risk” three-point distribution, that is,

X,.. = 0 with probability 1 —2p
X... = log (1 — b) with probability p
X... = log(1 + b, ) with probability p

where b, is chosen so that E(e*+) = 1. We estimate p but fix b (and
hence b,).

IV.B. Identification

In this subsection, we provide a heuristic discussion of identification,
and make two main points. First, the identification is nearly recursive, so
that it is easy to see which moments affect which parameters. Second, and
consequently, the identification of some parameters does not depend on all
the data moments.'*

The identification is easily seen to be nearly recursive. First, some
parameters are obtained directly as their counterparts are assumed to be
observed: population growth, investment price growth (the opposite of g,),
and the employment-population ratio. The growth rate g, is next chosen to
match measured TFP."> One hence obtains g,, the trend growth rate of GDP,

14. Section 3 of the online appendix includes the matrix of sensitivity of parameters to
moments, as suggested by Andrews, Gentzknow, and Shapiro (2017).

15. This step is, however, not completely straightforward, which is why we only say that
the identification is nearly recursive. TFP in the data is measured using the revenue-based

L . o .
labor share, which in the model is s, = rather than the cost-based labor share, which
in the model is 1 — o. As a result, the TFP that an economist would measure in our model is

Sy
1-o

1si0:x _(I_SL))gQ)

gT_ngN_(l_sL)gK:( gz+(

and hence is not equal to g. because s, # 1 — o In particular, matching TFP requires knowing
the value of o, which is why it is not fully recursive. This turns out to have relatively small
effects in our empirical work.
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given by equation 11. The depreciation rate  is then chosen to match é

according to the familiar balanced growth relation (equation 18):

1
<= S+ g,+ 8

The model then uses the Gordon growth formula (equation 23) to
infer the expected return on risky assets, r*, given the observed price-
dividend ratio:

P* 1+g,

E r*_gr‘

Importantly, to infer r*, we do not need data on the risk-free rate, or
assumptions about the value of [, risk aversion 0, or the distribution of .

The next step is to identify the parameters o and [ to match the profi
share of output and the ratio of profits to capital, using equations 20
and 27, that is:

1-o
s, =—

u

and
7 ekt Y P
o

o

where s, and MPK = X are the observables and o and | the unknowns.

The solution is, denoting by uc = r* + & + g, the frictionless user cost
of capital, to set

MPK
s, MPK + (1 — s, )uc

u:

and

o = uc(l—s,)
s, MPK + (1 —s,)uc
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Intuitively, the first equation infers market power (here, the Lerner
index) from the discrepancy between MPK and the frictionless user cost of
capital uc. The parameter o is then obtained to fit the observed labor share.
A key remark is that our identification of o and 1 does not require data on
the risk-free rate or making any assumption about risk aversion 6 or the
distribution of y —we simply use the sufficient statistic r*, which has been
previously identified

Economically, our approach boils down to using the traditional Gordon
growth formula— which holds in our standard neoclassical framework —to
deduce the required return on capital from the price-dividend ratio and the
growth rate, and hence to construct a user cost of capital r* + & + g, that
incorporates risk.'

At this point, we can also bring in data on the risk-free rate to infer the
equity premium r* — r,. Here again, note that the behavior of the equity pre-
mium is therefore inferred without making assumptions about risk aversion 6
or the distribution of ). However, to understand what drives the risk-free
rate, one needs to separately infer B, risk aversion 6, and the quantity of
risk . Doing so requires extra assumptions about these variables and about
the IES (which is not identified in our model, given that growth rates are
iid), as can be seen from equation 14:

- b

r¥ = p+ 08, tO 1 (95 IOgE(e(lfe)x’“ )

We present our baseline result with an IES of 2, arare disaster distribution'’
for ¢ with a shock of 15 percent (e’ = 0.85), a probability p that we esti-
mate, and a risk aversion coefficient of 12. As should be clear by now, none
of these choices affects our inferences about o, |1, or the equity premium.
Concretely, given these additional assumptions, we can solve for the quan-
tity of risk p that satisfie

r*—r, = logE(e™) —log E (")

16. Our procedure is closely related to the approach of Barkai (2016), the main differ-
ence being the way we incorporate risk. Barkai (2016) simply uses a Treasury rate or corpo-
rate bond yield to construct the user cost.

17. The asset pricing disaster literature—Barro (2006), Gabaix (2012), Gourio (2012),
and Wachter (2013)—often models disasters as much larger shocks; here, the 15 percent
decline we assume is roughly in line with the U.S. experience after 2008 (for example, the
level of GDP as of 2016 is about 15 percent below what would have been predicted based on
a log-linear trend in 2007).
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Table 2. Estimated Parameters: Baseline Model*

Estimate
Parameter name Symbol 1984-2000 2001-16 Difference
Discount factor B 0.961 0972 0.012
Markup u 1.079 1.146 0.067
Disaster probability P 0.034 0.065 0.031
Depreciation 3 2.778 3.243 0.465
Cobb-Douglas o 0.244 0.243 —-0.000
Population growth 8 1.171 1.101 —0.069
Total factor productivity growth 8 1.298 1.012 —0.286
Investment in technical growth &o 1.769 1.127 -0.643
Labor supply N 0.623 0.608 -0.015

Source: Authors’ calculations.
a. This table reports the estimated parameters in our baseline model for each of the two subsamples,
1984-2000 and 2001-16, and the change between subsamples.

and we can then use the equation above for r* to deduce p—that is, . In
section VI, we present the results when the IES is instead assumed to be
0.5, and we also discuss results when we choose other distributions for
X, or if we instead fix the amount of risk and estimate the risk aversion
coefficient 0.

V. Empirical Results

We first compare the two subsamples, and then we contrast the results with
more standard macroeconomic approaches that do not entertain a role for
risk. Finally, we present results over rolling windows in a long sample.

V.A. A Comparison of Two Subsamples

Table 2 shows the estimated parameters for each subsample and the
change of parameters between subsamples. Overall, our results substanti-
ate many of the narratives that have been advanced and that we mention
in the introduction. The discount factor B rises by about 1.2 points,
reflecting higher savings supply. Market power increases significantl , by
about 6.7 points. Technical progress slows down, and the labor supply falls
(relative to population). The model also estimates a significant increase
in macroeconomic risk (the probability of a crisis), which goes from
about 3.4 percent to 6.5 percent a year. We will return to the interpreta-
tion of this result below. Conversely, there is only moderate technologi-
cal change: Depreciation increases, reflecting the growing importance of
high-depreciation capital such as computers, but the Cobb-Douglas param-
eter remains fairly stable. This stability of the production function is an
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interesting result. Overall, the model gives some weight to four of the most
popular explanations (B, |, p, gs). But exactly how much does each story
explain?

Table 3 provides one answer. By construction, the model fits perfectly
all nine moments in each subsample using the nine parameters. We can
decompose how much of the change in each moment between the two sub-
samples is accounted for by each parameter. Because our model is non-
linear, this is not a completely straightforward task; in particular, when
changing a parameter from a first subsample value to a second subsample
value, the question is at which value to evaluate the other parameters (for
example, the first or second subsample value). If the model were linear, or
the changes in parameters were small, this would not matter; but such is
not the case here, in particular for the price-dividend ratio. In this table, we
simply report the average over all possible orders of changing parameters,
as we move from the first to the second subsamples '*

Overall, we see that the decline in the risk-free rate of about 3.1 percent
(314 basis points) is explained mostly by two factors: higher perceived
risk p, and higher savings supply 3, with lower growth playing only a mod-
erate role.” Why does the model not attribute all the change in the risk-free

18. Formally, let 6= (87, . . . 0%) and 6° = (6, . . . 6%) denote the parameter vectors in
subsamples a and b respectively, and consider a model moment that is a function of the
parameters: m = f(0). Consider a permutation c: [1, K] — [1, K] that describes an order in
which we change parameters from their initial to final value; we first change 6, then 0,
and so on. Then calculate the change implied when we change parameter [/ € 1, K] along
this order, that is,

A(0)=f(0%;0,)— f(85;07,))

where z, = 6(1:67!(!)) are the parameters that have been switched already from initial to final
values, and z, = 6(1:57'(/) — 1) the ones which are not switched yet. The change in m due to
parameter [/ € 1, K] is defined a

1
AFN—Ug,Az (o)

K
where the sum ranges over all possible permutations. By construction, ZA, = f(8") - f(6*)
1=1
accounts exactly for the model implied change in the moment, which, because the model
fits the targeted moments perfectly, and also accounts exactly for the change in the data:
f(0°) — £(6) = m® — m°. In the online appendix, we also report the upper and lower bounds
when we consider all possible combinations of other parameters. This provides a way to
bound the importance of each factor.
19. This conclusion does depend somewhat on our assumed IES, as we discuss in detail
below.
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rate to savings supply? Simply because it would make it impossible to
match other moments, in particular the PD ratio. Even as it is, if only the
change in savings supply B were at work, the PD ratio would increase by
over 30 points. The model attributes offsetting changes to risk and growth,
explaining in this way that the PD ratio increased only moderately over this
period, despite the lower interest rates.

Similarly, profitability would decrease by almost 2 percentage points if
the change in § was the only one at work—all rates of return ought to fall
if the supply of savings increases. The model reconciles the stable profi -
ability with the data by inferring higher markups and higher risk. Overall,
we see how the model needs multiple forces to account for the lack of
changes observed in some ratios. The higher capital share is attributed
entirely to higher markups, as capital-biased technical change appears to
play little role.

We can now use these model estimates to explain the evolution of some
other moments; these are reported in table 4. First, as we discussed in
section III (equation 27), the spread between the measured MPK and the
risk-free rate can be decomposed in three components:

MPK—rf=8+gQ+M (r*+g,+0)+r*—r,

where the three components are depreciation (8 + g,), rents, and risk
(r* — r;). We can calculate this decomposition in the model using the
estimated parameters. The table reveals that depreciation changed
little overall —faster physical depreciation is offset by slower economic
depreciation —but the rents and risk components both rise by about 2 per-
centage points. (An alternative way to decompose the change in spread is
to read, in the first row, the decomposition of the change in spread due to
each parameter change; this yields a similar answer, as the increases in [
and in p account for the bulk of the increase in the spread.)

We also report the model implied equity return and equity premium.
Though not a direct target, we estimate a sizable equity premium, of nearly
5 percent a year in the recent sample. (This premium assumes no leverage;
see section VI for a discussion of leverage.) More interestingly, the premium
has increased by about 2 percentage points since 2000. In total, expected
equity returns have fallen by almost 1 percentage point because the decline
in the risk-free rate is larger than this increase in the equity premium.

Regarding valuation ratios, we have already emphasized the moderate
increase of the price-dividend ratio due to offsetting factors. Table 4 also



*a3ueyd JuaWowW Yors 0) 1ejouwered yoea Jo uonnqruuod ) pue ‘sajduwres usemiaq 23ueYD ) Se [[oM SB ‘9[—]00T PUB 000Z—+861 ‘sejdwesqns om)
Ay} JO Yord 10§ sanfeA 1ojowered pajewns oY) SuIsn [opOW Y Ul PAJB[NI[ED JSAINUI JO SJUAWOW dwos s110dar a[qe) SIy ], “ojer 2a1y-ysul = .7y ‘[errded jo jonpoid [eurSiew = y i e
*SUOIE[NO[LD SIOYINY :90IN0S

SV 960~  S¥T-  ¥60-  0T0-  TI0- 869 08—  8I'LI S6't— — — (a3ueyd %) J puene(
SYT— 96T $9'0 000 LOO-  TST-  OL1- S6'1-  8I't 0£0~ — — (a8ueyd %) A puaneq
000 650- TS0- 90— TOO-  €TO 060~ €01-  0TT 8.0~ 0S'91 8T LI Al
000- 810 ¥0°0 000 000- IT'0-  CI'0- €I0— 620 ST°0 8T'C €1'e A
w0100
000 000 000 000 000 000 000 9%’ 000 9t'S 9L Tl 0€'L yoxd jo areys
000 000 000 000 €00— 000 000 €CI— 000 Se - ¥TIT 6STT [earded jo areys
000 000 000 000 €00 000 000 cI'y— 000 or'v— 1099 I1°0L Toqe[ jo areys
%m&t&w NEQQQ\ .Q
000- I€0- 8T0— 800- 000 110 80— PET SO'T 1% $8°¢ 0S¢ O s.u1qo,
000~ +v€0- LVI-  6S0- 000 SC0- LS 80°S 91°01 ¥6'L 6L°ST S8LT STUIUIBO-00L1d
000 9LT—  LOS—  98I1- TO0- 000 61€I- 000 L9°0€ 8L'L 110 e PUSPIAIP-90LI
SoNDL UODN]DA * )
000 0I'0-  61'0-  000- 000- 000 w9I- 000 - I e- Se0— 6LC Q) 2IJ-YSIY
000 000 000 000 000 000 81'C 000 000 81'C STS LO'E wnrwaid L1inbg
000 0I'0—  6I'00  000- 000- 000 960 000 wi- 960~ 06't 68'S winyar Kyinbg
winjal Jo vy g
000 000 100— 000 000- 000 I 000 SO0— 80'C €TS ST'e wnrwaid ysry
000 SE0—  600— 000~ 000 120 ¥T0 €LT 650 L1'T S 6€°€ Tomod 11BN
000 90— 000 000 000 L0 000 000 000 810~ LEY SSy uoneroardoq
000- SOT— O0I'0— 000- 000 89°0 6£T 9L'T 990~ WY YT ST At peaxds [ejog,
pvouds JI-NdIW 'V
N o8 8 8 0 Q d n g duaffid  9I-100¢  000T—+861 121DV
4212u.and Y202 [0 UOUNGLIIUOY) spuauiows paduir-1apop

SIUIWOA 19410 03 siojauleled jo suonnquiuo) °f ajqel



182 Brookings Papers on Economic Activity, Fall 2018

shows the analysis of the price-earnings ratio and Tobin’s Q. The latter
increases significantl , from about 2.5 to 3.8 between the two samples,
reflecting both the increase in market power and the effect of the change in
discount rates at which these rents are discounted.

The model also speaks to the income distribution between labor, cap-
ital, and rents. The approach taken here is that we accurately observe
the payments to labor in the data, and cannot easily split the remainder
between capital and profits. In the model, we can study the decompo-
sition and how it changes between the two subsamples. The decline
of about 4 points in the labor share is accompanied by an even larger
increase in the profit share, of about 5 points, so that the capital share
actually declines slightly.

Finally, we can use the model to see the effect of these changes on macro-
economic variables—for instance, the capital-output and investment-output
ratios. On one hand, a higher savings supply pushes investment up, leading
to more capital accumulation. For instance, the change in B would push the
investment-output ratio up by over 2 percentage points, while in the data it
fell. On the other hand, rising market power and rising risk push investment
down. Our model hence accounts for the coexistence of low investment
and low interest rates. Note also that higher depreciation also requires more
investment along the balanced growth path, while lower growth implies less
investment. The model hence produces a fairly nuanced decomposition for
the evolution of this ratio.

We can also ask what is the effect of each parameter on the level of
GDP or investment.” For instance, higher market power discourages capi-
tal accumulation and reduces output. It is easy to show that the elasticity of

[e]

—,or about —0.32 for our estimate

GDP to markups in this model is 1

of a.. Given the fact that estimated markups rise by 6.2 percent (= 6.7/1.079),
the effect on GDP is about —0.32 X 6.2, or about —2 percentage points
(—1.95 percent in table 4). Here, too, there are several counteracting factors,
however, which imply that the overall level effect on GDP is small (about
—0.30 percent). In particular, a higher savings supply and lower economic
depreciation lead to higher capital accumulation, while higher risk leads to
lower capital accumulation. Investment is more negatively affected by the
changes, with a level effect of about —5 percentage points, owing largely

20. By level of GDP we mean y*, that is, the level of GDP once the proper deterministic
and stochastic trends have been removed. We abstract from the growth effects —for example,
a higher g_ or g, has the mechanical effect of steepening the overall path of GDP.
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to markups and risk, but also to lower growth and a lower employment-
population ratio.

V.B. A Comparison with Macroeconomic Approaches

It is interesting to compare our results with alternative procedures
followed by macroeconomists. Indeed, our empirical exercise is essentially
the calibration of the “steady state” of a very-bare-bones dynamic stochas-
tic general equilibrium (DSGE) model. Any DSGE model writer faces the
same issues as we do to fit these key moments

Indeed, real business cycle modelers are aware of a trade-off between
fitting the capital-output ratio and the risk-free interest rate. Because these
models also target the labor share, the discrepancy precisely reflects the
gap between the MPK (the profit-capital ratio) and the risk-free interest
rate. Often, modelers reject short-term Treasury interest rates as measures
of the rate of return on capital, noting that these securities have special
safety and liquidity attributes, which are not explicitly modeled.”’ Mechan-
ically, these models consider that the observed risk-free rate equals the
model risk-free rate times an unobserved convenience yield ¢°. This yields
an additional parameter & to estimate. At the same time, these models have
traditionally abstracted from aggregate market power, setting WL = 1, and
from risk, so that p =0, and have not explicitly targeted the price-dividend
ratio. The assumptions lead to a well-defined exactly identified exercise
with eight moments (our baseline, minus the price-dividend ratio) and eight
parameters (our baseline, plus the liquidity wedge &, less market power L
and risk p), which is an alternative to our approach. The last three columns
of table 5 present the results from this exercise, which we call the “macro-
without-markups” approach.

This approach leads to a much higher value of o and “explains” the
decline of the labor share by an increase of o.. The decline of the Treasury
rate, and the growing gap between the MPK and this rate, are fully accounted
for by a very large, and growing, liquidity premium, which equals about
-& = 6.1 percent in the first sample and about 10.2 percent in the second
sample. We find both the level and change in this wedge to be implausible.

21. See, for instance, Campbell and others (2017) for a presentation of the Federal
Reserve Bank of Chicago’s DSGE model, which, based on Fisher (2015), introduces a
liquidity wedge that accounts for the discrepancy between the rate of return of capital and
the risk-free rate.

22. New Keynesian models are an important exception, but market power is often set on
an a priori basis in these studies (for example, a markup of 15 percent), and profits are offset
in a steady state by fixed costs
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An alternative approach is to abstract from this liquidity but to allow for
markup, while still omitting the PD ratio from the list of targets and risk
from the potential parameters. This is also a well-posed exercise with eight
moments and eight parameters, which we call the “macro-with-markups”
approach. In this case, the spread between the MPK and the risk-free rate
must reflect depreciation or rents. Intuitively, this approach assumes that
the risk-free rate can be used to infer the cost of capital, and hence rents
are deduced as a residual. The approach is conceptually quite similar to
that taken by Simcha Barkai (2016), though we present it in a slightly more
structural framework. The results are shown in the middle two columns of
table 5. There are a number of differences between these results and our
baseline results. First, the level of markups is much higher, and the increase
in markups is much stronger (about 16.6 points instead of 6.7 points).
Second, the increase in markups is so large that the model requires a sharp
decline in o (from about 0.18 to 0.12) to keep the labor share from falling
too much. This estimate suggests that technical progress has been biased
toward labor over the past 30 years—a somewhat implausible conclusion.
Conversely, this model also implies that § rose significantl . Below, we
discuss further differences for a longer sample.

Table 6 presents the implications of these different “calibrations.”
Notably, our approach offers a balanced view where increases in markups
and risk premia jointly explain the rising spread, while the macroeconomic
model without markups accounts for all of it with an unmodeled liquidity
premium and the macro model with markups accounts for all of it with
rising market power. As a result, the macro model with markups implies a
sharp decline in the level of GDP, by about 8 percentage points. Moreover,
the share of income going to capital falls, while the share of profits surges.
Conversely, the macro model without markups predicts an increase in the
level of GDP relative to trend—the liquidity premium does not discourage
capital accumulation in that model as much as markups or risk premia do
in the other versions of the model.

Another interesting implication is that Tobin’s Q, which increase signi -
cantly in our baseline, in a way that is broadly consistent with the data, is
actually undefined in the macro-with-markups approach, because the low
discount rates make the firm value infinite. In this sense, that model cannot
match the evolution of valuation ratios, given its target of interest rates.
Furthermore, the macro-without-markups approach implies decreasing
valuation ratios, which are at odds with the data, owing to the very large,
and rising, liquidity premium. These results provide indirect support for
our baseline model.
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Figure 6. Estimated Parameters over Rolling windows, 1955-2011?
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Source: Authors’ calculations.
a. This figure plots the estimated parameters for each year. The target moments are the local moving
averages over the 11 surrounding years.

V.C. Rolling Estimation

An alternative approach to fitting the model is to estimate it using roll-
ing windows rather than two subsamples. In this spirit, figure 6 presents
the estimated parameters when we estimate the model each year using an
11-year centered moving average to calculate the targeted moments. (That
is, we target the smooth lines shown in section II, in figure 4.) We start
our analysis in 1950 to avoid World War I1.** As noted above, this calcu-
lation assumes that agents are myopic, in the sense that they believe that

23. We thank Matthew Rognlie for proposing (and executing) this exercise in his discus-
sion at the National Bureau of Economic Research’s Summer Institute.
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Figure 7. Estimated Parameters 3, w: Baseline versus “Macro-with-Markups”
Approach, 1951-2011°
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Source: Authors’ calculations.
a. The figure plots the estimated 3 and y over rolling windows for the baseline model (dashed line) and
for the macro approach with markups (solid line).

the currently observed targeted moments will be constant forever, and it
abstracts from transitional dynamics.

We find a U shape in the parameter 3 (savings supply) and in macro-
economic risk p. Hence, our results suggest that risk premia declined in the
1970s and in the early to middle 1980s, before rising. Markups also have
a U shape but also an initial increase in the 1950s and 1960s. The capi-
tal parameter o has an increase in the late 1970s, which is later reversed.
Figure 7 compares the evolution of our parameters 3, 1L with the parameters
estimated using the macro-with-markups approach. Our estimated param-
eters are significantly more stable over time—the U shape is much weaker.
We find this interesting because accounting for stock market valuation
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Figure 8. Decomposition of Income, 1951-2011°
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Source: Authors’ calculations.
a. This figure presents the model-implied distribution of income, using the parameters estimated in
each year using the rolling window estimation. The labor share is 1 minus the sum of capital and rents.

ratios might be expected to lead to more unstable parameters—but we find
the opposite.

We can then use these rolling estimates to study the income distribution,
the return spread MPK — RF, and their drivers. Figure 8 presents the share
of pure profits, the true capital share, and the sum of the two for each year.
By construction, the total equals 1 minus the labor share, and matches the
data exactly.

The figure shows that the share of pure profits is estimated to have
risen in the 1960s, then fallen in the 1970s and risen since 1980. Inversely,
the capital share fell, then rose and fell. This picture reflects the puzzling
pattern of a U shape in profits and an inverse U shape in o emphasized
by Karabarbounis and Neiman (2019). However, we find it interesting
that the U shape is significantly less strong with our estimation strategy
than if one follows the macro-with-markups strategy. Karabarbounis
and Neiman (2019) note that the strong negative correlation between
the interest rate and the capital share, and the strong positive correlation
between the interest rate and the profit share, are suggestive of measure-
ment problems in the cost of capital. Figure 9 shows the capital share and
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Figure 9. The Capital Share and the Pure Profit Share: Baseline versus
“Macro-with-Markups”Approach, 1951-2011?
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a. This figure presents the distribution of income, using the parameters estimated at each point in time,
for both the “macro-with-markups” and macrofinance (baseline) estimations. The top panel shows the
true capital share, and the bottom panel shows the profit share; the dashed lines correspond to the macro
estimation, and the solid lines to the macrofinance (baseline) estimation.

the pure profit share implied by the two estimations. There is clearly less
volatility for the macroeconomic and finance estimates

Figure 10 presents the MPK—RF spread and its three subcomponents:
economic and physical depreciation, rents, and risk. The spread falls in
the 1970s before rising in the 1980s. The depreciation component moves,
if anything, in the opposite direction from the spread, and hence does not
help explain its movements. Rents are estimated to fall and then rise, and
so is risk. The empirical success here is that the risk premium—which is
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Figure 10. Decomposition of the Spread MPK—RF, 1951-2011¢
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Source: Authors’ calculations.

a. This figure presents the model-implied spread between the average product of capital and the
risk-free rate, and the three components that explain this wedge—depreciation, rents, and risk—using the
parameters estimated for each year using the rolling windows moments.

estimated without looking at the MPK, but rather by single-mindedly
observing the PD ratio and growth rates—helps explain some of this
variation.

Figure 11 again compares these results with those obtained with the
more standard macroeconomic estimation. Both estimation approaches
infer the same depreciation component. The macro approach attributes
none of the spread to risk by construction, and hence infers a large and
highly volatile rent (or profit) component. Finally, figure 12 depicts the
implied risk-free rate, expected equity return, and equity risk premium.
The risk-free rate exactly matches our data target, by construction. The
equity premium mimics the evolution of p depicted in figure 6.

VI. Extensions and Robustness

This section presents some extensions of our baseline framework. We first
discuss the interpretation of rising risk premia and alternative approaches
to modeling them. We next analyze how financial leverage, the IES, alter-
native interest rates that adjust for liquidity or term premia, and capital



192 Brookings Papers on Economic Activity, Fall 2018

Figure 11. Rents and Risk Premium Components of the Spread Between the Marginal
Product of Capital and the Risk-Free Rate, 1951-2021°

Percent
Rent component Risk component
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Source: Authors’ calculations.

a. This figure presents the three components of the model-implied spread between the marginal product of
capital and the risk-free rate, for both the baseline (macrofinance) calibration and the macroeconomic
calibration. The left panel shows the rent (profit) component and the right panel shows the risk component.

mismeasurement affect our results. Finally, we present an example to
evaluate the importance of transitional dynamics.

VI.A. Interpretation of Rising Risk Premia

Our baseline results are obtained using a parameterization of 7 as a rare
“disaster” corresponding to a permanent decline of 15 percent in the level
of GDP. Our estimates suggest that the risk of such a large shock was low
in the 1990s but rose gradually in the 2000s and 2010s. Part of this increase
may be attributed to a recognition after 2008 that financial crises are recur-
rent events that affect even developed economies.? But part of this increase
occurs before the financial crisis. One interpretation is that this increase

24. Kozlowski, Veldkamp, and Venkateswaran (2018) offer a quantitative theory along
these lines.
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Figure 12. Risk-Free Rate, Expected Equity Return, and Equity Risk Premium,
1951-2011°

Percent

Expected equity return

Equity risk premium

Risk-free rate
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Source: Authors’ calculations.
a. By construction, the risk-free rate matches the data.

corresponds to a higher perception of risk starting in the late 1990s and
early 2000s, owing to the combination of the Asian financial crisis, the
Long-Term Capital Management crisis, and the 2001 crash in the United
States. We must acknowledge, however, that it is not straightforward to
relate our estimate of the probability of a “disaster” to data on beliefs
or other asset prices.” This leads us to study alternative risk modeling in
this section. For instance, the aging of developed economies, or the desire
of emerging markets to accumulate safe reserves, might be interpreted
in a reduced form as higher effective risk aversion. Alternatively, one
may interpret the time-varying risk premium as reflecting time-varying
pessimism—that is, a “behavorial” interpretation.

As explained in subsection IV.B, the precise specification of the risk
model is theoretically irrelevant for some conclusions, such as the value
of markups [ or the Cobb-Douglas parameter o, or the estimated equity
premium, ERP. We now illustrate that even for the objects where this
specification is potentially relevant, it may not be quantitatively first-order.

25. The issues also arise when studying the 1960s and 1970s, where our model says the
risk of disaster was larger. The 1970s were a volatile decade, so it is perhaps not surprising
that the perceived tail risk was high.
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Table 7. Parameter Estimates for Different Risk Assumptions®

Assumption B Risk b 0 c
Baseline 1984-2000 0.961 0.034 0.163 12 05
2001-16 0.972 0.065 0.163 12 05
Baseline with drift 1984-2000 0.960 0.038 0.163 12 05
2001-16 0971 0.071 0.163 12 0.5
Baseline with no offset 1984-2000 0.962 0.034 0.163 12 0.5
2001-16 0.974 0.066 0.163 12 0.5
Lognormal 1984-2000 0.962 0.050 0.163 12 0.5
2001-16 0.974 0.065 0.163 12 05
Time-varying disaster size 1984-2000 0960 0.020 0.192 12 0.5
2001-16 0.970 0.020 0.229 12 05

Time-varying risk aversion 1984-2000 0960 0.020 0.163 15316 0.5
2001-16 0970  0.020 0.163 19.560 0.5

IES =1 1984-2000 0966  0.034  0.163 12 1
2001-16 0970 0.065 0.163 12 1
IES=0.5 19842000 0976  0.034  0.163 12 2
2001-16 0965 0.065 0.163 12 2

Source: Authors’ calculations.

a. IES = intertemporal elasticity of substitution. This table reports the estimated parameters in each of
the two subsamples 1984-2000 and 2001-16 in the baseline model and in some variants: disaster risk
with certain small offsets rather than rare windfalls; disaster risk without offset; lognormal risk; time-
varying risk aversion; time-varying disaster size; IES = 1; and IES =0.5.

Table 7 presents estimates of parameters in the first and second samples under
different assumptions. The table’s first row presents the baseline model.
The second and third rows present alternative disaster models where, rather
than a “bonanza” to offset the disaster risk, we introduce a small positive
drift (the second row) or simply do not offset the disaster (the third row).
The results are nearly identical. The fourth row considers a log-normal pro-
cess for y rather than a rare disaster. That model requires a large, and rising,
standard deviation G, of the lognormal shock to account for the data; but
as we will see, it behaves quite similarly overall. The fifth and sixth rows
display estimates when the disaster size b (respectively, risk aversion 0),
rather than the disaster probability, is allowed to vary. Unsurprisingly, these
models require rising disaster size or risk aversion to account for the data.®
But all these models generate the same perfect fit of the data moments.
Finally, the seventh and eighth rows present estimates of the baseline model
when the IES is set to unity or 0.5 rather than 2; we discuss these below.
Table 8 presents the “causal” decomposition along the lines of tables 3
and 4; that is, they show the effect of the changes in [, the risk parameter

26. The estimated rising risk aversion could reflect wealth reallocation between agents of
different risk aversion as studied, for instance, by Barro and others (2016) and Hall (2017).
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used in the variant (p, 6, b, or G,), or the other parameters (all grouped
together for simplicity) on some model moments. We know already that
the implications for o, [, and so on are unchanged; so we focus here on
three key financial variables: the risk-free rate, the price-dividend ratio,
and Tobin’s Q. The table shows that across a range of specifications
the decline of the risk-free rate is driven in significant parts by B and by the
risk parameter —the probability of disaster, or the risk aversion or disaster
size, regardless of the exact specification. Similarly, the increase in the
price-dividend ratio and in Tobin’s Q is the result of offsetting effects of
the decline of B, the increase of the risk factor, and the decline of growth
factors (“others”). Hence, our results are insensitive to the exact way risk
is modeled.

VI.B. Leverage

Our model calculations assume an all-equity-financed firm. In reality,
corporations are leveraged, which in particular may affect the price-
dividend ratio, which we use as an input in our estimation strategy.
In this subsection, we propose a simple approach to bound the effect
of leverage. To take this into account, we assume a Modigliani-Miller
world where corporate leverage has no effect on real quantities, and
only affects prices and dividends. We assume that corporate debt is fully
risk-free. We then adjust the price-dividend ratio of the model given an
exogenous leverage decision, which we take directly from the data.”” We
then reestimate the model and obtain the results shown in the third set of
columns in tables 9 and 10.%®

Qualitatively, the findings are quite similar to those of the model
without leverage: B, U, and p all go up, and are important contributors
to the observed changes in the risk-free rate, profitabilit , and the price-
dividend ratio. However, the role of risk is somewhat smaller than in
our baseline version. The logic is clear from the Gordon formula: With
leverage, the change in r* required to account for the change in valu-
ation ratio is smaller. (Going in the other direction, however, is that in

27. Specificall , we use S&P 500 data and define leverage as short-term debt plus long-
term debt less cash, divided by market value of equity; see the online appendix.

28. As an alternative approach, one can adjust the r* from the model directly to
account for leverage, noting that the r* identified by the model from the PD ratio is actually
(1 + w)r* — or/ where o is the observed debt-equity ratio. This approach yields nearly identi-
cal results to the one where we adjust the PD ratio directly.



*(VV) 19811) 91R1 1SAID)UI JUAIJ IP B YIIM PIJBLINISS [9POUL Y} UI PUB ‘dFRISAI[ [BIOUBULY Y)IM [OPOW Y} UI C°() = SH[ YIIM [opow
Q) UI {[opOwW JUIASEq Y} UI ‘9]—100Z PUB 000T—86T ‘So[duwesqns om) ay) Jo Yora JO san[eA J[qeLIeA pajewnsa ay) spodar 9[qes siy, “uonmnsqns jo Ajonsee erodwalour = SHJ €

‘SUONE[NO[ED SIOYINY :90IN0S

LOS" -
€9 0~
98¢0~
6900~
0000~
SO0
6000
L90°0
8000

8¢8°09
LCI'1
41081
101" 1
eveo
evee
1900
oIl
¢L6'0

PreC9
69L'1
86C |
[LT°]
Yo
8LL'T
¢s00
6L01
£€96'0

LOS" 1~
€9 0~
98T 0~
6900~
0000~
SO0
€00
L90°0
cloo

8¢8°09
LTT'1
[4L0n!
1011
eveo
€Vee
£¥0°0
oIl
696'0

PyeC9
69L'1
86C |
ILT'1
Yo
8LL'C
c1o0
6L01
LS6'0

LOS I~
€790~
80~
6900~
0100—
SO0
€00
¥80°0
71070

8¢8°09 ¥rET9 LOS T~ 8¢8°09 €79 N
LTI1 69L'1 €790~ LTI'1 69L'1 g
960'T 8LET 9870~ 10T 86T 1 %
1011 ILT'T 6900~ 1011 ILT'T 8
Y120 ¥2T0 0000~ €0 v 0 0
hTe 8LLT Sor'0 hTe 8LLT Q
rr0°0 1200 1£0°0 $90°0 $€0°0 d
161°1 901°1 L90°0 91l 6L0°1 m
7860 896'0 110°0- $96°0 9L6°0 g

aoud12ffid  91-100 000861

aoua12ffid 911007 000861 22ua42[iq

91-1007 000861 22ua12[i@  9I-100T 000T~#861 4212UDI]

2104 22.4f-YS14 SO winiwaad ui1d)
d0f paisnlpp £imsvaL] 4vak-0 [

21D 22.4[-YS14 SD 21D VY

28p.42427] ¢0=S4q1I

.SSauISNqoy :sajdwesqns om] 3y} 1oy sajewsy 1ajauieied *6 Iqel



198 Brookings Papers on Economic Activity, Fall 2018

Table 10. Model Implications: Robustness®

IES=0.5 Leverage
Moment 1984-2000 2001-16 Difference 1984-2000 2001-16 Difference
A. MPK-RF spread
Total spread 11.22 15.24 4.02 11.22 15.24 4.02
Depreciation 4.55 437 -0.18 4.55 4.37 -0.18
Market power 3.39 5.55 2.17 447 6.99 2.52
Risk premium 3.15 5.23 2.08 2.08 3.81 1.73
B. Rates of return
Equity return 5.85 490 -0.96 5.77 4.84 -0.93
Equity premium 3.07 5.25 2.18 299 5.19 2.20
Risk-free rate 2.79 -0.35 -3.14 2.79 -0.35 -3.14
C. Valuation ratios
Price-dividend 42.34 50.11 7.78 NA NA NA
Price-earnings 17.85 25.79 7.94 NA NA NA
Tobin’s Q 2.50 3.84 1.34 NA NA NA
D. Income shares
Share of labor 70.11 66.01 -4.10 70.11 66.01 -4.10
Share of capital 22.59 21.24 -1.35 20.26 17.96 -2.30
Share of profi 7.30 12.76 5.46 9.62 16.03 6.40
E. Macroeconomy
K1Y 2.13 2.28 0.15 2.13 2.28 0.15
104 17.28 16.50 -0.78 17.28 16.50 -0.78
Detrend Y (% change) — — -0.30 — — -1.88
Detrend I (% change) — — -4.95 — — -6.52

Source: Authors’ calculations.

a. IES = intertemporal elasticity of substitution; MPK = marginal product of capital; RF = risk-free
rate; TP = term premium. This table reports some moments of interest calculated in the baseline model,
in the model with IES = 0.5, in the model with financial leverage, and in the model estimated with a
different interest rate target (AA), using the estimated parameter values for each of the two subsamples,
1984-2000 and 2001-2016, as well as the change between samples.

our data, aggregate leverage declines from the first sample to the second
one.) In particular for the spread decomposition MPK—RF in table 10,
the share of the spread due to risk is smaller (about 2.1 and 3.8 percent-
age points in the first and second samples, respectively). However, the
share of the increase in the spread due to risk remains substantial. More-
over, in terms of the implied equity premium, the increase is actually
similar, because leverage now amplifies the variation in r*. These results
are conservative, because we have assumed that corporate debt pays
the same return as the risk-free asset; in reality, corporate debt yields
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10-year Treasury adjusted for term
AA rate as risk-free rate premium as risk-free rate

1984-2000  2001-16 Difference  1984-2000 2001-16 Difference

9.32 13.80 448 12.49 14.98 249
4.55 4.37 -0.18 4.55 4.37 -0.18
3.39 5.55 2.17 3.39 5.55 2.17
1.25 3.79 2.54 442 497 0.55
5.88 4.84 -1.05 5.87 4.88 -0.99
1.19 3.75 2.56 4.35 497 0.62
4.69 1.09 -3.60 1.52 -0.09 —-1.61
42.34 50.11 7.78 42.34 50.11 7.78
17.85 25.79 7.94 17.85 25.79 7.94
2.50 3.84 1.34 2.50 3.84 1.34
70.11 66.01 —4.10 70.11 66.01 —4.10
22.59 21.24 -1.35 22.59 21.24 -1.35
7.30 12.76 5.46 7.30 12.76 546
2.13 228 0.15 2.13 228 0.15
17.28 16.50 -0.78 17.28 16.50 -0.78
— — -0.30 — — -0.30
— — -4.95 — — -4.95

are higher than Treasury securities yields, which would reduce the adjust-
ment to the PD ratio.

VI.C. The Intertemporal Elasticity of Substitution

We have assumed an IES equal to 2 in our baseline estimation. The
IES cannot be identified, given that the model generates iid growth rates
for all macroeconomic variables. As noted above, the assumed value for
the IES does not affect estimates of o, W, r*, or the equity premium. This
can be verified in tables 9 and 10, where we present parameter estimates
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for an elasticity equal to 0.5. Our conclusions that risk and market power
increased are hence completely unaffected by this assumption. However,
changing the IES does affect the counterfactual decompositions studied
above; for instance, the effect of an increase in risk on capital accumulation
depends on the assumed IES.

Table 8 presents decompositions for three financial variables, and sec-
tion 3 of the online appendix provides the decompositions of all variables.
With a low IES, the effect of the decline of growth in accounting for the
decline of the risk-free rate is larger. The model hence does not require
an increase in B—rather, (3 falls. The change of the risk-free rate due to
uncertainty is now larger. In this sense, a lower IES gives a larger role for
risk. The low IES implies very different decompositions of the changes in
the PD ratio. As emphasized by Ravi Bansal and Amir Yaron (2004), with
a low IES, higher risk and lower growth both raise the PD ratio because of
their strong effect on the risk-free rate.

VI.D. Liquidity and Term Premia

As a risk-free rate proxy in the data, we use the 1-year Treasury rate
(minus lagged core inflation). One concern is that our model abstracts
from the liquidity premium, which makes this rate especially low. To
gauge the role of the liquidity premium, we instead use as a risk-free
rate proxy the rate on AA corporate bonds, minus the SPF median
Consumer Price Index inflation over the next 10 years. This is a rate
for securities that do not possess the same unique liquidity attributes
as a U.S. Treasury security. We then repeat our estimation. Tables 9
and 10 show the results. Given the identification provided by the model,
changing the risk-free rate does not affect o, |, or r*. However, the dif-
ferent risk-free rate target will affect the value of B and the amount of
risk identified by the model, and their respective changes. Indeed, we see
that both the estimated 3 and the estimated p are lower than in our base-
line model; but crucially, our model still estimates that § and p increased
significantly between the two samples. Our conclusion about the relative
importance of risk and markups is also not affected by this change in
target, suggesting that liquidity considerations do not play a very large
role in these trends.

A related concern is that long-term rates reflect term premia that may
be driven by an inflation or real rate premium which is not present in the
model. We hence consider as a target for the risk-free rate the 10-year
Treasury constant maturity rate, less SPF-expected inflation, less the term
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premium estimate made by Tobias Adrian, Richard Crump, and Emanuel
Moench (2013), which they obtained from a statistical term structure model.
Because the term premia estimate declines strongly during this period, the
decline in this measure of the risk-free rate is only about 1.5 points rather
than over 3 points. The resulting estimates imply a smaller increase in
macroeconomic risk. Moreover, the spread MPK—RF is also increasing by
a smaller amount, and the contribution of risk premia is smaller there as
well. We view these results as somewhat less plausible because the decline
of the term premium implied by this model is very large—we are unaware
of macroeconomic models that can rationalize this. Also, to the extent that
the decline of the term premium is related to macroeconomic risk, it may
not be sound to adjust for it.

VI.E. Capital Mismeasurement

One natural explanation for the rising spread MPK—RF is that K is
mismeasured, and in particular is underestimated by the U.S. Bureau
of Economic Analysis (BEA) analysts, who traditionally focus on tan-
gible assets. To get a sense of how much mismeasurement of capital
matters, we present a simple approach in this subsection. In section 4
of the online appendix, we then estimate a more detailed model of
intangible accumulation. We are interested in two questions: First, can
a plausible amount of mismeasurement explain the rising spread? Sec-
ond, is this mismeasurement also consistent with the other observed
features of the data?

In this section, we simply assume that the BEA measures only a frac-
tion, A, of total investment. When A = 1, there is no mismeasurement,
corresponding to our baseline model. When A < 1, however, this mismea-
surement of investment affects our targeted moments, and hence possibly
our parameter estimates. We denote with a superscript m the measured
values of the model variables.® Measured investment is x” = Ax, and
hence along the balanced growth path k" = Ak. Moreover, GDP and the
profit share are now underestimated, because the unmeasured investment
(1 — A)x is treated as an intermediate input by BEA accountants. As a

29. We do the algebra for detrended variables, but one can obviously also apply the same
adjustments to the level variables.
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result, measured GDP is y" =y — (1 — A)x. Measured profits equal mea-
sured GDP, less labor compensation, or " =1t — (1 — A)x. The profit share
is hence underestimated as

o n—(1-Mx .
yoy=(1-Mx y

However, dividends are correctly measured because the unmeasured
investment reduces both profits and investment: d =t — x = ©" — x™. Hence,
the asset price is unaffected by measurement error (even if investors do not
observe intangible investment).

It is easy to extend our formula 27 for the spread:
pu—1 1-Ad

(r*+0+g,)+r*—r, + ———

29 MPK —r,=0+g,+
(29) f 8o -

and we see that mismeasurement (A < 1) now adds an additional compo-
nent to the measured spread, which is consistent with basic intuition.
How important is this mismeasurement wedge? First, note that the

.o d d .
measured ratio — = k— can be calculated as the difference between

Ak
profitability and the investment rate, and hence equals about 6 per-
cent in the first sample and 7.5 percent in the second sample. Hence,
with A = 0.8, or a 20 percent undermeasurement, the wedge is about
1.2-1.5 points, which is significant. Our focus, however, is on the
increase in the spread. To explain this increase requires a rising mismea-
surement. Though there is wide agreement that intangibles play a criti-
cal role in modern economies, it is not as clear if mismeasurement has
increased over the past few decades. Suppose however, that one wanted
to generate an increase in the spread by 2 percentage points (or about
half the increase in the spread observed during our sample, and about the
same as what is explained by risk premia or markups according to our
baseline results), the model requires A to go, for instance, from 1 (perfect
measurement) to A = 0.73, a 27 percent underestimation of investment.
This rising mismeasurement would reduce measured GDP by about
4 .4 percent, and the profit share by about 4 percentage points.*® One

30. This calculation is based on the formulas of the previous page, y" =y — (1 — A)x
and " =t — (1 — A)x, assuming a measured investment-output ratio equal to 0.17, as in
our data.
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tension, hence, is that rising intangibles lead to a measured labor share
going up rather than down, as in the data.

To evaluate more precisely how this mismeasurement affects our results,
we estimate three versions of our baseline model corresponding to different
assumptions about mismeasurement. In the first version, mismeasurement
is constant at 10 percent in both samples (A = 0.9). In the second version,
mismeasurement starts at 10 percent in the first subsample and then rises
to 20 percent in the second subsample. In the third version, mismeasure-
ment starts at 10 percent and then rises to 30 percent. These numbers are
largely illustrative; note, however, that the share in capital of measured
“intangibles” —that is, intellectual property products—is about 6 percent
recently.’’ We are hence assuming that the unmeasured stock of intangible
capital is significantly larger than the current measured stock, and has been
rising significantly over the past 15 years

Table 11 reports the parameter estimates, and table 12 reports the
implied moments corresponding to different scenarios. There are a few
interesting results. First, all parameters are completely unaffected, except
for u and o. In particular, the increase in B and in risk are not affected by
these assumptions. Second, when mismeasurement is constant at 10 percent,
the model has similar implications to our baseline model (the level of
o is higher and the level of u lower, but the changes between two sub-
samples are nearly identical). Third, the estimated increase in markup
is smaller when there is an increase in mismeasurement. For instance,
with a mismeasurement rising to 30 percent of capital, the markup rises
by only about 4.1 points instead of 6.6 points when mismeasurement is
constant and 6.7 points in the baseline model. This is intuitively con-
sistent with the simple formula 29: With more mismeasurement, there is
less of a gap between the MPK and the risk-free rate to explain. The other
implication is that the estimated o rises. This is because the labor share
rises with mismeasurement; to offset this, the model needs an increase in
capital-biased technical change—that is, o.

Overall, in our most generous calibration, the rising mismeasurement
explains about a 1.65-point increase in the wedge, the markup now only
0.47 point, and the risk premium 2.08 points. Of course, the magnitude
of the mismeasurement is difficult to ascertain. But it is interesting that

31. This number is obtained by dividing line 7 by line 3 in table 1.1 of the Fixed Asset
Accounts of the United States.
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incorporating realistic mismeasurement would reduce further the implied
markup, while leaving the role of risk unaffected.

VI.F. Transitional Dynamics

Our calculations so far assume that the economy remains along its “risky
balanced growth path.” However, if the model parameters such as the dis-
count factor or markup change, the economy will experience a transition
before it reaches its new balanced growth path. This transition may affect
our estimation results.

To evaluate the importance of this bias, we estimated the model,
taking into account the transitional dynamics. Specificall , we make
the following assumptions. We use the baseline version of the model
and assume that the economy starts in 1992 in balanced growth with
the parameters that we estimate over the first sample.’> We then assume
that the nine parameters change linearly over 24 years (to end in 2016),
from the value we estimated in the first sample to a final value that we
will estimate (and that may not be our estimate for the second sample).

We then calculate the transitional dynamics for this economy using
a standard shooting method. A key issue is agents’ expectations. With
perfect foresight, the model cannot fit the data, because agents see
the lower interest rates coming, which leads to a boom in the price-
dividend ratio. (Furthermore, the long-term interest rate would fall
significantly more than the short-term rate, unlike what we see in the
data.) We hence assume myopic expectations: In each period, agents
observe the new values of the parameters, and they assume (incorrectly,
at least for the first 24 years) that these parameters will remain constant
forever.*

We then numerically find the final parameters such that, when cal-
culating the transition, this procedure yields an average time series for
our targets (over the period 2001-16) that matches what we measured in

32. We use 1992 to take into account that these parameters are estimated over the period
1984-2000.

33. Agents consequently make investment choices that would, eventually, lead to con-
verge to a new steady state corresponding to today’s parameter values. However, the next
period, new parameter values (unexpectedly) arrive, leading to new choices and a revised
transition path. This process continues until the parameters are indeed constant, and the
economy then converges to its final steady state
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Table 12. Implications: Baseline versus Capital Mismeasurement?

Baseline Constant bias: 10 percent
Moment 1984-2000 2001-16 Difference 1984-2000 2001-16 Difference
A. MPK-RF spread
Total spread 11.22 15.24 4.02 11.22 15.24 4.02
Depreciation 4.55 4.37 -0.18 4.55 4.37 -0.18
Market power 3.39 5.55 2.17 2.80 4.79 1.99
Risk premium 3.15 5.23 2.08 3.15 5.23 2.08
Mismeasurement 0.13 0.09 -0.05 0.72 0.85 0.13
B. Rates of return
Equity return 5.85 4.90 -0.96 5.85 4.90 -0.96
Equity premium 3.07 5.25 2.18 3.07 5.25 2.18
Risk-free rate 2.79 -0.35 -3.14 2.79 -0.35 -3.14
C. Valuation ratios
Price-dividend 42.34 50.11 7.78 42.34 50.11 7.78
Price-earnings 17.85 25.79 7.94 17.85 25.79 7.94
Tobin’s O 2.50 3.84 1.34 2.50 3.84 1.34
D. Income shares
Share of labor 70.11 66.01 -4.10 68.79 64.82 -3.97
Share of capital 22.59 21.24 -1.35 24.63 23.17 -1.46
Share of profi 7.30 12.76 546 6.58 12.01 543
E. Macroeconomy
K1Y 2.13 2.28 0.15 2.13 2.28 0.15
104 17.28 16.50 -0.78 17.28 16.50 -0.78
Detrend Y — — -0.30 — — 0.05
(% change)
Detrend / — — -4.95 — — —4.60

(% change)

Source: Authors’ calculations.

a. MPK = marginal product of capital; RF = risk-free rate. This table reports some moments of inter-
est calculated in the baseline model and in the model with mismeasured capital, for different values of
the mismeasurement parameters, using the estimated parameter values for each of the two subsamples,
1984-2000 and 2001-16, as well as the change between samples.

the data. Figure 13 presents the path obtained for parameter values, and
figure 14 shows the path for the moments targeted (we abstract here from
parameters that map directly into moments). The dashed lines in these
tables represent the parameters and moments from the baseline estima-
tion for the two samples. Table 13 presents the numerical counterpart to
these graphs.

As can be eyeballed in figure 14, the model moments, averaged over
periods 13-25 (corresponding to the second sample), match reasonably well
the targeted moments for the second sample (the darker line). The more
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Rising bias: 10-20 percent

Rising bias: 10-30 percent

1984-2000 2001-16 Difference

1984-2000 2001-16 Difference

11.22
4.55
2.80
3.15
0.72

5.85
3.07
2.79

42.34
17.85
2.50

68.79
24.63
6.58

2.13
17.28

15.24
4.37
4.03
5.23
1.61

4.90
5.25
-0.35

50.11
25.79
3.84

63.39
25.49
11.11

2.28
16.50

4.02
-0.18
1.23
2.08
0.89

-0.96
2.18
-3.14

7.78
7.94
1.34

-5.40
0.87
453

0.15
-0.78
5.74

11.22
4.55
2.80
3.15
0.72

5.85
3.07
2.79

42.34
17.85
2.50

68.79
24.63
6.58

2.13
17.28

15.24
4.37
3.27
523
2.37

4.90
525
-0.35

50.11
25.79
3.84

61.65
28.33
10.02

2.28
16.50

4.02
-0.18
0.47
2.08
1.65

-0.96
2.18
-3.14

7.78
7.94
1.34

~7.14
3.71
3.44

0.15
-0.78
13.60

8.95
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surprising result is in figure 13, where we see that the parameter values
estimated in this way are quite similar to these obtained in the simple
baseline model, which assumes balanced growth. To see this, note that
the full line, averaged over periods 13-25, is economically quite similar
to the darker line (results from the baseline model). The one exception
is 8, which now falls slightly instead of rising. Table 13 shows the same
result: Comparing the third and fourth columns, the estimated parameters
are quite similar, except for 8. We view these results as suggesting that, at
least in the myopic case, perhaps not much is lost by focusing on the risky
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Figure 13. Estimated Path for the Parameters®
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Source: Authors’ calculations.
a. This figure plots the estimated path for the parameters using the transitional dynamics method. The
dashed lines denote the values estimated in the baseline approach in the first and second samples.

balanced growth path. This conclusion might not hold true for all models,
however—in particular, with intangibles, if there is significant accumula-
tion during the transition.

VII. Other Evidence on Market Power, Risk Premia,
and Intangibles

Our empirical results show that rising risk premia and rising market
power appear to be two of the significant drivers of some of the macro-
economic and finance trends on which we focus, and intangibles have a
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Figure 14. Fitted Path for the Targeted Moments®
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a. This figure plots the estimated path for the target moments using the transitional dynamics method.
The dashed lines denote the values targeted in the baseline approach.
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Table 13. Average Parameter Estimates and Moments: Transitional Dynamics?

1984-2000 2001-16
Variable Baseline Transition Baseline Transition
Moments
I1 14.012 14.426 14.890 14.890
K
I1 29.887 31.194 33.992 33.991
Y
RF 2.787 1.785 -0.350 -0.350
PD 42.336 45451 50.115 50.115
1 8.103 7.932 7.227 7.227
K
Estimated parameters
o 0.244 0.242 0.243 0.238
n 1.079 1.102 1.146 1.154
B 0.961 0.964 0.972 0.971
p 0.034 0.046 0.065 0.073
5 2.778 2.642 3.243 2.334

Source: Authors’ calculations.

a. This table reports the average value of the targeted moments and the average values of the estimated
parameters over the first and second samples using the transitional dynamics method. The final parameter
values are chosen such that the average values of the moments match the targeted moments in the second
sample. See the text for details.

potential contribution as well. In this section, we step outside the model
and present independent evidence for these two phenomena. We also
discuss related estimates presented by other researchers, which tend to
support our conclusions.

VII.A. Empirical Estimates of the Equity Risk Premium

We first present reduced-form estimates of the equity premium. Esti-
mating the equity premium is notoriously difficult, even retrospectively.
Using realized excess equity returns is essentially pointless over short-term
samples, because returns are noisy, and because an increase in the risk
premium may lead, by itself, to lower realized returns.** But methods that
use standard forecasting return regressions have also been found to be very

34. For instance, suppose a researcher has a sample of 16 years (as we do) and that the
excess equity return has a mean of 8 percent with a volatility of 16 percent. The 95 percent
confidence interval for the mean excess equity return is [0%, 16%]. It is clearly impossible
to detect a change of the equity premium of even several percentage points based solely on
realized returns.
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unstable; Ivo Welch and Amit Goyal (2008) argue that none of them out-
performs the simple mean out of sample. Here, we follow a few approaches
that have been shown to be somewhat more successful empirically.

Our first approach is simply to use the static Gordon growth formula,
which states that the price-dividend ratio is the inverse of the difference
between the return on the asset and the dividend growth rate:

P 1
D R-G

where R is the expected equity return, which can be decomposed into
R = RF + EP, with RF risk-free and EP the equity premium, and G the
growth rate of dividends. This approach can be used at any point in time,
given the observed PD and RF and given an assumption about G. The main
difference with our structural estimation above is that here we use data on
dividends.

Our second approach builds on the research of Eugene Fama and
Kenneth French (2002), who argue that, if the dividend yield or earnings yield
is stationary, as each one ought to be, one can advantageously estimate the

1+1

P D, . .
mean of 7 by —= by (which are less volatile). As a result, they

D E

1 t t

suggest estimating

D D,
ERP = E| == |+ E| == | - E(RF),
P D

t t

which amounts to the Gordon growth formula, or replacing dividend
growth with earnings growth,

ERP = E| 2ot |4 g Bt |- E(RF).
P E

1 1

This approach is best thought of as applying to a long-sample average.

Our third approach follows that of John Campbell (2008) and Campbell
and Samuel Thompson (2008), who show how combining the current divi-
dend yield and the return on book equity can be used to create a real-time
estimate of the equity premium:

ERP=2£+ 1—2 ROE
EP E
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and where they suggest smoothing the payout ratio D , earnings-price
E
ratio % , and the return on book equity ROE to reduce the effect of

influential but transitory observations

These formulas can be applied either using arithmetic averages or using
geometric averages. We report both in table 14, though we like Campbell
and Thompson’s recommendation to use the geometric averages. We then
incorporate an adjustment of half the variance of stock returns to produce
an estimate of the arithmetic equity premium.

The key observation from table 14 is that, though the estimates of the
equity premium are clearly different across models and methods, most
calculations suggest that the ERP increased from the first sample to the
second sample. Specificall , all nine estimates are positive, ranging from
about 1.8 percent to 7.2 percent. This reflects the fact that valuation ratios
increased moderately, while earnings or dividend growth increased more
significantl , and the risk-free rate fell. (For this exercise, we take the
risk-free rate to be the 10-year Treasury yield minus SPF inflation expec-
tations over the next 10 years.)

Figure 15 graphically presents estimates of the equity risk premium
for each of the three approaches, obtained over centered 11-year rolling
windows. We smooth the estimates using a 3-year moving average. Here,
too, the exact numbers vary quite a bit across models, but all models sug-
gest some increase over the past 15 years or so. (A particular difficult
is how one deals with the very low corporate earnings in 2008 or 2009,
which affect the Fama-French Earnings Model significantl , leading to
the extreme arithmetic implication in the middle panel.)

VII.B. Other Measures of Changes in Risk Premia

We now discuss other evidence on the changes in the risk premium.
Fernando Duarte and Carlo Rosa (2015) provide an exhaustive survey of
the different methods that can be used to estimate the equity premium in
real time. They distinguish between different methods based on variants
of the Gordon Growth Model, on predictive regressions, and on cross-
sectional regressions. Overall, the conclusion is that the equity premium
has risen, in line with our findings * Campbell and Thompson (2008)

35. An earlier body of literature documented a decline of the equity premium during the
1980s and 1990s (Blanchard 1993; Jagannathan and McGrattan 2000; Heaton and Lucas
1999; Lettau and Ludvigson 2007), which is not inconsistent with our results.
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Figure 15. Reduced-Form Estimates of the Equity Risk Premium, 1989-2011°
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Source: Authors’ calculations.

a. This figure depicts some reduced-form estimates of the equity risk premium. The left panel shows
the Gordon growth model; the middle panel shows the Fama-French earnings model; and the right panel
shows estimates from the Campbell-Thompson method. The dotted line = arithmetic average; the
long-dashed line = geometric; and the short-dashed line = geometric + variance adjustment.

propose a method to estimate the equity premium in real time. Their esti-
mate also shows a small increase after 2000. Using a very different meth-
odology, based on a maximum-likelihood estimation of a structural model,
Efstathios Avdis and Jessica Wachter (2017) reach a fairly similar conclu-
sion. Another important contribution is Ian Martin (2017), who uses an
ingenious argument to provide, under a relatively weak condition, a lower
bound on the equity premium based on option data. His lower bound has a
very high correlation with the Chicago Board Options Exchange’s Volatil-
ity Index (VIX). The estimate is very elevated during the global financial
crisis, and remains at a higher level after the crisis. However, his lower
bound is quite low in the mid-2000s. If the lower bound has a constant bias
with the mean, then this series does not behave like the other estimates we
discussed above. However, it is possible that the bias between the lower
bound he finds and the true expected equity premium is time-varying.
Table 15 presents evidence on the evolution of some other measures of
risk: the Gilchrist—ZakrajSek (2012) spread, the standard BAA and AAA
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spreads, the VIX, and stock-market-realized volatility (calculated using
daily data). The table reports the mean in the two samples, as well as the
mean in the second sample excluding the period of the global financial
crisis. We see that all these credit spreads have increased between the two
samples, and this conclusion is true even excluding this period. Realized
volatility is also somewhat higher. The VIX exhibits little trend (but is only
available starting in 1996). These results are consistent with Del Negro
and others (2017), who show that the premia for safe and liquid assets
increased over time.*

VII.C. Independent Evidence on Rising Markups

A number of recent contributions, using different methods, have found
that average markups have been increasing. For example, Barkai (2016)
uses aggregate data and implements a user cost approach a la Robert Hall
and Dale Jorgenson (1967) to decompose the nonlabor share into a true
capital share and a profit share. The true capital share is computed by
multiplying the capital-output ratio by the user cost of capital. The profi
share is a residual. The aggregate markup can be directly inferred from
the profit share. Because his measure of user cost does not incorporate a
meaningful risk premium, Barkai finds that the evolutions of the user cost
track those of the interest rate, so the user cost declined substantially over
the period 1984-2014. This implies a large decrease in the capital share,
a large increase in the profit share, and a large increase in the aggregate
markup of about 20 percent, roughly in line with our macroeconomic
estimation.

Jan De Loecker and Jan Eeckhout (2016) use firm-level data and
estimate firm-level markups using a production function approach that
recovers markups as the ratio of the elasticity of production to a flexibl
input share of that input in revenues, where the former is computed by
estimating the production function. The aggregate markup, computed as
a harmonic sales-weighted average of firm-level markups, increases by
about 25 percent. James Traina (2018) criticizes the measure of costs
used by De Loecker and Eeckhout. Using a broader measure, he finds that
the increase in average markups is much smaller. German Gutiérrez and
Thomas Philippon (2017) also use firm-level data, but they estimate firm
level markups using a user cost approach allowing for sizable and vari-
able risk premia. They also find a sizable increase in aggregate markups

36. One caveat is that the underlying riskiness of the firms issuing corporate bonds may
have changed over time, even within credit ratings.
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of about 10 percent over the period 1984-2014, somewhat above our
baseline results.

VII.D. Rising Intangible Capital

There is a growing body of literature that recognizes the importance
of intangible capital in the U.S. economy. Carol Corrado, Charles Hulten,
and Daniel Sichel (2005, 2009) and Leonard Nakamura (2010) present
estimates of the size of intangible capital. Anmol Bhandari and Ellen
McGrattan (2017) also contribute to this measurement. Dongya Koh, Raiil
Santaeulalia-Llopis, and Yu Zheng (2015) argue that rising intangibles
help explain the evolution of the labor share. Nicolas Crouzet and Janice
Eberly (2018) argue that growing intangibles help explain both the rising
market power and lower capital investment. Andrea Caggese and Ander
Perez (2018) show how growing intangibles may help account for some of
the same macroeconomic trends on which we focus in this paper.

VIII. Conclusion

We provide a simple accounting framework that allows decomposing the
changes observed over the past 30 years in some key macroeconomic and
finance trends into “semistructural” parameters using a fairly clear iden-
tification. We say “semistructural” because, allowing these parameters to
vary over time flexibly suggests they are not microfounded and invariant
to policy. Yet we find the results useful because deeper explanations need
to be consistent with the changes of parameters implied by our approach.

We find that about half the increase in the spread between the return
on private capital and the risk-free rate is due to rising market power, and
half is due to rising risk premia. Technical change plays little role. Higher
savings supply and higher risk premia are the prime proximate contribu-
tors to the decline in the risk-free rate. Rising market power helps explain
the evolution of the capital share, profitabilit , and capital accumulation,
but its contribution is substantially overstated if the model is estimated
using a macroeconomic approach that abstracts from risk. Finally, tak-
ing into account intangibles reduces further the estimated increase in
market power.

One limitation of our approach is that we treat the parameter changes as
independent causal factors, but they might actually be driven by common
causes; for instance, higher market power might reduce innovation and
hence productivity growth, but we treat these as independent. Our analysis
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also does not incorporate some factors that could help explain the evolu-
tion of some of the big ratios that we study. In particular, we abstract from
taxes and from agency issues (for example, external finance or corporate
governance frictions) or market incompleteness, that could also give rise
to wedges that might vary over time. Our study of transitional dynamics is
only scratching at the vast possibilities. Finally, it would be interesting to
study these issues taking into account the specific open economy consider-
ations or at least to study these same facts for a variety of countries.

ACKNOWLEDGMENTS The views expressed here are those of the
authors and do not necessarily represent those of the Federal Reserve Bank
of Chicago or the Federal Reserve System. We thank participants for their
comments during presentations at the Fall 2018 Brookings Panel on Economic
Activity, the European Central Bank’s 2018 research conference, the Society
for Economics Dynamics’ 2017 annual meeting, the 2017 conference of the
Society for the Advancement of Economic Theory, the Centre for Economic
Policy Research’s 2018 conference on asset prices and the macroeconomy,
the National Bureau of Economic Research’s 2018 conference on capital mar-
kets and the economy, the 2018 financial research conference of the Federal
Reserve Bank of San Francisco, and presentations at the Federal Reserve Bank
of Chicago and Federal Reserve Bank of Minneapolis, and at the Hoover Insti-
tution’s conference in honor of John Cochrane. For their comments, we espe-
cially thank Stefania d’ Amico; Marco Bassetto; Robert Barsky; Gadi Barlevy;
Jeffrey Campbell; John Cochrane; Nicolas Crouzet; Lars Hansen; Monika
Piazzesi; Martin Schneider; Sam Schulhofer-Wohl; Venky Venkateswaran;
Frangois Velde; our discussants, Riccardo Colacito, Martin Lettau, Matthew
Rognlie, and Jaume Ventura; our Brookings discussants, Mark Gertler and
Dimitris Papanikolaou; and the Brookings Papers editors, Janice Eberly and
James Stock.



EMMANUEL FARHI and FRANCOIS GOURIO 219

References

Aaronson, Daniel, Luojia Hu, Arian Seifoddini, and Daniel G. Sullivan. 2014.
“Declining Labor Force Participation and Its Implications for Unemployment
and Employment Growth.” Economic Perspectives—Federal Reserve Bank of
Chicago 38, 4th quarter.

Acemoglu, Daron, and Pascual Restrepo. Forthcoming. “The Race Between Man
and Machine: The Implications of Technology for Growth, Factor Shares and
Employment.” American Economic Review.

Adrian, Tobias, Richard K. Crump, and Emanuel Moench. 2013. “Pricing the
Term Structure with Linear Regressions.” Journal of Financial Economics 110,
no. 1: 110-38.

Andrews, Isaiah, Matthew Gentzknow, and Jesse Shapiro. 2017. “Measuring the
Sensitivity of Parameter Estimates to Estimation Moments.” Quarterly Journal
of Economics 132,n0. 4.

Autor, David, David Dorn, Lawrence F. Katz, Christina Patterson, and John Van
Reenen. 2017. “The Fall of the Labor Share and the Rise of Superstar Firms.”
NBER Working Paper 23396. Cambridge, Mass.: National Bureau of Economic
Research. https://www.nber.org/papers/w23396.pdf.

Avdis, Efstathios, and Jessica A. Wachter. 2017. “Maximum Likelihood Esti-
mation of the Equity Premium.” Journal of Financial Economics 125, no. 3:
589-609.

Bansal, Ravi, and Amir Yaron. 2004. “Risks for the Long Run: A Potential Resolu-
tion of Asset Pricing Puzzles.” Journal of Finance 59, no. 4: 1481-1509.

Barkai, Simcha. 2016. “Declining Labor and Capital Shares.” Job Market Paper.
http://home.uchicago.edu/~barkai/doc/BarkaiDecliningLaborCapital .pdf.

Barro, Robert. 2006. “Rare Disasters and Asset Markets in the Twentieth Century.”
Quarterly Journal of Economics 121, no. 3: 823-66.

Barro, Robert, Jestis Fernandez-Villaverde, Oren Levintal, and Andrew Mollerus.
2016. “Safe Assets.” NBER Working Paper 20652. Cambridge, Mass.: National
Bureau of Economic Research.

Bernanke, Ben. “The Global Saving Glut and the U.S. Current Account Deficit.
Sandridge Lecture, delivered to Virginia Association of Economists. https://
www.federalreserve.gov/boarddocs/speeches/2005/200503102/.

Bhandari, Anmol, and Ellen R. McGrattan. 2018. “Sweat Equity in U.S. Private
Business.” NBER Working Paper 24520. Cambridge, Mass.: National Bureau
of Economic Research. https://www.nber.org/papers/w24520.

Blanchard, Olivier, 1993. “Movements in the Equity Premium.” Brookings Papers
on Economic Activity 24, no. 2: 75-138.

Caballero, Ricardo J., and Emmanuel Farhi. 2018. “The Safety Trap.” Review of
Economic Studies 85,n0. 1.

Caballero, Ricardo J., Emmanuel Farhi, and Pierre-Olivier Gourinchas. 2008. “An
Equilibrium Model of ‘Global Imbalances’ and Low Interest Rates.” American
Economic Review 98, no. 1: 358-93.



220 Brookings Papers on Economic Activity, Fall 2018

— ——.2017. “Rents, Technical Change, and Risk Premia Accounting for Secu-
lar Trends in Interest Rates, Returns on Capital, Earning Yields, and Factor
Shares.” American Economic Review 107, no. 5: 614-20.

Caggese, Andrea, and Ander Perez. 2018. “Capital Misallocation and Secular
Stagnation.” Pompeu Fabra University working paper.

Campbell, Jeffrey R., Jonas D. M. Fisher, Alejandro Justiniano, and Leo
Melosi. 2017. “Forward Guidance and Macroeconomic Outcomes Since the
Financial Crisis.” In NBER Macroeconomics Annual 2016, Volume 31,
edited by Martin Eichenbaum and Jonathan A. Parker. University of Chicago
Press.

Campbell, John. 2008. “Estimating the Equity Premium.” Canadian Journal of
Economics 41, no. 1: 1-21.

Campbell, John Y., and Samuel B. Thompson. 2008. “Predicting Excess Stock
Returns Out of Sample: Can Anything Beat the Historical Average?” Review of
Financial Studies 21,no0. 4: 1509-31.

Carvalho, Carlos, Andrea Ferrero, and Fernanda Nechio, 2016. “Demographics
and Real Interest Rates: Inspecting the Mechanism.” European Economic
Review 88: 208-26.

Corrado, Carol, Charles Hulten, and Daniel Sichel. 2005. “Measuring Capital and
Technology: An Expanded Framework.” In Measuring Capital in the New Econ-
omy, edited by Carol Corrado, John Haltiwanger, and Dan Sichel. University
of Chicago Press.

— ——.2009. “Intangible Capital and U.S. Economic Growth.” Review of Income
and Wealth 55, no. 3: 661-85.

Crouzet, Nicolas, and Janice Eberly. 2018. “Understanding Weak Capital Invest-
ment: The Role of Market Concentration and Intangibles.” In Economic Policy
Symposium Proceedings: Changing Market Structures and Implications for
Monetary Policy. Jackson Hole, Wyo.: Federal Reserve Bank of Kansas City.

De Loecker, Jan, and Jan Eeckhout. 2017. “The Rise of Market Power and the
Macroeconomic Implications.” NBER Working Paper 23687. Cambridge,
Mass.: National Bureau of Economic Research. https://www.nber.org/papers/
w23687.

Del Negro, Marco, Domenico Giannone, Marc Giannoni, and Andrea Tambalotti.
2017. “Safety, Liquidity, and the Natural Rate of Interest.” Brookings Papers on
Economic Activity, Spring: 235-94.

Duarte, Fernando, and Carlo Rosa. 2015. “The Equity Risk Premium: A Review
of Models.” Staff Report 714, Federal Reserve Bank of New York. https://
www.newyorkfed.org/medialibrary/media/research/staff_reports/sr714.pdf.

Eggertsson, Gauti B., Jacob A. Robbins, and Ella Getz Wold. “Kaldor and
Piketty’s Facts: The Rise of Monopoly Power in the United States.” NBER
Working Paper 24287. Cambridge, Mass.: National Bureau of Economic
Research. https://www.nber.org/papers/w24287.

Elsby, Michael W. L., Bart Hobijn, and Aysegiil Sahin. 2013. “The Decline of the
U.S. Labor Share.” Brookings Papers on Economic Activity, Fall: 1-63.



EMMANUEL FARHI and FRANCOIS GOURIO 221

Fama, Eugene F., and Kenneth R. French. 2002. “The Equity Premium.” Journal
of Finance 57,n0. 2: 637-59.

Fernald, John. 2015. “Productivity and Potential Output Before, During, and
After the Great Recession.” NBER Working Paper 20248. Cambridge, Mass.:
National Bureau of Economic Research.

Fisher, Jonas D. M. 2015. “On the Structural Interpretation of the Smets—Wouters
‘Risk Premium’ Shock.” Journal of Money, Credit and Banking 47, nos. 2-3:
511-16.

Gabaix, Xavier. 2011. “Disasterization: A Simple Way to Fix the Asset Pricing
Properties of Macroeconomic Models.” American Economic Review 101, no. 3:
406-9.

———. 2012. “Variable Rare Disasters: An Exactly Solved Framework for
Ten Puzzles in Macro-Finance.” Quarterly Journal of Economics, May,
645-700.

Gagnon, Etienne, Benjamin K. Johannsen, and David Lépez-Salido. 2016.
“Understanding the New Normal: The Role of Demographics.” Working
Paper 2016-080. Washington: Board of Governors of the Federal Reserve
System.

Gilchrist, Simon, and Egon ZakrajSek. 2012. “Credit Spreads and Business Cycle
Fluctuations.” American Economic Review 102, no. 4: 1692-1720.

Gomme, Paul, B. Ravikumar, and Peter Rupert. 2011. “The Return to Capital and
the Business Cycle.” Review of Economic Dynamics 14, no. 2: 262-78.

Gourio, Frangois. 2012. “Disaster Risk and Business Cycles.” American Economic
Review 102, no. 6: 2734-66.

— ——. 2013. “Credit Risk and Disaster Risk.” American Economic Journal:
Macroeconomics 5,n0. 3: 1-34.

Gourio, Francois, Anil K. Kashyap, and Jae W. Sim. 2018. “The Trade-Offs in
Leaning Against the Wind.” IMF Economic Review 66, no. 1: 70-115.

Greenwood, Jeremy, Zvi Hercowitz, and Per Krusell. 1997. “Long-Run Impli-
cations of Investment-Specific Technological Change.” American Economic
Review 87, no. 3: 342-62. http://www jstor.org/stable/2951349.

Gutiérrez, German, and Thomas Philippon. 2017. “Investmentless Growth: An
Empirical Investigation.” Brookings Papers on Economic Activity, Fall: 89-190.

Hall, Robert. 2017. “The Role of the Growth of Risk-Averse Wealth in the
Decline of the Safe Real Interest Rate.” NBER Working Paper 22196.
Cambridge, Mass.: National Bureau of Economic Research.

Hall, Robert, and Dale W. Jorgenson. 1967. “Tax Policy and Investment Behavior.”
American Economic Review 57,n0. 3: 391-414.

Hamilton, James D., Ethan S. Harris, Jan Hatzius, and Kenneth D. West. 2015.
“The Equilibrium Real Funds Rate: Past, Present and Future.” IMF Economic
Review 64, no. 4: 660-707.

Heaton, John, and Deborah Lucas. 2000. “Stock Prices and Fundamentals.” In
NBER Macroeconomics Annual 1999, vol. 14, edited by Ben S. Bernanke and
Julio J. Rotemberg. University of Chicago Press.



222 Brookings Papers on Economic Activity, Fall 2018

Isoré, Marleéne, and Urszula Szczerbowicz. 2017. “Disaster Risk and Preference
Shifts in a New Keynesian Model.” Journal of Economics Dynamics and
Control 79: 97-125.

Jagannathan, Ravi, Ellen R. McGrattan, and Anna Scherbina. 2000. “The Declin-
ing U.S. Equity Premium.” Quarterly Review of the Federal Reserve Bank of
Minneapolis, Fall, 3—19.

Karabarbounis, Loukas, and Brent Neiman. 2014. “The Global Decline of the
Labor Share.” Quarterly Journal of Economics 129, no. 1: 61-103.

———.2019. “Accounting for Factorless Income.” In NBER Macroeconomics
Annual 2019, Volume 33, edited by Martin Eichenbaum and Jonathan Parker.
University of Chicago Press.

Kehrig, Matthias, and Nicolas Vincent, 2018.”The Micro-Level Anatomy of the
Aggregate Labor Share Decline.” NBER Working Paper 25275. Cambridge,
Mass.: National Bureau of Economic Research. https://www.nber.org/papers/
w25275 pdf.

Koh, Dongya, Raiil Santaeulalia-Llopis, and Yu Zheng,2015. “Labor Share Decline
and Intellectual Property Products Capital.” Working Paper ECO 2015/05.
Florence: European University Institute. http://cadmus.eui.eu/bitstream/
handle/1814/36837/ECO_2015_05.pdf?sequence=1.

Kozlowski, Julian, Laura Veldkamp, and Venky Venkateswaran. 2015. “The Tail
That Wags the Economy: Belief-Driven Business Cycles and Persistent Stag-
nation.” Working Paper 15-25. New York: New York University Law and
Economics. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2687558.

— — —. 2018. “The Tail That Keeps the Riskless Rate Low.” In NBER Macro-
economics Annual 2018, Volume 33, edited by Martin Eichenbaum and
Jonathan A. Parker. University of Chicago Press. https://www.nber.org/
chapters/c14073.

Lettau, Martin, Sydney Ludvigson, and Jessica Wachter. 2008. “The Declining
Equity Premium: What Role Does Macroeconomic Risk Play?” Review of
Financial Studies 21,n0. 4: 1653-87.

Lewis, Alexander, and Janice Eberly. 2018. “Investment Hollowing Out.” IMF
Economic Review 66, no. 1: 5-30.

Martin, Ian. 2017. “What Is the Expected Return on the Market?” Quarterly
Journal of Economics 132, no. 1: 367-433.

Marx, Magali, Beno?t Mojon, and Francois R. Velde. 2018. “Why Have Inter-
est Rates Fallen Far Below the Return on Capital?” Working Paper 2018-01,
Federal Reserve Bank of Chicago.

Mulligan, Casey B. 2002. “Capital, Interest and Aggregate Intertemporal Substi-
tution.” NBER Working Paper 9373. Cambridge, Mass.: National Bureau of
Economic Research. https://www.nber.org/papers/w9373 pdf.

Nakamura, Leonard I. 2010. “Intangible Assets and National Income Accounting.”
Review of Income and Wealth 56, no. s1: S135-S155.

Rachel, Lukasz, and Thomas Smith. 2017. “Are Low Real Interest Rates Here to
Stay?” International Journal of Central Banking 13,n0. 3: 1-42.



EMMANUEL FARHI and FRANCOIS GOURIO 223

Rietz, Thomas. 1988. “The Equity Premium: A Solution.” Journal of Monetary
Economics 22,no. 1: 117-31.

Rognlie, Matthew. 2015. “Deciphering the Fall and Rise in the Net Capital Share:
Accumulation or Scarcity?” Brookings Papers on Economic Activity, Spring:
1-54.

Traina, James. 2018. “Is Aggregate Market Power Increasing? Production Trends
Using Financial Statements.” Working Paper 17. Chicago: Chicago Booth
Stigler Center for the Study of the Economy and the State. https://research.
chicagobooth.edu/-/media/research/stigler/pdfs/workingpapers/17isaggregatem
arketpowerincreasing.pdf.

Wachter, Jessica. 2013. “Can Time-Varying Risk of Rare Disasters Explain
Aggregate Stock Market Volatility?” Journal of Finance 68: 987-1035.

Welch, Ivo, and Amit Goyal. 2008. “A Comprehensive Look at the Empirical
Performance of Equity Premium Prediction.” Review of Financial Studies 21,
no. 4: 1455-1508.



Comments and Discussion

COMMENT BY

MARK GERTLER This very nice paper by Emmanuel Farhi and Francois
Gourio certainly clarified many key issues in the literature for me. The most
useful way I can use my space here is to describe what I think are the
paper’s key arguments. Then I offer a few suggestions.

The paper’s goal is to account for a variety of macroeconomic trends
over the past several decades. Farhi and Gourio describe nine trends. But
I think these three facts are central to their analysis:

1. Declining real interest rates,

2. Arising capital income share, and

3. Asslightly increasing average return to capital.

The first two facts are widely known, and each is the subject of a large
independent body of literature. The third fact is well known by insiders in
the area. Consistent with a very recent wave of literature, the authors note
that the macroeconomic trends are interdependent phenomena and thus
need to be studied within a unified framework. The distinctive method-
ological aspect of their approach is to integrate finance explicitly within
their macroeconomic model. By including finance, they mean allowing for
a role for risk and risk premia.

How Farhi and Gourio account for various phenomena ranges from less
to more controversial. Chief among the less controversial results is the way
they account for fact 1: the declining real interest rate. Here, they find that a
combination of an increased propensity to save (a rising discounted factor)
and increased demand for safe assets (due to increasing risk) does the job.
These findings are consistent with the range of explanations in the literature
(Bernanke 2005; Caballero, Farhi, and Gourinchas 2008; Del Negro and
others 2017).
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On the more controversial side is the way the authors account for facts 2
and 3: the rising capital income share, and the stable average return to capi-
tal. Within their baseline model, they allow for a tug of war between tech-
nology, market power, and risk. (In extensions of the baseline model, they
consider other factors, such as intangible capital.) What makes the analysis
somewhat controversial is the gold rush of recent literature that emphasizes
rising market power and how this phenomenon can account for a variety of
important phenomena, including the increasing capital share. The authors
push back a bit on this euphoria by emphasizing the role of increasing
risk premia. Their key message is that allowing for increasing risk premia
dampens significantly (though does not eliminate) the measured increase
in market power.

ACCOUNTING FOR TRENDS: THE IDENTIFICATION PROBLEM To understand the
problem of disentangling the relative importance of technology, market
power, and risk, it is first useful to examine the expression for the capital
income share. Let W be the average wage, N total employment, R the
rental rate to capital, K the capital stock, and IT monopoly profits. Then
we can express the capital income share S¥ as

) si=y - WL _RK+IT
Y Y

The key point to note is that capital income is the sum of the rental
income to capital RK and monopoly profits I1. Accordingly, one can
categorize theories of the rising capital income share into whether they
yield increasing rental income or increasing monopoly power. For exam-
ple, the early literature emphasized capital-biased technological change,
which involved a reallocation of rents from labor to capital. Intangible cap-
ital provides another way to account for rising rental income. Stories based
on rising market power appeal to increasing markups to explain increasing
profits

The challenge in sorting out these different theories is that the division
of total capital income between rents and profits is not directly observed,
as Loukas Karabarbounis and Brent Neiman (2018) emphasize. A very nice
paper by Simcha Barkai (2016) attempts to solve this problem directly by
measuring capital rental income and then using this measure along with
the total measure of capital income to impute profits. One of the problems
is that the capital rental rate is not directly observed. Barkai effectively
assumes that the rental rate equals the risk-free rate plus a fixed equity
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premium. As a result, the measured rental rate declines with the risk-free rate.
The net effect is that the measured composition of capital income shifts in
favor of monopoly profits. For this reason, he finds that a large increase in
the markup is required to explain the increasing capital share.

Where the authors step in is to argue that the equity premium may have
increased, implying that the rental income to capital may have not fallen
nearly as much as Barkai suggests, and, conversely, that monopoly profits
may not have increased as much. It is largely for this reason that the authors
find a much smaller increase in markups

THE FARHI-GOURIO FRAMEWORK The model the authors develop to ana-
lyze trends is elegantly simple. It is a variant of a standard neoclassical
growth model, modified to include monopoly power and risk. The way
they include market power is to allow for monopolistically competitive
final goods producers. These producers use intermediate goods as an input
to make a differentiated final product. Intermediate goods producers, in
turn, make output Y using capital K and labor N, according to this Cobb-
Douglas production function:

() Y,=ZK:(S5N)™

and where Z, and S, reflect productivity disturbances. To include risk, the
authors add a time-varying disaster probability. Finally, they restrict the
shocks to the economy to ensure that the economy is always on a balanced
growth path, absent any changes in parameters. Doing so makes the model
appropriate for analyzing trends.

There are three key parameters of interest:

1. o = output elasticity of capital

2. W = gross markup

3. x =equity premium

Each parameter reflects one of the factors driving the macroeconomic
trends. The output elasticity of capital o, which comes from the produc-
tion function, reflects technology. We refer to a rise in o as capital-biased
technical change, given that the marginal product of capital rises, every-
thing else being equal. The gross markup | measures market power (and is
a function of the elasticity of substitution between the differentiated fina
output goods). Finally, the equity premium 7 captures risk. Note that the
primitive model parameter is the disaster probability p. However, given 7,
one can use the model equations to back out p.

Over a given sample, three moment conditions pin down the param-
eter vector (U, o, ). Let r/ denote the riskless rate, g trend growth, P the
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price of stocks, and D dividends. Then the three moments conditions are
given by
1. Capital income share

° -1
3) sr=—+ B2
u u
2. Average return to capital
RK +11 -1
4 — = I+ — (g + 7
@ (1 o
3. Gordon growth formula
P 1
D °+ri-g
%
(5 2 +g=°+7r

P

where r/ and g are given by data, as are the three target variables S,
RK +° P
— ,and —.

It is useful to give the intuition underlying each of the moment condi-
tions. The capital income share depends on two terms: The rst is the rental
income share, which is increasing in o. The second is monopoly profits,
which is increasing in W. The average return to capital is a multiple of
the expected return to capital, which is the sum of the risk premium and
the risk-free rate, y + /. In the absence of market power (1 = 1), the aver-
age return simply equals the expected equity return. With market power,
there is an extra term that reflects monopoly profit

Observe that conditional on the trend equity premium ¥, conditions 3
and 4 determine the technology and market power parameters, o and L.
To solve for Y, the authors use the familiar Gordon growth formula, which
relates the price-dividend ratio along a balanced growth path to the inverse
of the expected equity return net of the steady state growth rate of output.

1. For simplicity, I am abstracting from the effects of depreciation and investment-
specific technical change, which do not appear to a fect the results significantl .
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From rearranging the Gordon formula, one can express the trend expected
return to equity as the sum of the price-dividend ratio and the steady state
growth rate.

IMPLEMENTATION AND RESULTS The authors first compute averages of the
three target variables over each of the two subsamples: 1984-2000 versus
2001-16. They find that across subsamples

1. S¥increases

RK +°

2 increases slightly

3. % + g decreases slightly

They next compute model parameters over each subsample. The key
findings are that across subsamples

1. The gross markup U increases 700 basis points

2. Technology as measured by o is unchanged

3. The equity premium % increases 200 basis points (from 300 to 500)

I have several observations about the findings: First, the estimate of the
markup increase is well below that of similar studies using aggregate data.
It is about half the number estimated by Gauti Eggertsson, Jacob Robbins,
and Ella Getz Wold (2018), and a third of what Barkai (2016) finds. Second,
it is interesting that technology is not a factor in the declining labor share,
given the widespread view that there has been significant capital-biased
technological change. (Perhaps this kind of technological change mainly
affects the distribution of income between skilled and unskilled labor.)
Finally, the estimate of the increase in the risk premium is not without
controversy, given the absence of clear indicators of increased risk since
the Great Recession. I return to this issue shortly.

What is the intuition for the authors’ findings? First, because the Gordon

measure of the expected return to equity,% + g, falls by much less than the

risk-free rate, r/, the equity premium } increases as required by equation 5.
Second, the increase in ¥ offsets much of the effect of decline in r/ on the
expected return to equity. As a result, the increase in the markup [ required
to account for the uptick in the average return to capital is smaller than
would be the case otherwise, as equation 4 suggests. Finally, the resulting
rise in U is sufficient to account for the rise in the labor share without any
change in o, as plugging the number into equation 3 will confirm

We now get to perhaps the central message of the paper. If we were to
ignore the increase in the risk premium, the model would predict a much
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larger increase in the markup. Intuitively, a much larger rise in L would be
required to account for the slight increase in the average return to capital
(given the sharp decline in r/). There is a significant corollary implication
of failing to account for the rising risk premium: The overestimate of the
markup leads to an underestimate of the technology parameter .. What this
implies is that failing to account for the increasing risk premium leads to
estimating a decline in o, suggesting that recent technical change has been
labor biased, which clearly goes against conventional wisdom.

A FEW ISSUES WORTH FURTHER INVESTIGATION The paper’s overall mes-
sage is sensible and reasonably persuasive. It is likely that the cost of capi-
tal has not fallen nearly as much as the risk-free rate. Not taking this into
account is likely to substantially overstate the increase in markup. Along
these lines, it is important to take account of the role of risk in measuring
the cost of capital.

Several issues, however, merit further investigation. The first involves
the measure of the required expected return to capital. Over each sub-
sample, the authors use the Gordon formula to compute the expected return
to capital as the sum of the average dividend-price ratio and the average
growth rate. By using subsample averages, the calculation masks a high
degree of variability of the dividend-price ratio. In addition, the average
growth rate may be a poor indicator of future growth expectations, espe-
cially toward the end of each subsample.

Accordingly, in my figure 1, I use annual data to compute a “real-time”
Gordon measure of expected return to equity. For each year, I calculate
the expected return to equity as the sum of the dividend-price ratio and
the expected long-run average growth rate of output. To measure the latter
I use the median 10-year average growth rate from the Survey of Profes-
sional Forecasters. As with the standard Gordon formula, two assumptions
underlie the calculations: (1) the required return to equity at any time ¢ is
expected to be constant (think of it as evolving as a random walk); and
(2), dividends are cointegrated with output, so expected output growth
is also a measure of expected dividend growth. Think of this real-time
Gordon measure as providing a benchmark estimate of the expected return
to equity. To the extent that the two assumptions are violated, the expected
return will differ from this benchmark.

The dashed line in my figure 1 is the dividend-price ratio, while the
dotted line is the measure of the expected return given by the sum of the
dividend-price ratio and the expected long-run growth rate. Because
the survey data only go back to 1992, we use the 1992 forecast to mea-
sure expected output growth in the earlier years. Throughout the early
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Figure 1. Real-Time “Gordon” Expected Return on Equity, 1985-2015?

Percent

1985 1995 2005 2015

Sources: Center for Research in Security Prices; Survey of Professional Forecasters; author’s
calculations.
a. The expected return on equity (the upper, dashed-and-dotted line) is defined as the dividend yield

D, E(g10)D
P

(the lower, long-dashed line) plus the expected long-term growth rate: P + E(g19)- The

dividend yield is computed by the Center for Research in Security Prices. The expected 10-year growth
rate is from the Survey of Professional Forecasters, and is extrapolated backward from 1992 (the dashed
section of the upper, dashed-and-dotted line).

subsample, there is a downward trend in the required return to equity,
which accelerates due to the stock market boom in the later 1990s (which
reduces the dividend-price ratio). The stock market correction in the early
2000s reverses this downward trend. The net effect is that though the mea-
sured expected return in the second subsample is lower than in the first one,
the difference is not dramatic, consistent with the authors’ argument.

In particular, the decline in the measured expected return to equity is
much less over the sample than is the drop in the expected 1-year Treasury
yield, as my figure 2 shows. To the extent that we can take as an estimate of
the equity premium the gap between the Gordon measure of the expected
return to equity and the expected 1-year Treasury yield, then it is clear
from the figure that the equity premium has widened nontrivially over the
sample, as the authors suggest.

But two concerns arise. First, to calculate the equity premium using the
Gordon approach, investors must expect the current 1-year yield to persist.>

2. Otherwise, for example, a high dividend-price ratio could reflect an expected increase
in future interest rates as opposed to a high equity premium.
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Figure 2. Real-Time “Gordon” Equity Premium, 1985-2015°
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Sources: Adrian, Crump, and Moench (2013); Survey of Professional Forecasters; author’s calculations.

a. The equity premium is the expected return on equity % + E((g10) (dotted line) minus the expected

real 1-year Treasury yield E(rf — m) (dashed line). The expected equity return is computed by the Center
for Research in Security Prices and the Survey of Professional Forecasters. The 1-year nominal Treasury
yield is from Adrian, Crump, and Moench (2013). The expected 1-year Consumer Price Index inflation
rate is from the Survey of Professional Forecasters.

Not only is there a downward trend in the real rate over the sample;
there are also clear cyclical patterns: Relative to trend, the short-term
real rate increases in expansions and decreases in recessions. An open
question is how much investors perceive the low real rates after the
Great Recession as reflecting a trend versus a cycle. As I discuss below,
this matters for the calculation of the benchmark equity premium using
the Gordon formula. The second issue involves identifying where the
increase in risk in the system may be that could account for the increas-
ing risk premium.

I address the two issues in reverse. First, where is the risk? The puzzle is
that some traditional indicators of risk, such as the Chicago Board Options
Exchange’s Volatility Index market indicator, are down. I think the most
natural source of greater risk is the perceived increase in risk to the bank-
ing system. Within the authors’ model, the relevant risk is that of a dis-
aster, which would lead to an exogenous decline in real activity. In practice,
at the core of most economic disasters are banking crises. My figure 3,
which is adapted from a paper by Darrell Duffie (2019), plots the average
credit default swap (CDS) rate for banks from 2004 to 2018. The CDS rate
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Figure 3. Where Is the Risk? Bank Credit Default Swaps, 2005-17°
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Sources: Bloomberg; Duffie (2019).
a. Average 5-year credit default swap rates (in basis points) of the five major U.S. dealer banks: Bank
of America Merrill Lynch, Citigroup, Goldman Sachs, JPMorgan Chase, and Morgan Stanley.

increases from below 50 basis points before the Great Recession to a peak
of 250 basis points at the recession’s height. Importantly, the rate fluctuates
between 150 and 250 basis points through 2013. It eventually declines a bit,
but remains elevated relative to its pre-Great Recession value by a factor
of roughly three (about 100 basis points, versus roughly 30 pre—Great
Recession). Accordingly, the CDS data suggest that market perceptions of
the probability of a banking crisis are elevated relative to the pre—Great
Recession period. As Duffie notes, the experience of the recent crisis has
led market participants to attach a higher probability to a future crisis than
might otherwise have been the case. Also relevant are new restrictions on
the extent to which the government can protect banks and bank creditors.
The elevated perception of bank risk could account for the authors’ obser-
vation that credit spreads are high after relative to before the Great Reces-
sion. It similarly could be a factor accounting for an increase in the equity
risk premium.

Finally, given the real-time Gordon measure of the return to equity,
I address the issue of which real rate to use to calculate the equity premium.
Because the Gordon measure is effectively a trend measure of the return to
equity at each point in time, the real rate with which to compare this return
should similarly be a trend measure. A natural candidate for the latter is the
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Figure 4. Short-Term Rates versus Risk-Neutral Long-Term Rates, 1985-2015°
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Sources: Adrian, Crump, and Moench (2013); Survey of Professional Forecasters; author’s calculations.

a. The expected real 1-year Treasury yield E«(rf — m) (dotted line) is the nominal 1-year yield minus
the expected 1-year Consumer Price Index inflation rate. The expected real risk-neutral longer-term
Treasury yield E(rn" — m) (dashed-and-dotted line) is the nominal 10-year yield minus the term
premium (per Adrian, Crump, and Moench) and the expected Consumer Price Index inflation rate.
Yields are from Adrian, Crump, and Moench (2013). Inflation expectations are from the Survey of
Professional Forecasters.

10-year government bond rate adjusted to eliminate the term premium. After
eliminating the term premium, the 10-year bond rate reveals the market
expectation of the average long-term real rate. Accordingly, the dashed-
and-dotted line in my figure 4 plots the long-term real rate, measured as
the nominal 10-year government bond rate adjusted to eliminate the term
premium as measured by Michael Abrahams and others (2016), minus the
10-year forecast of inflation from the Survey of Professional Forecasters.
Though the 10-year rate exhibits a secular decline similar to the 1-year rate
(the dotted line), it is not as steep. In addition, not surprisingly, the cyclical
deviations from trend are smaller than for the 1-year rate. An important
consequence is that the long-run rate is below the short-run rate at the
beginning of the sample, a period when monetary policy was still tight.
Conversely, it is significantly above the short term rate at the end of the
sample, a period of easy monetary policy.

As my figure 5 shows, if we use the 10-year real interest rate to compute
the trend equity premium, we get a different perspective on the behavior
of relative returns. The trend equity premium looks reasonably stable over



234 Brookings Papers on Economic Activity, Fall 2018

Figure 5. Equity Return versus Real Short- and Long-Term Yields, 1985-2015?
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Sources: Adrian, Crump, and Moench (2013); Center for Research in Security Prices; Survey of
Professional Forecasters; author’s calculations.

a. The expected return on equity % + E(g10) (solid line) is the dividend yield plus the expected

long-term growth rate. The expected real 1-year Treasury yield E(rf — mt) (dotted line) is the nominal
1-year yield minus the expected 1-year Consumer Price Index inflation rate. The expected real risk-
neutral longer-term Treasury yield E/(rn'" — mt) (dashed-and-dotted line) is the nominal 10-year yield
minus the ACM term premium and the expected Consumer Price Index inflation rate. The dividend yield
is computed by the Center for Research in Security Prices. Treasury yields are from Adrian, Crump,
and Moench (2013). Expectations are from the Survey of Professional Forecasters.

the sample, except for a decrease over the period of the stock market boom
in the late 1990s that is reversed over the next few years. It is important to
emphasize, however, that the authors’ estimates of the markup and technol-
ogy parameters remain valid, as does their argument that previous studies
have likely overestimated the increase in markups. What matters for the
estimation of these parameters is the estimate of the return on equity and
not how this return is divided between the risk premium and the risk-free
rate. My only point here is that if one is going to use the Gordon formula to
back out an equity premium, it matters which real rate is used, and it may
make more sense to use the 10-year rate adjusted for the term premium.

CONCLUDING REMARKS This paper makes a compelling case that in ana-
lyzing macroeconomic trends, it is important to think carefully about
measuring the cost of capital. By doing so, further, one is likely to obtain
much lower estimates of the rise in markups than the previous literature
has suggested.
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COMMENT BY

DIMITRIS PAPANIKOLAOU This paper by Emmanuel Farhi and
Francois Gourio illustrates how taking into account financial market data
helps explain some recent stylized features of the data: the decline in the
labor share of output; the decline in interest rates; the increase in the aver-
age product of capital in excess of the riskless rate; and the relatively low
levels of corporate investment as a share of output. Previous explanations
have relied on a combination of a rise in the importance of intangibles
and/or an increase in firms market power (Barkai 2017; De Loecker and
Eeckhout 2017; Gutierrez and Philippon 2017). But in this paper, Farhi and
Gourio show that stable equity valuation ratios and declining risk-free rates
strongly suggest that the equity premium has increased in recent decades.
A structural macroeconomic model attributes a considerable role to an
increase in risk in accounting for these recent trends—and a much more
modest role for an increase in market power. Interestingly, allowing for the
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presence of intangibles —here, mismeasured capital —weakens the case for
rising markups, but not for rising risk premia. Given that the main contribu-
tion of the paper is to provide new evidence on the rising equity premium,
my comment mostly focuses on this aspect of the paper.

Farhi and Gourio have written an important paper that illustrates how
asset markets can be a useful source of information on macroeconomic
models. Overall, I am highly sympathetic to the authors’ goal, and I fin
their main argument broadly convincing. That said, there needs to be some
scope for clarifying the limitations of their approach: the equity premium
is essentially unobservable, and can only be inferred from the data based
on additional assumptions. Hence, the authors’ argument would be greatly
strengthened if they were to empirically link the imputed equity premium
with observable measures of risk. Absent this link, the imputed increase
in the equity premium can only be rationalized as an increase in risk
aversion—and because shifts in preference parameters are unobservable,
they are ultimately unsatisfying as explanations of economic phenomena.!

The novel part of the paper infers the equity premium from equity
valuations. To understand the authors’ identification strategy, consider
the familiar Gordon growth formula. It can be rewritten as

M) %—'}=E[RZ]—E[$’]-

The Gordon growth formula links two observable quantities on the left
side (the dividend-price ratio and the real risk-free rate) to two unobserv-
able quantities on the right side: the expected excess return on equity E[R¢ ]
and the expected growth rate of dividends E[g]. The two panels of my
figure 1 plot the dividend-price ratio and two measures of the real risk-free
rate: the yield on a 10-year Treasury Inflation-Protected Security, and the
difference between the 10-year yield of the Constant Maturity Rate series
of the Federal Reserve Bank of Saint Louis and 10-year inflation expecta-
tions from the Survey of Professional Forecasters (SPF). Examining these
two panels brings the main point of the paper into sharp focus: We see that,
in terms of levels, stock valuation ratios are at the same level as in 2003,

1. That said, risk aversion in these models is often a metaphor that can be a stand-in
for other types of frictions. Specificall , models with financial constraints often imply that
economic agents exhibit risk-averse behavior, even if their underlying utility is linear (He
and Krishnamurthy 2013). Thus, an alternative route would be to link the imputed equity
premium with measures of the health of financial intermediaries
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Figure 1. Interest Rates and Valuation Ratios, 1985-2015°
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Sources: Center for Research in Security Prices; Federal Reserve Bank of Saint Louis, Constant
Maturity Rate series; Survey of Professional Forecasters.

a. The left panel plots the price-dividend ratio from the Center for Research in Security Prices. The
right panel plots estimates of the real interest rate: the solid line plots the difference between the 10-year
nominal rate (yield on Constant Maturity Rate series bonds) and the expected inflation over the next
10 years from the Survey of Professional Forecasters; the dashed line plots the yield of 10-year Treasury
Inflation-Protected Securities.

b. Constant Maturity Rate series, expected inflation on Treasury Inflation-Indexed Securities.

even though the real rate of interest declined from about 4 percent in 2003
to less than 1 percent in 2016.

These patterns are consistent with equation 1, as long as either expected
dividend growth rates have declined or the equity risk premium has risen.
The authors equate dividend to output growth, and assume that expected
growth is equal to average realized growth in each period. Because aver-
age realized growth was about 30 basis points lower in 2001-16 than in
1984-2000, they conclude that the difference needs to be accounted for by
an increase in the equity premium. But is it always reasonable to equate
expectations with average realizations? If we were to estimate the expected
return on equity based on the average realized return of stocks in excess of
bonds in each period, we would have arrived at the opposite conclusion:
During the 19842000 period, stocks outperformed bonds by 10.5 percent
compared with 7.3 percent in 2001-17.> Now, there are some very good
reasons why estimating the equity premium based on average realizations
is fraught with pitfalls; not only are realized stock returns quite noisy, but
they are also inversely related to changes in expectations for future returns.
Nevertheless, perhaps we should not completely discard this information.

2. Estimates based on data from Kenneth French’s website, http://mba.tuck.dartmouth.
edu/pages/faculty/ken.french/.
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Figure 2. Imputed Dividend Growth Rate, Assuming Constant Equity Premium,
1990-2016°
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Sources: Center for Research in Security Prices; Federal Reserve Bank of Saint Louis, Constant
Maturity Rate series; Survey of Professional Forecasters; author’s calculations.

a. This figure plots the imputed expected growth rate of dividends E[g], given equation 1, the Center
for Research in Security Prices’ price-dividend ratio, and the real risk-free rate—measured as the
difference between the 10-year nominal rate (the yield on Constant Maturity Rate bonds) and expected
inflation over the next 10 years from the Survey of Professional Forecasters.

For the sake of argument, suppose that we were to assume a constant
equity premium and back out the expected growth rate E[g] from equa-
tion 1, together with the realizations of D/P and .’ I plot the resulting
series in my figure 2. We see that the data would imply a secular decline in
expected growth rates after 2000. Is the resulting expectations series rea-
sonable? Without additional work, it is rather difficult to ascertain whether
that is the case. One possibility would be to extend the estimation exercise
to allow households’ prior beliefs about future productivity to vary from
average realizations. One could then infer the extent to which these dif-
ferences in beliefs could account for additional features of the data—for
instance, the decline in corporate investment.

Data on expectations of future economic growth and asset returns could
shed some light on these issues. I use expectations of future output growth

3. One could object to this exercise on the grounds that the price-dividend ratio does not
appear to forecast future dividend growth very well (Campbell and Shiller 1988). However,
recent work by Van Binsbergen and Koijen (2010) shows that, using a different empirical
methodology, dividend growth may be predictable.
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Figure 3. Expectations of Future Growth and Excess Return on Equity, 1990-2015
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Sources: Survey of Professional Forecasters (SPF); Duke University Quarterly Survey of Chief Financial
Officers; author’s calculations.

over the next 10 years from the SPF. To measure expectations of future
excess returns on equity, I use data from Duke University’s quarterly survey
of chief financial officers (CFOs) (Duke 2019). In the survey, CFOs
are asked what they think the average excess return of the Standard &
Poor’s 500 will be over the next 10 years. Given that these CFOs are
responsible for the capital budgeting decision of the largest firms in the
economy, their beliefs about risk premia are likely consequential.

I plot these two series of expected growth and stock market returns,
respectively, in the two panels of my figure 3. Examining the left panel, we
see that survey expectations of future growth display a qualitatively simi-
lar pattern as the imputed growth rate in my figure 2, but the magnitudes
are off by a considerable amount. Of course, we should keep in mind that
the resulting series are not directly comparable—we are ignoring leverage,
taxes, and all other distinctions between cash dividends and output. In the
right panel, I plot the equity premium implied by the CFO survey data.
The series starts in 2000, hence it is not possible to make comparisons
with the pre-2000 period. But we can compare the resulting series with the
rolling estimate of the equity premium in Farhi and Gourio’s figure 6—or
the top left panel of my figure 4. We see that the survey-based measure of
the equity premium declines between 2000 and 2006, but then exhibits a
secular increase in the 2007-16 period. Naturally, we can quibble on what
exactly these surveys measure—hopes about future market performance
versus required rates of return. But the point remains that inferring required
rates of return from equity valuations is not straightforward.
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Figure 4. Estimates of Disaster Risk, 1985-2015°
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Sources: Survey of Professional Forecasters (SPF); Federal Reserve Bank of Saint Louis, Constant
Maturity Rate series; Chicago Board Options Exchange’s Volatility Index (VIX); Martin (2017); author’s
calculations.

a. This figure presents estimates of macroeconomic risk from several sources. The top left panel plots
a point-in-time version of the equity premium based on SPF forecasts on inflation and growth over the
next 10 years, and the nominal yield on 10-year Treasury bonds (using the Constant Maturity Rate
series). The top right panel plots the forecasted probability (from the SPF) of a decline in output in at least
three out of the next four quarters. The bottom left panel plots the VIX. And the bottom right panel plots
the perceived likelihood of a 15 percent decline in the stock market, from the perspective of a log investor
who is fully invested in the market portfolio, from Martin (2017); the solid line uses options of 6-month
maturity, and the dashed line uses options of 12-month maturity.

b. GDP decline in three out of the next four quarters.

¢. For maturities of 6 months and 12 months; see note a.
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To strengthen the main point of Farhi and Gourio’s paper, it would
be useful to connect the imputed increase in the equity risk premium to
observed measures of risk and uncertainty. In the paper, risk is modeled
as a (small) possibility of a (large) disaster—that is, destruction of 15 per-
cent of the capital stock. Hence, examining empirical measures of disaster
risk is a useful place to start. Naturally, this is easier said than done. Part
of the difficulty lies with the fact that rare disasters are, by definition
rare. In the postwar sample, there has been not a single event when the
capital stock declined by 15 percent, but given the low estimated probabili-
ties of disaster (3—6 percent), such lucky stretches are not implausible. It
is therefore extremely difficult for an econometrician to estimate a time-
varying likelihood of a rare disaster from data on real outcomes. How-
ever, we have access to additional sources of data: macroeconomic surveys
and—consistent with the spirit of the paper—data from financial markets

I consider three empirical measures of disaster risk. First, I use data from
the SPF; I construct the average probability, across survey participants, of
a severe recession, which I define as a decline in real output in at least
3 quarters over the next year. Second, I use the Chicago Board Options
Exchange’s Volatility Index (VIX); this variable, often referred to as “the
fear index” in the popular press, is the implied volatility of the Standard
& Poor’s 500 stock market index that is consistent with traded options on
the index. The VIX is an amalgam of the perceived risk in investing in the
stock market and the degree of risk aversion of a representative investor.
If one is willing to make additional assumptions, one can recover inves-
tors’ beliefs about the risk of rare disasters from option prices. lan Martin
(2017) derives the perceived probability of a 15 percent drop in the under-
lying index over the next year, from the perspective of an investor who is
100 percent invested in the stock market and has log utility preferences.
I use these implied probabilities, based on 6-month and 12-month equity
options, as my third measure of disaster risk.

My figure 4 compares these three estimates of disaster risk to the esti-
mates implied by the paper. Specificall , the top left panel of figure 4 plots
a point-in-time version of the equity premium in the paper that uses equa-
tion 1 above, along with point-in-time estimates of the real risk-free rate
and expected (output) growth using the yield on 10-year Treasury secu-
rities and forecasts of inflation and output from the SPF. We see a sig-
nificant upward trend in the equity premium after 2000. In contrast, as we
see in the top right panel of figure 4, survey estimates of disaster risk
provide rather weak support for a low-frequency increase in perceived
macroeconomic risk. Survey estimates of risk spike during recessions, but
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there are no differences in the average probability between the 1984—2000
and 2000-2015 subsamples. Using different definitions of a “severe
recession” yields similar results.

Prices of financial options are reliably available only after the mid-
1990s, so we cannot reliably compare the pre-2000 to the post-2000 period.
However, we can examine whether they imply a secular increase in dis-
aster risk relative to 2000. The bottom left panel of my figure 4 plots the
time series of the VIX. The VIX spiked considerably in the late 1990s and
during the Great Recession. Though the average level is somewhat higher
during the 2001-15 period relative to 1990-2000, the difference is not
statistically significant—probably because the VIX itself is quite volatile.
The bottom right panel plots the option-implied estimates of disaster risk,
using the methodology of Martin (2017). We see that the resulting series
resembles the VIX, and again reveals no evidence of a secular increase in
disaster risk after 2000.

In sum, we see that data from macroeconomic surveys and financial mar-
kets indicate a transitory increase in the likelihood of a rare disaster during
the financial crisis. However, there is no evidence for a secular increase in
disaster probabilities after 2000. Here, however, it is helpful to step a bit
outside the exact structure of the model; rare disasters are a convenient
device to model risk that delivers a realistic equity premium, but they are
not the only possibility. A credible alternative is that macroeconomic risk
takes the form of uncertainty about long-term economic growth—that is,
“long-run risk,” as described by Ravi Bansal and Amir Yaron (2004).

Is it possible that perceived uncertainty about long-run growth rates
has increased over the last few decades? Perhaps it has; but unfortunately,
obtaining direct evidence for small but persistent sources of fluctuations in
output is as challenging as obtaining evidence for the changing likelihood
of rare disasters. One possibility is to estimate such risk using a structural
model —in a way that is similar to what is done by Farhi and Gourio in
this paper. Along these lines, Frank Schorfheide, Dongho Song, and Amir
Yaron (2018) estimate a structural model in which consumption and divi-
dends are modeled in reduced form. Importantly, there is uncertainty about
the long-run mean of consumption growth, and the level of uncertainty
varies over time in a persistent fashion. Schorfheide, Song, and Yaron
(2018) estimate this time-varying volatility using a particle filter (a non-
linear version of the Kalman filter) that uses asset returns, and the growth
rates of consumption and dividends. In sum, Schorfheide, Song, and Yaron
(2018) and Farhi and Gourio both rely on asset return data, but their
methodologies are quite different.
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Figure 5. Estimates of Long-Run Risk versus the Equity Premium, 1985-2015°
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Sources: Schorfheide, Song, and Yaron (2018); Federal Reserve Bank of Saint Louis, Constant
Maturity Rate series; Survey of Professional Forecasters (SPF); author’s calculations.

a. The solid line in this figure plots the filtered volatility of the long-run risk component from
Schorfheide, Song, and Yaron (2018). The dashed line plots a point-in-time estimate of the equity risk
premium constructed using SPF forecasts on inflation and growth over the next 10 years, and the nominal
yield on 10-year Treasury bonds (using the Constant Maturity Rate series).

In my figure 5, I compare Schortheide, Song, and Yaron’s (2018) esti-
mate of long-run uncertainty (the solid line) with the imputed point-in-time
estimate of the equity premium implied by the Gordon growth formula.
Interestingly, even though the two papers use different data and method-
ologies, they display similar behavior. That is, both methodologies imply a
secular increase in macroeconomic risk after 2000. Though this correlation
is comforting, it still does not fully settle the matter—what aspects of the
data identify an increase in uncertainty here is not fully transparent.

However, once we move beyond the notion that disaster risk is the pri-
mary determinant of risk premia, we can expand the sources of data that
can be used to directly measure risk. Fiscal and monetary policy likely
have a measurable impact on economic quantities. Yet another possibility
is that perceptions of political risk have shifted since 2000. To explore this
idea further, I use the political uncertainty index of Scott Baker, Nicholas
Bloom, and Steven Davis (2016). Specifically, Baker and colleagues con-
struct an estimate of the degree of uncertainty about economic policy,
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Figure 6. Economic Policy Uncertainty, 1985-2015
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Sources: Baker, Bloom, and Davis (2016); Federal Reserve Bank of Saint Louis, Constant Maturity
Rate series; Survey of Professional Forecasters (SPF); author’s calculations.

a. The solid line in this figure plots the Economic Policy Uncertainty Index of Baker, Bloom, and Davis
(2016). The dashed line plots a point-in-time estimate of the equity risk premium constructed using SPF
forecasts for inflation and growth over the next 10 years, and the nominal yield on 10-year Treasury
bonds (using the Constant Maturity Rate series).

based on an analysis of news articles. Their index captures uncertainty not
only about which policies will be implemented but also on their economic
impact—about half the articles discuss uncertainty about the economic
effect of past, current, or future policy actions.

I plot Baker and colleagues’ index in my figure 6. We see an increase
in the average level of economic policy uncertainty in the 2001-15 period
relative to 1984-2000. Some of this increase can be attributed to the finan-
cial crisis and uncertainty about the short- and long-run outcomes of the
economic policies that were undertaken to remedy its effects. But their
index is also high in the few years after 2000, partly due to the Septem-
ber, 11, 2001, terrorist attacks; the collapse of the tech “bubble”; and the
second Gulf War—all of which could have plausibly increased the level of
uncertainty about future economic growth. Interestingly, the policy uncer-
tainty series exhibits behavior that is similar to the implied equity risk
premium.

In brief, I think the main point of Farhi and Gourio’s paper is most likely
correct. Financial market data seem to indicate an increase in risk premia
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after 2000. In any reasonable macroeconomic model, an increase in risk
will lead to lower investment in risky projects; a higher capital share; lower
interest rates; and a higher average return on capital. I find these forces
equally plausible explanations as an increase in market power. My only
reservation is that it is not immediately obvious how exactly the economy
became riskier after 2000. Perhaps increased political uncertainty —and
polarization—played a role. To lend further credibility to the argument that
risk premia played an important role for recent trends, I think more work
on measurement is needed.

More broadly, I believe that the economic interpretation of these
accounting decompositions has been underexplored. In the context of a
model, these decompositions quantify the extent to which certain shifts in
the data can be accounted for by changes in parameters. But the interpre-
tations of these parameter shifts are not obvious, and the same economic
forces may account for all these changes. For instance, brand value is a
form of intangible capital that gives firms some measure of market power.
Thus, a rise in market power could be driven by an increased importance
of intangibles (Crouzet and Eberly 2018a, 2018b). Similarly, one could
argue that intangible capital is more fragile than physical capital; it is
perhaps easier to argue that 15 percent of the value of a brand is lost
than, say, a 15 percent destruction of machines. As the composition of
the economy shifts between tangibles and intangibles, so will risk in the
economy change endogenously. Understanding the fundamental causes
driving these changes is worthwhile.
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GENERAL DISCUSSION James Stock began by noting that it would
be useful to get a better sense of what the authors’ macroeconomic risk
variable reflects, because its historical time series behavior does not nec-
essarily square with what are conventionally thought of as risky periods.
Robert Hall commented that he has found evidence for growth in aver-
age market power in some of his own recent research. But there is a low
correlation between growth in market power and growth in concentration.
He explained that the two phenomena can coexist in terms of oligopoly
theory.! His research finds there has been a considerable rise in both rents
and Tobin’s Q—a finding that can be reconciled with little growth in market
power if intangible assets have become more important to firms. He recom-
mended a Jackson Hole paper by Janice Eberly and Nicolas Crouzet that
corroborates the importance of intangibles, and cited research by James

1. Robert Hall, “New Evidence on the Markup of Prices over Marginal Costs and the
Role of Mega-Firms in the U.S. Economy,” NBER Working Paper 24574 (Cambridge,
Mass.: National Bureau of Economic Research, 2018).
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Traina that provides a strong critique of the evidence that market power has
grown significantly since the 1980s ?

Hall said he was surprised that none of the presenters discussed the
Campbell-Shiller method of measuring the equity premium, and that the
hypothesis that there has been a persistent increase in the equity premium
would not be supported by what he regards as the mainstream financ
literature .’

Steven Davis remarked that the paper’s dividend-price ratio, a key input
into its analysis, mirrors the time series history of influxes of newly listed
firms in the 1980s and 1990s, and that this may present a challenge for their
calculation of the ratio. Research by Eugene Fama and Kenneth French
shows that the flow of newly listed firms in the United States represented
a large share of public firms in the 1980s and 1990s.* Later research by
Davis and his colleagues calculated that firms first listed in the 1980s and
1990s accounted for more than 40 percent of all employment at publicly
listed firms as of 2000.°> Thus, Davis concluded, there may be a significant
role for selection in the evolution of the paper’s measured dividend-price
ratio, because firms that were first listed in the 1980s and 1990s were likely
to have high prices and low dividends. Moreover, this trend reversed after
the dot-com bubble burst in the early 2000s. He suggested that the authors
recalculate the dividend-price ratio using microeconomic data to construct
an index of changes in the ratio based on firms that are listed in consecu-
tive years.

Olivier Blanchard noted that the authors ought to be careful in distin-
guishing between markups and rents, given that monopolistic competition

2. James Traina, “Is Aggregate Market Power Increasing? Production Trends Using
Financial Statements,” Stigler Center New Working Paper 17, 2018; Nicolas Crouzet and
Janice Eberly, “Understanding Weak Capital Investment: The Role of Market Concen-
tration and Intangibles,” technical report for Jackson Hole Symposium, Federal Reserve
Bank of Kansas City (https://www.kansascityfed.org/~/media/files/publicat/sympos/2018
papersandhandouts/824 1808 1 6crouzeteberlyhandout.pdf?la=en).

3. John Campbell and Robert Shiller, “The Dividend-Price Ratio and Expectations
of Future Dividends and Discount Factors,” Review of Financial Studies 1, no. 3 (1988):
195-228.

4. Eugene Fama and Kenneth French, “New Lists: Fundamentals and Survival Rates,”
Journal of Financial Economics 73, no. 2 (2004): 229-69.

5. Steven Davis, John Haltiwanger, Ron Jarmin, and Javier Miranda, “Volatility and
Dispersion in Business Growth Rates: Publicly Traded versus Privately Held Firms,” in
NBER Macroeconomics Annual 2006, edited by Kenneth Rogoff and Daron Acemoglu
(Cambridge, Mass.: National Bureau of Economic Research, 2016).
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with free entry leads to markups, which cover fixed costs of entry, but
not to rents. As a result, some markets could have seen large increases in
markups but small increases in rents.

Blanchard observed that Tobin’s Q has increased substantially for non-
financial firms in the United States, and that this could either be the result
of measurement methods or increasing rents. In contrast to Robert Hall’s
view, he argued that mismeasurement of capital due to an increase in
intangibles investment would need to be implausibly large to explain the
increase in Tobin’s Q, and thus that increasing rents must make up a large
portion of the increase.

Eric Swanson noted that an increase in the savings supply is a key
explanatory factor in the authors’ analysis, but that this increase in savings
is modeled as coming from a change in the domestic discount factor rather
than as a capital inflow from abroad. Thus, the authors are studying a
“domestic savings glut” rather than a “global savings glut,” and the effects
of the latter in an open economy can be different in important ways (such
as the effect on domestic consumption growth). Swanson also observed
that many of the trends the authors describe were present in Europe over
the same period, and he suggested that the authors fit their model using
European data as a second set of observations to check the robustness of
their findings

Jason Furman remarked that much of the literature on changes in the
capital share assume it is a description of technology and nothing more.
He noted the importance, thus, of the authors finding a significant role for
markups in explaining changes in the capital share. He suggested that the
authors consider exploiting variation in concentration across industries to
test whether their findings about markups hold across industries

Janice Eberly responded to the comments by Hall, Blanchard, and
Furman, noting that her research with Nicolas Crouzet found not only a
role for intangibles and investment but also that they appear to be co-related
to both markups and productivity growth. She explained that intangibles
should be treated as having different properties from physical capital, and
that their properties may vary across industries. In the health industry, for
example, intangibles appear to be closely related to markups but not to pro-
ductivity; in contrast they appear to be correlated with productivity growth
in the retail sector.

John Haltiwanger observed that measures of risk in fixed-incom
markets were declining both before and after the financial crisis, and he
asked the authors to comment on why returns in debt markets could have
been so low while they were rising in equity markets.
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Mark Gertler responded that Baa- and A-rated bond yields have
remained elevated since the financial crisis relative to their levels before
the crisis. Haltiwanger responded again, noting that high-yield bonds in
particular have low yields relative to precrisis levels, and that these provide
a closer measure of fixed-income risk

Francois Gourio began by thanking the commenters and participants
for their observations. He noted that many commented on what has driven
macroeconomic risk perception to increase alongside the equity premium.
He pointed out that the paper tries to provide some evidence on this ques-
tion by looking at other measures of risk, such as realized volatility and
credit spreads. Another possible set of explanations focuses on changes in
risk preferences. For example, he described how aging populations may
have higher risk aversion and a larger demand for safe assets. Also, some
countries appear to have larger preferences for safe assets, and these may
be driving estimates of risk premia.

Responding to comments about estimating the equity premium, Gourio
noted that Campbell proposes a method that differs from the Campbell-
Shiller approximation. In section VII of their paper, Farhi and Gourio
provide an alternative estimate of risk premia according to this method,
and they nd that it appears to increase after 2000, consistent with their
own estimates.® He acknowledged that estimating the premium involves
some uncertainty, and he suggested that further research could explore the
differences between estimation methods.

Gourio acknowledged that modeling one closed economy (that of the
United States) is a potential limitation of the paper. However, he argued
that one could conceivably treat the model as applying to the global econ-
omy, given that many trends observed in the United States are consistent
with those observed globally.

Gourio agreed with comments that many of the parameters in the model
are reduced-form, to some extent, and that they may be driven by another
factor not included in the model, or they may be jointly driven by one
common underlying factor. However, the contribution of the paper is to
recover these reduced-form parameters, and to decompose their relative
importance within the model. Deeper analyses that try to explain what
drives these changes in parameters are of course warranted, but they will
need to be consistent with the authors’ reduced-form findings

6. John Campbell, “Estimating the Equity Premium,” Canadian Journal of Eco-
nomics 41,no. 1 (2008): 1-21.
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Regarding Tobin’s O, Gourio said that it is important to note that, though
itis equal to 1 regardless of the risk premium if there are no rents, it is actu-
ally quite sensitive to the risk premium (and to other parameters) if there
are rents, because the risk premium affects the discounting of future rents.
As a result, he said, the model is consistent with an increase in Tobin’s Q.

Gourio concluded by agreeing with comments about distinguishing
markups from rents, considering cross-industry evidence, and taking into
account firm selection when estimating the dividend-price ratio
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