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1 Introduction

The behavior of aggregate stock prices is a subject of enduring fascination to investors, pol-
icymakers, and economists. In recent years stock markets have continued to show some fa-
miliar patterns, including high average returns and volatile and procyclical price movements.
Economists have struggled to understand these patterns. If stock prices are determined by
fundamentals, then what exactly are these fundamentals and what is the mechanism by
which they move prices?

Researchers, working primarily with US data, have documented a host of interesting styl-
ized facts about the stock market and its relation to short-term interest rates and aggregate

consumption.

1. The average real return on stock is high. In quarterly US data over the period 1947.2
to 1996.4, a standard data set that is used throughout this chapter, the average real
stock return has been 7.6% at an annual rate. (Here and throughout the chapter, the
word return is used to mean a log or continuously compounded return unless otherwise

stated.)

2. The average riskless real interest rate is low. 3-month Treasury bills deliver a return
that is riskless in nominal terms and close to riskless in real terms because there is only
modest uncertainty about inflation at a 3-month horizon. In the postwar quarterly US

data, the average real return on 3-month Treasury bills has been 0.8% per year.

3. Real stock returns are volatile, with an annualized standard deviation of 15.5% in the

US data.

4. The real interest rate is much less volatile. The annualized standard deviation of the
ex post real return on US Treasury bills is 1.8%, and much of this is due to short-run
inflation risk. Less than half the variance of the real bill return is forecastable, so the

standard deviation of the ex ante real interest rate is considerably smaller than 1.8%.



5.

10.

11.

Real consumption growth is very smooth. The annualized standard deviation of the

growth rate of seasonally adjusted real consumption of nondurables and services is

1.1% in the US data.

Real dividend growth is extremely volatile at short horizons because dividend data are
not adjusted to remove seasonality in dividend payments. The annualized quarterly
standard deviation of real dividend growth is 28.8% in the US data. At longer horizons,
however, the volatility of dividend growth is intermediate between the volatility of stock
returns and the volatility of consumption growth. At an annual frequency, for example,

the volatility of real dividend growth is only 6% in the US data.

Quarterly real consumption growth and real dividend growth have a very weak corre-
lation of 0.06 in the US data, but the correlation increases at lower frequencies to just

over 0.25 at a 4-year horizon.

Real consumption growth and real stock returns have a quarterly correlation of 0.22
in the US data. The correlation increases to 0.33 at a 1-year horizon, and declines at

longer horizons.

Quarterly real dividend growth and real stock returns have a very weak correlation of
0.04 in the US data, but the correlation increases dramatically at lower frequencies to

reach 0.51 at a 4-year horizon.

Real US consumption growth is not well forecast by its own history or by the stock
market. The first-order autocorrelation of the quarterly growth rate of real nondurables
and services consumption is a modest 0.2, and the log price-dividend ratio forecasts

less than 5% of the variation of real consumption growth at horizons of 1 to 4 years.

Real US dividend growth has some short-run forecastability arising from the seasonality
of dividend payments. But it is not well forecast by the stock market. The log price-
dividend ratio forecasts no more than about 8% of the variation of real dividend growth

at horizons of 1 to 4 years.



12. The real interest rate has some positive serial correlation; its first-order autocorrelation
in postwar quarterly US data is 0.5. However the real interest rate is not well forecast
by the stock market, since the log price-dividend ratio forecasts less than 1% of the

variation of the real interest rate at horizons of 1 to 4 years.

13. Excess returns on US stock over Treasury bills are highly forecastable. The log price-
dividend ratio forecasts 18% of the variance of the excess return at a 1-year horizon,

34% at a 2-year horizon, and 51% at a 4-year horizon.

These facts raise two important questions for students of macroeconomics and finance.

e Why is the average real stock return so high in relation to the average

short-term real interest rate?

e Why is the volatility of real stock returns so high in relation to the volatility

of the short-term real interest rate?

Mehra and Prescott (1985) call the first question the “equity premium puzzle”.? Finance
theory explains the expected excess return on any risky asset over the riskless interest rate
as the quantity of risk times the price of risk. In a standard consumption-based asset pricing
model of the type studied by Hansen and Singleton (1983), the quantity of stock market risk
is measured by the covariance of the excess stock return with consumption growth, while
the price of risk is the coefficient of relative risk aversion of a representative investor. The
high average stock return and low riskless interest rate (stylized facts 1 and 2) imply that
the expected excess return on stock, the equity premium, is high. But the smoothness of
consumption (stylized fact 5) makes the covariance of stock returns with consumption low;
hence the equity premium can only be explained by a very high coefficient of risk aversion.

Shiller (1982), Hansen and Jagannathan (1991), and Cochrane and Hansen (1992) have

related the equity premium puzzle to the volatility of the stochastic discount factor, or

2For excellent recent surveys, see Cochrane and Hansen (1992) or Kocherlakota (1996).



equivalently the volatility of the intertemporal marginal rate of substitution of a represen-
tative investor. Expressed in these terms, the equity premium puzzle is that an extremely
volatile stochastic discount factor is required to match the ratio of the equity premium to
the standard deviation of stock returns (the Sharpe ratio of the stock market).

Some authors, such as Kandel and Stambaugh (1991), have responded to the equity pre-
mium puzzle by arguing that risk aversion is indeed much higher than traditionally thought.
However this can lead to the “riskfree rate puzzle” of Weil (1989). If investors are very risk
averse, then they have a strong desire to transfer wealth from periods with high consump-
tion to periods with low consumption. Since consumption has tended to grow steadily over
time, high risk aversion makes investors want to borrow to reduce the discrepancy between
future consumption and present consumption. To reconcile this with the low real interest
rate we observe, we must postulate that investors are extremely patient; their preferences
give future consumption almost as much weight as current consumption, or even greater
weight than current consumption. In other words they have a low or even negative rate of
time preference.

I will call the second question the “stock market volatility puzzle”. To understand the
puzzle, it is helpful to classify the possible sources of stock market volatility. Recall first that
prices, dividends, and returns are not independent but are linked by an accounting identity.
If an asset’s price is high today, then either its dividend must be high tomorrow, or its return
must be low between today and tomorrow, or its price must be even higher tomorrow. If
one excludes the possibility that an asset price can grow explosively forever in a “rational
bubble”, then it follows that an asset with a high price today must have some combination of
high dividends over the indefinite future and low returns over the indefinite future. Investors
must recognize this fact in forming their expectations, so when an asset price is high investors
expect some combination of high future dividends and low future returns. Movements in
prices must then be associated with some combination of changing expectations (“news”)
about future dividends and changing expectations about future returns; the latter can in

turn be broken into news about future riskless real interest rates and news about future



excess returns on stocks over short-term debt.

Until the early 1980’s, most financial economists believed that there was very little pre-
dictable variation in stock returns and that dividend news was by far the most important
factor driving stock market fluctuations. LeRoy and Porter (1981) and Shiller (1981) chal-
lenged this orthodoxy by pointing out that plausible measures of expected future dividends
are far less volatile than real stock prices. Their work is related to stylized facts 6, 9, and
11.

Later in the 1980’s Campbell and Shiller (1988a,b), Fama and French (1988a,b, 1989),
Poterba and Summers (1988) and others showed that real stock returns are highly fore-
castable at long horizons. The variables that predict returns are ratios of stock prices to
scale factors such as dividends, earnings, moving averages of earnings, or the book value of
equity. When stock prices are high relative to these scale factors, subsequent long-horizon
real stock returns tend to be low. This predictable variation in stock returns is not matched
by any equivalent variation in long-term real interest rates, which are comparatively stable
and do not seem to move with the stock market. In the late 1970’s, for example, real inter-
est rates were unusually low yet stock prices were depressed, implying high forecast stock
returns; the 1980°s saw much higher real interest rates along with buoyant stock prices, im-
plying low forecast stock returns. Thus excess returns on stock over Treasury bills are just
as forecastable as real returns on stock. This work is related to stylized facts 12 and 13.
Campbell (1991) uses this evidence to show that the great bulk of stock market volatility is
associated with changing forecasts of excess stock returns. Changing forecasts of dividend
growth and real interest rates are much less important empirically.

The stock market volatility puzzle is closely related to the equity premium puzzle. A
complete model of stock market behavior must explain both the average level of stock prices
and their movements over time. One strand of work on the equity premium puzzle makes
this explicit by studying not the consumption covariance of measured stock returns, but the
consumption covariance of returns on hypothetical assets whose dividends are determined by

consumption. The same model is used to generate both the volatility of stock prices and the



implied equity premium. This was the approach of Mehra and Prescott (1985), and many
subsequent authors have followed their lead.

Unfortunately, it is not easy to construct a general equilibrium model that fits all the
stylized facts given above. The standard model of Mehra and Prescott (1985) gets variation
in stock price-dividend ratios only from predictable variation in consumption growth which
moves the expected dividend growth rate and the riskless real interest rate. The model is
not consistent with the empirical evidence for predictable variation in excess stock returns.
Bond market data pose a further challenge to this standard model of stock returns. In the
model, stocks behave very much like long-term real bonds; both assets are driven by long-
term movements in the riskless real interest rate. Thus parameter values that produce a
large equity premium tend also to produce a large term premium on real bonds. While there
is no direct evidence on real bond premia, nominal bond premia have historically been much
smaller than equity premia.

Since the data suggest that predictable variation in excess returns is an important source
of stock market volatility, researchers have begun to develop models in which the quantity of
stock market risk or the price of risk change through time. ARCH models and other econo-
metric methods show that the conditional variance of stock returns is highly variable. If this
conditional variance is an adequate proxy for the quantity of stock market risk, then perhaps
it can explain the predictability of excess stock returns. There are several problems with
this approach. First, changes in conditional variance are most dramatic in daily or monthly
data and are much weaker at lower frequencies. There is some business-cycle variation in
volatility, but it does not seem strong enough to explain large movements in aggregate stock
prices (Bollerslev, Chou, and Kroner 1992, Schwert 1989). Second, forecasts of excess stock
returns do not move proportionally with estimates of conditional variance (Harvey 1989,
1991, Chou, Engle, and Kane 1992). Finally, one would like to derive stock market volatility
endogenously within a model rather than treating it as an exogenous variable. There is little
evidence of cyclical variation in consumption or dividend volatility that could explain the

variation in stock market volatility.



A more promising possibility is that the price of risk varies over time. Time-variation in
the price of risk arises naturally in a model with a representative agent whose utility displays
habit-formation. Campbell and Cochrane (1997), building on the work of Abel (1990),
Constantinides (1990), and others, have proposed a simple asset pricing model of this sort.
Campbell and Cochrane suggest that assets are priced as if there were a representative agent
whose utility is a power function of the difference between consumption and “habit”, where
habit is a slow-moving nonlinear average of past aggregate consumption. This utility function
makes the agent more risk-averse in bad times, when consumption is low relative to its past
history, than in good times, when consumption is high relative to its past history. Stock
market volatility is explained by a small amount of underlying consumption (dividend) risk,
amplified by variable risk aversion; the equity premium is explained by high stock market
volatility, together with a high average level of risk aversion.

Time-variation in the price of risk can also arise from the interaction of heterogeneous
agents. Constantinides and Duffie (1996) develop a simple framework with many agents who
have identical utility functions but heterogenevous streams of labor income; they show how
changes in the cross-sectional distribution of income can generate any desired behavior of
the market price of risk. Grossman and Zhou (1996) and Wang (1995) move in a somewhat
different direction by exploring the interactions of agents who have different levels of risk
aversion.

Some aspects of asset market behavior could also be explained by irrational expectations
of investors. If investors are excessively pessimistic about economic growth, for example, they
will overprice short-term bills and underprice stocks; this would help to explain the equity
premium and riskfree rate puzzles. If investors overestimate the persistence of variations
in economic growth, they will overprice stocks when growth has been high and underprice
them when growth has been low, producing time-variation in the price of risk (Barsky and
De Long 1993).

This chapter has three objectives. First, it tries to summarize recent work on stock price

behavior, much of which is highly technical, in a way that is accessible to a broader pro-



fessional audience. Second, the chapter summarizes stock market data from other countries
and asks which of the US stylized facts hold true more generally. The recent theoretical
literature is used to guide the exploration of the international data. Third, the chapter
systematically compares stock market data with bond market data. This is an important
discipline because some popular models of stock prices are difficult to reconcile with the
behavior of bond prices.

The organization of the chapter is as follows. Section 2 introduces the international
data and reviews stylized facts 1-9 to see which of them apply outside the United States.
(Additional details are given in a Data Appendix available on the author’s web page or
by request from the author.) Section 3 discusses the equity premium puzzle, taking the
volatility of stock returns as given. Section 4 discusses the stock market volatility puzzle.
This section also reviews stylized facts 10-13 in the international data.

Sections 3 and 4 drive one towards the conclusion that the price of risk is both high
and time-varying. It must be high to explain the equity premium puzzle, and it must be
time-varying to explain the predictable variation in stock returns that seems to be responsi-
ble for the volatility of stock returns. Section 5 discusses models which produce this result,
including models with habit-formation in utility, heterogeneous investors, and irrational ex-
pectations. Section 6 draws some implications for other topics in macroeconomics, including

the modelling of investment, labor supply, and the welfare costs of economic fluctuations.



2 International Stock Market Data

The stylized facts described in the previous section apply to postwar quarterly US data. Most
empirical work on stock prices uses this data set, or a longer annual US time series originally
put together by Shiller (1981). But data on stock prices, interest rates, and consumption
are also available for many other countries.

In this chapter I use an updated version of the international developed-country data set
in Campbell (1996a). The data set includes Morgan Stanley Capital International (MSCI)
stock market data covering the period since 1970. I combine the MSCI data with macroe-
conomic data on consumption, short- and long-term interest rates, and the price level from
the International Financial Statistics (IFS) of the International Monetary Fund. For some
countries the IFS data are only available quarterly over a shorter sample period, so I use the
longest available sample for each country. Sample start dates range from 1970.1 to 1982.2,
and sample end dates range from 1995.1 to 1996.4. I work with data from 11 countries:
Australia, Canada, France, Germany, Italy, Japan, the Netherlands, Sweden, Switzerland,
the United Kingdom, and the United States.?

For some purposes it is useful to have data over a much longer span of calendar time.
I have been able to obtain annual data for Sweden over the period 1920-1994 and the UK
over the period 1919-1994 to complement the US annual data for the period 1891-1995. The
Swedish data come from Frennberg and Hansson (1992) and Hassler, Lundvik, Persson, and
Soderlind (1994), while the UK data come from Barclays de Zoete Wedd Securities (1995)
and Economist (1987).*

In working with international stock market data, it is important to keep in mind that

different national stock markets are of very different sizes, both absolutely and in proportion

3The first version of this paper, following Campbell (1996a), also presented data for Spain. However Spain,
unlike the other countries in the sample, underwent a major political change to democratic government during
the sample period, and both asset returns and inflation show dramatic shifts from the 1970’s to the 1980’s. It
seems more conservative to consider Spain as an emerging market and exclude it from the developed-country
data set.

4] acknowledge the invaluable assistance of Bjorn Hansson and Paul Soderlind with the Swedish data,
and David Barr with the UK data. Full details about the construction of the quarterly and annual data are
given in a Data Appendix available on the author’s web page or by request from the author.



to national GDP’s. Table 1 illustrates this by reporting several measures of stock market
capitalization for the quarterly MSCI data. Column 1 gives the market capitalization for
each country’s MSCI index at the end of 1993, in billions of $US. Column 2 gives the
market capitalization for each country as a fraction of its GDP. Column 3 gives the market
capitalization for each country as a fraction of the US MSCI index capitalization. Column
4 gives the market capitalization for each country as a fraction of the value-weighted world
MSCI index capitalization. Since the MSCI index for the United States is only a subset
of the US market, the last row of the table gives the same statistics for the value-weighted
index of New York Stock Exchange and American Stock Exchange stocks reported by the
Center for Research in Security Prices (CRSP) at the University of Chicago.

Table 1 shows that most countries’ stock markets are dwarfed by the US market. Column
3, for example, shows that the Japanese MSCI index is worth only 65% of the US MSCI
index, the UK MSCI index is worth only 30% of the US index, the French and German
MSCI indexes are worth only 11% of the US index, and all other countries’ indexes are
worth less than 10% of the US index. Column 4 shows that the US and Japan together
account for 66% of the world market capitalization, while the US, Japan, the UK, France,
and Germany together account for 86%. In interpreting these numbers one must keep in
mind that the MSCI indexes do not cover the whole market in each country (the US MSCI
index, for example, is worth about half the US CRSP index), but they do give a guide to
relative magnitudes across countries.

Table 1 also shows that different countries’ stock market values are very different as a
fraction of GDP. If one thinks that total wealth-output ratios are likely to be fairly constant
across countries, then this indicates that national stock markets are very different fractions
of total wealth in different countries. In highly capitalized countries such as the UK and
Switzerland, the MSCI index accounts for about 80% of GDP, whereas in Germany and Italy
it accounts for less than 20% of GDP. The theoretical convention of treating the stock market

as a claim to total consumption, or as a proxy for the aggregate wealth of an economy, makes
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much more sense in the highly capitalized countries.®

Table 2 reports summary statistics for international asset returns. For each country the
table reports the mean, standard deviation, and first-order autocorrelation of the real stock
return and the real return on a short-term debt instrument.® Both means and standard de-
viations are given in annualized percentage points. To annualize the raw quarterly numbers,
means are multiplied by 400 while standard deviations are multiplied by 200 (since standard
deviations increase with the square root of the time interval in serially uncorrelated data).

The first line of Table 2 gives numbers for the standard postwar quarterly US data set
summarized in the introduction. The next panel gives numbers for the 11-country quarterly
MSCI data, and the bottom panel gives numbers for the long-term annual data sets. The
table shows that the first four stylized facts given in the introduction are fairly robust across
countries.

1. Stock markets have delivered average real returns of 5% or better in almost every
country and time period. The exceptions to this occur in short-term quarterly data, and
are concentrated in markets that are particularly small relative to GDP (Italy), or that
predominantly represent claims on natural resources (Australia and Canada).

2. Short-term debt has rarely delivered an average real return above 3%. The exceptions
to this occur in two countries, Germany and the Netherlands, whose sample periods begin
in the late 1970’s and thus exclude much of the surprise inflation of the oil-shock period.

3. The annualized standard deviation of stock returns ranges from 15% to 27%. It is
striking that the market with the highest volatility, Italy, is the smallest market relative to
GDP and the one with the lowest average return.

4. In quarterly data the annualized volatility of real returns on short debt is around
3% for the UK, Italy, and Sweden, around 2.5% for Australia and Japan, and below 2% for

all other countries. Volatility is higher in long-term annual data because of large swings in

5Stock ownership also tends to be much more concentrated in the countries with low capitalization. La
Porta, Lopez-de-Silanes, Shleifer, and Vishny (1997) have related these international patterns to differences
in the protections afforded outside investors by different legal systems.

6As explained in the Data Appendix, the best available short-term interest rate is sometimes a Treasury
bill rate and sometimes another money market interest rate.
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inflation in the interwar period, particularly in 1919-21. Much of the volatility in these real
returns is probably due to unanticipated inflation and does not refiect volatﬂity in the ex
ante real interest rate.

These numbers show that high average stock returns, relative to the returns on short-
term debt, are not unique to the United States but characterize many other countries as
well. Recently a number of authors have suggested that average excess returns in the US
may be overstated by sample selection or survivorship bias. If economists study the US
because it has had an unusually successful economy, then sample average US stock returns
may overstate the true mean US stock return. Brown, Goetzmann, and Ross (1995) present
a formal model of this effect. While survivorship bias may affect data from all the countries
included in Table 2, it is reassuring that the stylized facts are so consistent across these
countries.”

Table 3 turns to data on aggregate consumption and stock market dividends. The table
is organized in the same way as Table 2. It illustrates the robustness of two more of the
stylized facts given in the introduction.

5. In the postwar period the annualized standard deviation of real consumption growth
is never above 3%. This is true even though data are used on total consumption, rather
than nondurables and services consumption, for all countries other than the US. Even in
the longer annual data, which include the turbulent interwar period, consumption volatility
slightly exceeds 3% only in the US.

6. The volatility of dividend growth is much greater than the volatility of consumption
growth, but generally less than the volatility of stock returns. The exceptions to this occur
in countries with highly seasonal dividend payments; these countries have large negative
autocorrelations for quarterly dividend growth and much smaller volatility when dividend
growth is measured over a full year rather than over a quarter.

Table 4 reports the contemporaneous correlations among real consumption growth, real

"Goetzmann and Jorion (1997) consider international stock-price data from earlier in the 20th Century
and argue that the long-term average real growth rate of stock prices has been higher in the US than
elsewhere. However they do not have data on dividend yields, which are an important component of total
return and are likely to have been particularly important in Europe during the troubled interwar period.
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dividend growth, and stock returns. It turns out that these correlations are somewhat sensi-
tive to the timing convention used for consumption. A timing convention is needed because
the level of consumption is a flow during a quarter rather than a point-in-time observation;
that is, the consumption data are time-averaged.® If we think of a given quarter’s con-
sumption data as measuring consumption at the beginning of the quarter, then consumption
growth for the quarter is next quarter’s consumption divided by this quarter’s consumption.
If on the other hand we think of the consumption data as measuring consumption at the
end of the quarter, then consumption growth is this quarter’s consumption divided by last
quarter’s consumption. Table 4 uses the former, “beginning-of-quarter” timing convention
because this produces a higher contemporaneous correlation between consumption growth
and stock returns.

The timing convention has less effect on correlations when the data are measured at
longer horizons. Table 4 also shows how the correlations among real consumption growth,
real dividend growth, and real stock returns vary with the horizon. Each pairwise correlation
among these series is calculated for horizons of 1, 4, 8, and 16 quarters in the quarterly data
and for horizons of 1, 2, 4, and 8 years in the long-term annual data. The table illustrates
three more stylized facts from the introduction.

7. Real consumption growth and dividend growth are generally weakly positively corre-
lated in the quarterly data. In many countries the correlation increases strongly with the
measurement horizon. However long-horizon correlations remain close to zero for Australia
and Switzerland, and are substantially negative for Italy (with a very small stock market) and
Japan (with anomalous dividend behavior). The correlations of consumption and dividend
growth are positive and often quite large in the longer-term annual data sets.

8. The correlations between real consumption growth rates and stock returns are quite

8Time-averaging is one of a number of interrelated issues that arise in relating measured consumption data
to the theoretical concept of consumption. Other issues include measurement error, seasonal adjustment,
and the possibility that some goods classified as nondurable in the national income accounts are in fact
durable. Grossman, Melino, and Shiller (1987), Wheatley (1988), Miron (1986), and Heaton (1995) handle
time-averaging, measurement error, seasonality, and durability, respectively, in a much more careful way
than is possible here, while Wilcox (1992) provides a detailed account of the sampling procedures used to
construct US consumption data.
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variable across countries. They tend to be somewhat higher in high-capitalization countries
(with the notable exception of Switzerland), which is consistent with the view that stock
returns proxy more accurately for wealth returns in these countries. Correlations typically
increase with the measurement horizon out to 1 or 2 years, and are moderately positive in
the longer-term annual data sets.

9. The correlations between real dividend growth rates and stock returns are small at a
quarterly horizon but increase dramatically with the horizon. This pattern holds in every
country. The correlations also increase strongly with the horizon in the longer-term annual
data.

After this preliminary look at the data, [ now use some simple finance theory to interpret

the stylized facts.
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3 The Equity Premium Puzzle

3.1 The Stochastic Discount Factor

To understand the equity premium puzzle, consider the intertemporal choice problem of an
investor, indexed by k, who can trade freely in some asset ¢ and can obtain a gross simple
rate of return (1+ R; :+1) on the asset held from time ¢ to time ¢+ 1. If the investor consumes
C,, at time ¢ and has time-separable utility with discount factor § and period utility U(Ci:),

then her first-order condition is
U'(Cre) = 6E: [(L + Ri31)U'(Cr)] - (1)

The left hand side of (1) is the marginal utility cost of consuming one real dollar less at time
t; the right hand side is the expected marginal utility benefit from investing the dollar in
asset 7 at time ¢, selling it at time ¢ + 1, and consuming the proceeds. The investor equates
marginal cost and marginal benefit, so (1) must describe the optimum.

Dividing (1) by U’'(Cy:) yields

U'(Cki41)

1=E |1+ R; )
¢ |( 1) U'(Cre)

=E/[(1 + Ri41) Miaya] (2)

where My 141 = 8U'(Ci141)/U'(Ct) is the intertemporal marginal rate of substitution of the
investor, also known as the stochastic discount factor. This way of writing the model in
discrete time is due originally to Grossman and Shiller (1981), while the continuous-time
version of the model is due to Breeden (1979). Cochrane and Hansen (1992) and Hansen
and Jagannathan (1991) have developed the implications of the discrete-time model in detail.

The derivation just given for equation (2) assumes the existence of an investor maximizing
a time-separable utility function, but in fact the equation holds more generally. The existence
of a positive stochastic discount factor is guaranteed by the absence of arbitrage in markets in
which non-satiated investors can trade freely without transactions costs. In general there can
be many such stochastic discount factors—for example, different investors k whose marginal
utilities follow different stochastic processes will have different My 41—but each stochastic

discount factor must satisfy equation (2). It is common practice to drop the subscript & from
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this equation and simply write

1=E,[(1 + Riss1) Mis1] - (3)

In complete markets the stochastic discount factor M,;y; is unique because investors can
trade with one another to eliminate any idiosyncratic variation in their marginal utilities.
To understand the implications of (3) it is helpful to write the expectation of the product

as the product of expectations plus the covariance,
Et[(l + Ri,f+1) Mt+1] = Et[(l + Ri,t+l)]Et[Mt+1] + COVt[Ri,t+1, Mt+l]' (4)

Substituting into (3) and rearranging gives

1— COVt [Ri,H-la Mt+1]
E[Mi] ‘

1+ Ey[Ris41] = (5)

An asset with a high expected simple return must have a low covariance with the stochastic
discount factor. Such an asset tends to have low returns when investors have high marginal
utility. It is risky in that it fails to deliver wealth precisely when wealth is most valuable to
investors. Investors therefore demand a large risk premium to hold it.

Equation (5) must hold for any asset, including a riskless asset whose gross simple return
is 1 + R;441. Since the simple riskless return has zero covariance with the stochastic discount
factor (or any other random variable), it is just the reciprocal of the expectation of the
stochastic discount factor:

1

= —— 6
14+ Ry B M) (6)

This can be used to rewrite (5) as
L+ Ei[Rigr] = (1+ Rye)(1 = Cove[Ripr, Mup]). (7)

For simplicity I now follow Hansen and Singleton (1983) and assume that the joint con-
ditional distribution of asset returns and the stochastic discount factor is lognormal and
homoskedastic. While these assumptions are not literally realistic—stock returns in particu-
lar have fat-tailed distributions with variances that change over time—they do make it easier

to discuss the main forces that should determine the equity premium.
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When a random variable X is conditionally lognormally distributed, it has the convenient
property that
log E,X = E;log X + 1Var,log X , (8)

where Var, log X = E;[(log X — E,log X)?]. If in addition X is conditionally homoskedastic,
then Var; log X = E[(log X —E, log X)?] = Var(log X —E,log X). Thus with joint conditional
lognormality and homoskedasticity of asset returns and consumption, I can take logs of (3)

and obtain
0=Eirits1 + Eimepn + (%) [01-2 + 0,2,1 + 204m] - (9)

Here m, = log(M,) and r;; = log(1 + Ry), while o2 denotes the unconditional variance of log
return innovations Var(r; ;41— BT 41), 02, denotes the unconditional variance of innovations
to the stochastic discount factor Var(m;y; — Eymet1), and oy, denotes the unconditional
covariance of innovations Cov(r; 41 — By i1, mysr — Egmggr).

Equation (9) has both time-series and cross-sectional implications. Consider first an asset
with a riskless real return r;.1. For this asset the return innovation variance 0% and the
covariance oy, are both zero, so the riskless real interest rate obeys

2

Tfi+1 = —Eth.] - '2ﬂ . (10)

This equation is the log counterpart of (6).
Subtracting (10) from (9) yields an expression for the expected excess return on risky
assets over the riskless rate:
2

O'.
Eiriter — o] + ?1 = —Oim - (11)

The variance term on the left hand side of (11) is a Jensen’s Inequality adjustment arising
from the fact that we are describing expectations of log returns. This term would disappear
if we rewrote the equation in terms of the log expectation of the ratio of gross simple returns:
log E¢[(1 + Risy1)/(1 + By141)] = —0im. The right hand side of (11) says that the log risk
premium is determined by the negative of the covariance of the asset with the stochastic

discount factor. This equation is the log counterpart of (7).
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The covariance o, can be written as the product of the standard deviation of the asset
return o;, the standard deviation of the stochastic discount factor o,,, and the correlation
between the asset return and the stochastic discount factor pi,. Since pim = —1, —0im =

0i0n. Substituting into (11),

> Et[ri‘t+1 - Tf,t+1] + U?/Q

> (12)

Om
O

This inequality was first derived by Shiller (1982); a multi-asset version was derived by
Hansen and Jagannathan (1991) and developed further by Cochrane and Hansen (1992).
The right hand side of (12) is the excess return on an asset, adjusted for Jensen’s Inequality,
divided by the standard deviation of the asset’s return—a logarithmic Sharpe ratio for the
asset. (12) says that the standard deviation of the log stochastic discount factor must be
greater than this Sharpe ratio for all assets z, that is, it must be greater than the maximum
possible Sharpe ratio obtainable in asset markets.

Table 5 uses (12) to illustrate the equity premium puzzle. For each data set the first
column of the table reports the average excess return on stock over short-term debt, adjusted
for Jensen’s Inequality by adding one-half the sample variance of the excess log return to get
a sample estimate of the numerator in (12). This adjusted average excess return is multiplied
by 400 to express it in annualized percentage points. The second column of the table gives
the annualized standard deviation of the excess log stock return, a sample estimate of the
denominator in (12). This standard deviation was reported earlier in Table 2. The third
column gives the ratio of the first two columns, multiplied by 100; this 1s a sample estimate
of the lower bound on the standard deviation of the log stochastic discount factor, expressed
in annualized percentage points. In the postwar US data the estimated lower bound 1s a
standard deviation greater than 50% a year; in the other quarterly data sets it 1s below
10% for Italy, between 15% and 20% for Australia and Canada, and above 30% for all the
other countries. In the long-run annual data sets the lower bound on the standard deviation

exceeds 30% for all three countries.
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3.2 Consumption-Based Asset Pricing with Power Utility

To understand why these numbers are disturbing, I now follow Mehra and Prescott (1985)
and other classic papers on the equity premium puzzle and assume that there is a represen-
tative agent who maximizes a time-separable power utility function defined over aggregate

consumption Cj:

U(Cy) = T (13)

where ~ is the coefficient of relative risk aversion. This utility function has several important
properties. First, it is scale-invariant; with constant return distributions, risk premia do not
change over time as aggregate wealth and the scale of the economy increase. Related to this,
if different investors in the economy have different wealth levels but the same power utility
function, then they can be aggregated into a single representative investor with the same
utility function as the individual investors. A possibly less desirable property of power utility
is that the elasticity of intertemporal substitution, which I write as 1, is the reciprocal of the
coeficient of relative risk aversion ~. Epstein and Zin (1991) and Weil (1989) have proposed
a more general utility specification that preserves the scale-invariance of power utility but
breaks the tight link between the coefficient of relative risk aversion and the elasticity of
intertemporal substitution. I discuss this form of utility in section 3.4 below.

Power utility implies that marginal utility U'(Cy) = C; ", and the stochastic discount
factor My41 = 6(Cy41/C,)~". The assumption made previously that the stochastic discount
factor is conditionally lognormal will be implied by the assumption that aggregate consump-
tion is conditionally lognormal (Hansen and Singleton 1983). Making this assumption for
expositional convenience, the log stochastic discount factor is m4y = log(8) — vAcit1, where

¢, = log(Cy), and (9) becomes
0 = Etri,t+1 =+ 10g6 - V'EtACH—l + (%) [o’f + »),20'3 — 2")/0’1'C] . (14)
Here o2 denotes the unconditional variance of log consumption innovations Var(c,41—E;¢i41),

and o;, denotes the unconditional covariance of innovations Cov (7 141 =i 141, ¢i41 —Eice1)-
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Equation (10) now becomes
2,2

loa
T+l = —lOg(S + ’7EtACt+1 — ’}Tc . (15)

This equation says that the riskless real rate is linear in expected consumption growth, with
slope coefficient equal to the coefficient of relative risk aversion. The conditional variance of
consumption growth has a negative effect on the riskless rate which can be interpreted as a
precautionary savings effect.
Equation (11) becomes
2

o
Eilriser —rpen) + ?l = Y0ic . (16)

The log risk premium on any asset is the coefficient of relative risk aversion times the
covariance of the asset return with consumption growth. Intuitively, an asset with a high
consumption covariance tends to have low returns when consumption is low, that is, when
the marginal utility of consumption is high. Such an asset is risky and commands a large
risk premium.

Table 5 uses (16) to illustrate the equity premium puzzle. As already discussed, the first
column of the table reports a sample estimate of the left hand side of (16), multiplied by
400 to express it in annualized percentage points. The second column reports the annual-
ized standard deviation of the excess log stock return (given earlier in Table 2), the fourth
column reports the annualized standard deviation of consumption growth (given earlier in
Table 3), the fifth column reports the correlation between the excess log stock return and
consumption growth, and the sixth column gives the product of these three variables which
is the annualized covariance ;. between the log stock return and consumption growth.

Finally, the table gives two columns with implied risk aversion coefficients. The column
headed RRA(1) uses (16) directly, dividing the adjusted average excess return by the es-

timated covariance to get estimated risk aversion.® The column headed RRA(2) sets the

9The calculation is done correctly, in natural units, even though the table reports average excess returns

and covariances in percentage point units. Equivalently, the ratio of the quantities given in the table is
multiplied by 100.
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correlation of stock returns and consumption growth equal to one before calculating risk
aversion. While this is of course a counterfactual exercise, it is a valuable diagnostic because
it indicates the extent to which the equity premium puzzle arises from the smoothness of
consumption rather than the low correlation between consumption and stock returns. The
correlation is hard to measure accurately because it is easily distorted by short-term mea-
surement errors in consumption, and Table 4 indicates that the sample correlation is quite
sensitive to the measurement horizon. By setting the correlation to one, the RRA(2) column
indicates the extent to which the equity premium puzzle is robust to such issues. A corre-
lation of one is also implicitly assumed in the volatility bound for the stochastic discount
factor, (12), and in many calibration exercises such as Mehra and Prescott (1985), Campbell
and Cochrane (1997), or Abel (1996).

Table 5 shows that the equity premium puzzle is a robust phenomenon in international
data. The coefficients of relative risk aversion in the RRA(1) column are generally extremely
large. They are usually many times greater than 10, the maximum level considered plausible
by Mehra and Prescott (1985). In a few cases the risk aversion coefficients are negative
because the estimated covariance of stock returns with consumption growth is negative,
but in these cases the covariance is extremely close to zero. Even when one ignores the
low correlation between stock returns and consumption growth and gives the model its
best chance by setting the correlation to one, the RRA(2) column still has risk aversion
coefficients above 10 in most cases. Thus the fact shown in Table 4, that for some countries
the correlation of stock returns and consumption increases with the horizon, is unable by
itself to resolve the equity premium puzzle.

The risk aversion estimates in Table 5 are of course point estimates and are subject
to sampling error. No standard errors are reported for these estimates. However authors
such as Cecchetti, Lam, and Mark (1993) and Kocherlakota (1996), studying the long-run
annual US data, have found small enough standard errors that they can reject risk aversion
coefficients below about 8 at conventional significance levels.

Of course, the validity of these tests depends on the characteristics of the data set in
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which they are used. Rietz (1988) has argued that there may be a peso problem in these
data. A peso problem arises when there is a small positive probability of an important event,
and investors take this probability into account when setting market prices. If the event does
not occur in a particular sample period, investors will appear irrational in the sample and
economists will misestimate their preferences. While it may seem unlikely that this could
be an important problem in 100 years of annual data, Rietz (1988) argues that an economic
catastrophe that destroys almost all stock-market value can be extremely unlikely and yet
have a major depressing effect on stock prices.

One difficulty with this argument is that it requires not only a potential catastrophe,
but one which affects stock market investors more seriously than investors in short-term
debt instruments. Many countries that have experienced catastrophes, such as Russia or
Germany, have seen very low returns on short-term government debt as well as on equity.
A peso problem that affects both asset returns equally will affect estimates of the average
levels of returns but not estimates of the equity premium.?* The major example of a disaster
for stockholders that did not negatively affect bondholders is the Great Depression of the
early 1930’s, but of course this is included in the long-run annual data for Sweden, the UK,
and the US, all of which display an equity premium puzzle.

Also, the consistency of the results across countries requires investors in all countries
to be concerned about catastrophes. If the potential catastrophes are uncorrelated across
countries, then it becomes less likely that the data set includes no catastrophes; thus the
argument seems to require a potential international catastrophe that affects all countries

simultaneously.

0This point is relevant for the study of Goetzmann and Jorion (1997). These authors measure average
growth rates of real stock prices, as a proxy for real stock returns, but they do not look at real returns on
short-term debt. They find low real stock-price growth rates in many countries in the early 20th Century;
in some cases these may have been accompanied by low returns to holders of short-term debt. Note also
that stock-price growth rates are a poor proxy for total stock returns in periods where investors expect low
growth rates, since dividend yields will tend to be higher in such periods.
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3.3 The Riskfree Rate Puzzle

One response to the equity premium puzzle is to consider larger values for the coefficient of
relative risk aversion v. Kandel and Stambaugh (1991) have advocated this.'! However this
leads to a second puzzle. Equation (15) implies that the unconditional mean riskless interest

rate 1s
2 2
UC

2

where ¢ is the mean growth rate of consumption. Since g is positive, as shown in Table 3,

(17)

Erjen = —logé+7g — -

high values of v imply high values of vg. Ignoring the term —4?¢2/2 for the moment, this
can be reconciled with low average short-term real interest rates, shown in Table 2, only if
the discount factor 6 is close to or even greater than one, corresponding to a low or even
negative rate of time preference. This is the riskfree rate puzzle emphasized by Weil (1989).

Intuitively, the riskfree rate puzzle is that if investors are risk-averse then with power
utility they must also be extremely unwilling to substitute intertemporally. Given positive
average consumption growth, a low riskless interest rate and a high rate of time preference,
such investors would have a strong desire to borrow from the future to reduce their average
consumption growth rate. A low riskless interest rate is possible in equilibrium only if
investors have a low or negative rate of time preference that reduces their desire to borrow.!?

Of course, if the risk aversion coefficient v is high enough then the negative quadratic
term —y202%/2 in equation (17) dominates the linear term and pushes the riskless interest
rate down again. The quadratic term reflects precautionary savings; risk-averse agents with
uncertain consumption streams have a precautionary desire to save, which can work against
their desire to borrow. But a reasonable rate of time preference is obtained only as a knife-

edge case.

110One might think that introspection would be sufficient to rule out very large values of v, but Kandel and
Stambaugh (1991) point out that introspection can deliver very different estimates of risk aversion depending
on the size of the gamble considered. This suggests that introspection can be misleading or that some more
general model of utility is needed.

12As Abel (1996) and Kocherlakota (1996) point out, negative time preference is consistent with finite
utility in a time-separable model provided that consumption is growing, and marginal utility shrinking,
sufficiently rapidly. The question is whether negative time preference is plausible.

23



Table 6 illustrates the riskfree rate puzzle in international data. The table first shows the
average riskfree rate from Table 2 and the mean consumption growth rate and standard devi-
ation of consumption growth from Table 3. These moments and the risk aversion coefficients
calculated in Table 5 are substituted into equation (17), and the equation is solved for an
implied time preference rate. The time preference rate is reported in percentage points per
year; it can be interpreted as the riskless real interest rate that would prevail if consumption
were known to be constant forever at its current level, with no growth and no volatility.
Risk aversion coefficients in the RRA(2) range imply negative time preference rates in every
country except Switzerland, whereas larger risk aversion coeflicients in the RRA(1) range
imply time preference rates that are often positive but always implausible and vary wildly
across countries.

An interesting issue is how mismeasurement of average inflation might affect these cal-
culations. There is a growing consensus that in recent years conventional price indices have
overstated true inflation by failing to fully capture the effects of quality improvements, con-
sumer substitution to cheaper retail outlets, and price declines in newly introduced goods.
If inflation is overstated by, say, 1%, the real interest rate is understated by 1%, which by
itself might help to explain the riskfree rate puzzle. Unfortunately the real growth rate of
consumption is also understated by 1%, which worsens the riskfree rate puzzle. When v > 1,
this second effect dominates and understated inflation makes the riskfree rate puzzle even

harder to explain.

3.4 Bond Returns and the Equity Premium and Riskfree Rate
Puzzles

Some authors have argued that the riskfree interest rate is low because short-term government
debt is more liquid than long-term financial assets. Short-term debt is “moneylike” in that
it facilitates transactions and can be traded at minimal cost. The liquidity advantage of

debt reduces its equilibrium return and increases the equity premium (Bansal and Coleman

1996, Heaton and Lucas 1996).
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The difficulty with this argument is that it implies that all long-term assets should have
large excess returns over short-term debt. Long-term government bonds, for example, are
not moneylike and so the liquidity argument implies that they should offer a large term
premium. But historically, the term premium has been many times smaller than the equity
premium. This point is illustrated in Table 7, which reports two alternative measures of the
term premium. The first measure is the average log yield spread on long-term bonds over the
short-term interest rate, while the second is the average quarterly excess log return on long
bonds. In a long enough sample these two averages should coincide if there is no upward or
downward drift in interest rates.

The average yield spread is typically between 0.5% and 1.5%. A notable outlier is Italy,
which has a negative average yield spread in this period. Average long bond returns are
quite variable across countries, reflecting differences in inflationary experiences; however in
no country does the average excess bond return exceed 1.7% per year. Thus both measures
suggest that term premia are far smaller than equity premia.

Table 8 develops this point further by repeating the calculations of Table 5, using bond
returns rather than equity returns. The average excess log return on bonds over short debt,
adjusted for Jensen’s Inequality, is divided by the standard deviation of the excess bond
return to calculate a bond Sharpe ratio which is a lower bound on the standard deviation of
the stochastic discount factor. The Sharpe ratio for bonds is several times smaller than the
Sharpe ratio for equities, indicating that term premia are small even after taking account of
the lower volatility of bond returns.

This finding is not consistent with a strong liquidity effect at the short end of the term
structure, but it is consistent with a consumption-based asset pricing model if bond returns
have a low correlation with consumption growth. Table 8 shows that sample consumption
correlations often are lower for bonds, so that RRA(1) risk aversion estimates for bonds,
which use these correlations, are often comparable to those for equities.

A direct test of the liquidity story is to measure excess returns on stocks over long bonds,

rather than over short debt. If the equity premium is due to a liquidity effect on short-term
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interest rates, then there should be no “equity-bond premium” puzzle. Table 9 carries out
this exercise and finds that the equity-bond premium puzzle is just as severe as the standard

equity premium puzzle.'®

3.5 Separating Risk Aversion and Intertemporal Substitution

Epstein and Zin (1989, 1991) and Weil (1989) use the theoretical framework of Kreps and
Porteus (1978) to develop a more flexible version of the basic power utility model. That model
is restrictive in that it makes the elasticity of intertemporal substitution, ¥, the reciprocal
of the coefficient of relative risk aversion, 7. Yet it is not clear that these two concepts
should be linked so tightly. Risk aversion describes the consumer’s reluctance to substitute
consumption across states of the world and is meaningful even in an atemporal setting,
whereas the elasticity of intertemporal substitution describes the consumer’s willingness to
substitute consumption over time and is meaningful even in a deterministic setting. The
Epstein-Zin-Weil model retains many of the attractive features of power utility but breaks
the link between the parameters v and .

The Epstein-Zin-Weil objective function is defined recursively by
U, = {(1 — 60 46 (E U};{")ﬁ}“”, (18)

where § = (1 —v)/(1 = 1/%). When v = 1/, § = 1 and the recursion (18) becomes linear;
it can then be solved forward to yield the familiar time-separable power utility model.

The intertemporal budget constraint for a representative agent can be written as
Wipr = (1 + Ryq) (W = Cy), (19)

where W4, is the representative agent’s wealth, and (1 + Ry 41) is the gross simple return

on the portfolio of all invested wealth.® This form of the budget constraint is appropriate

13The excess return of equities over bonds must be measured with the appropriate correction for Jensen’s
Inequality. From equation (16), the appropriate measure is the log excess return on equities over short-term
debt, less the log excess return on bonds over short-term debt, plus one-half the variance of the log equity
return, less one-half the variance of the log bond return.

This is often called the “market” return and written R, ;4+1, but I have already used m to denote the
stochastic discount factor so I write Ry ;41 to avoid confusion.
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for a complete-markets model in which wealth includes human capital as well as financial
assets. Epstein and Zin use dynamic programming arguments to show that (18) and (19)

together imply an Euler equation of the form

Con) ¥ R
1=E, {6(—6—{—) }{m} (14 Ries1)] - (20)

If T assume that asset returns and consumption are homoskedastic and jointly lognormal,

then this implies that the riskless real interest rate is

1 6—1 0
T = —logé + —JEt[ActH] + 5 ol — e al. (21)

The riskless interest rate is a constant, plus 1/1 times expected consumption growth. In the
power utility model, 1/¢) = v and § = 1, so (21) reduces to (15).
The premium on risky assets, including the wealth portfolio itself, is

o2

Tic
Eilrise1] = rpagr + Ez = ? + (1 — 0)oiy. (22)

This says that the risk premium on asset i is a weighted combination of asset ¢’s covariance
with consumption growth (divided by the elasticity of intertemporal substitution ) and
asset 1’s covariance with the return on wealth. The weights are § and 1 — 6 respectively. The
Epstein-Zin-Weil model thus nests the consumption CAPM with power utility (6 = 1) and
the traditional static CAPM (¢ = 0).

Equations (21) and (22) seem to indicate that Epstein-Zin-Weil utility might be helpful
in resolving the equity premium and riskfree rate puzzles. First, in (21) a high risk aversion

coefficient does not necessarily imply a low average riskiree rate, because

0-1, 6

2
2 UW_E;EEO‘C'

Emﬁﬁ?4%5+%+ (23)

The average consumption growth rate is divided by % here, and in the Epstein-Zin-Weil
framework 1 need not be small even if v is large.
Second, (22) suggests that it might not even be necessary to have a high risk aversion

coefficient to explain the equity premium. If § # 1, then the risk premium on an asset is
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determined in part by its covariance with the wealth portfolio, o;,. If the return on wealth
is more volatile than consumption growth, as implied by the common use of a stock index
return as a proxy for the return on wealth, then ¢;,, may be much larger than o;., and this
may help to explain the equity premium.

Unfortunately, there are serious difficulties with both these potential escape routes from
the equity premium and riskfree rate puzzles. The difficulty with the first is that there is
direct empirical evidence for a low elasticity of intertemporal substitution in consumption.
The difficulty with the second is that consumption and wealth are linked through the in-
tertemporal budget constraint; if consumption is smooth and wealth is volatile, this itself is
a puzzle that must be explained, not an exogenous fact that can be used to resolve other
puzzles. 1 now develop these points in detail by analyzing the dynamic behavior of stock

returns and short-term interest rates in relation to consumption.
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4 The Dynamics of Asset Returns and Consumption
4.1 Time-Variation in Conditional Expectations

Equations (21) and (22) imply a tight link between rational expectations of asset returns
and of consumption growth. Expected asset returns are perfectly correlated with expected
consumption growth, with a standard deviation 1/ times as large. Equivalently, the stan-
dard deviation of expected consumption growth is ¢ times as large as the standard deviation
of expected asset returns.

This suggests a way to estimate 1». Hansen and Singleton (1983), followed by Campbell
and Mankiw (1989), Hall (1988), and others, have proposed an instrumental variables (IV)
regression approach. If we define an error term7; 441 = ri 41 —Eifrisp]—7(Aciy—Ey [Acii]),

then we can rewrite (21) and (22) as a regression equation,

1
Tit41 = Mi + (E) Acipr + Nigt- (24)

In general the error term ;.41 will be correlated with realized consumption growth so OLS
is not an appropriate estimation method. However 7;4, is uncorrelated with any variables
in the information set at time ¢. Hence any lagged variables correlated with asset returns
can be used as instruments in an IV regression to estimate 1/%.

Table 10 illustrates two-stage least squares estimation of (24). In each panel the first
set of results uses the short-term real interest rate, while the second set uses the real stock
return. The instruments are the asset return, the consumption growth rate, and the log
price-dividend ratio. The instruments are lagged twice to avoid difficulties caused by time-
aggregation of the consumption data (Campbell and Mankiw 1989, 1991, Wheatley 1988).

For each asset and set of instruments, the table first reports the R? statistics and signifi-
cance levels for first-stage regressions of the asset return and consumption growth rate onto
the instruments. The table then shows the IV estimate of 1/¢ with its standard error, and
(in the column headed “Test (1)”) the R? statistic for a regression of the residual on the
instruments together with the associated significance level of a test of the over-identifying

restrictions of the model.
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The quarterly results in Table 10 show that the short-term real interest rate is highly
forecastable in every country except Germany. The real stock return is also forecastable
in many countries, but there is weaker evidence for forecastability in consumption growth.
In fact the R? statistic for forecasting consumption growth is lower than the R? statistic
for stock returns in all but four of the quarterly data sets. The IV estimates of 1/ are
very imprecise; they are sometimes large and positive, often negative, but they are almost
never significantly different from zero. The overidentifying restrictions of the model are often
strongly rejected, particularly when the short-term interest rate 1s used in the model. Results
are similar for the annual data sets in Table 10, except that twice-lagged instruments have
almost no ability to forecast real interest rates or stock returns in the annual US data.!®

Campbell and Mankiw (1989, 1991) have explored this regression in more detail, using
both US and international data, and have found that predictable variation in consumption
growth is often associated with predictable variation in income growth. This suggests that
some consumers keep their consumption close to their income, either because they follow
“rules of thumb”, or because they are liquidity-constrained, or because they are “bufter-
stock” savers (Deaton 1991, Carroll 1992). After controlling for the effect of predictable
income growth, there is little remaining predictable variation in consumption growth to be
explained by consumers’ response to variation in real interest rates.

One problem with IV estimation of (24) is that the instruments are only very weakly
correlated with the regressor because consumption growth is hard to forecast in this data
set. Nelson and Startz (1990) have shown that in this situation asymptotic theory can be
a poor guide to inference in finite samples; the asymptotic standard error of the coefficient
tends to be too small and the overidentifying restrictions of the model may be rejected even

when it is true. To circumvent this problem, one can reverse the regression (24) and estimate

Aciyr = 7i + Prir + Giaer (25)

15Campbell, Lo, and MacKinlay (1997), Table 8.2, shows much greater forecastability of returns using
once-lagged instruments in a similar annual US data set. Even with twice-lagged instruments, US annual
returns become forecastable once one increases the return horizon beyond one year, as shown in Table 12
below.

30



If the orthogonality conditions hold, then the estimate of ¥ in (25) will asymptotically be
the reciprocal of the estimate of 1/1 in (24). In a finite sample, however, if % is small then
IV estimates of (25) will be better behaved than IV estimates of (24).

In Table 7 ¥ is almost always estimated to be close to zero. The estimates are much
more precise than those for 1/1. The overidentifying restrictions of the model are sometimes
rejected, but less often and less strongly than when (24) is estimated. These results suggest
that the elasticity of intertemporal substitution % is small, so that the generality of the
Epstein-Zin-Weil model, which allows 4 to be large even if v is large, does not actually help

one fit the data on consumption and asset returns.'®

4.2 A Loglinear Asset Pricing Framework

In order to understand the second moments of stock returns, it is essential to have a frame-
work relating movements in stock prices to movements in expected future dividends and
discount rates. The present value model of stock prices is intractably nonlinear when ex-
pected stock returns are time-varying, and this has forced researchers to use one of several
available simplifying assumptions. The most common approach is to assume a discrete-state
Markov process either for dividend growth (Mehra and Prescott 1985) or, following Hamilton
(1989), for conditionally expected dividend growth (Abel 1994, 1996, Cecchetti, Lam, and
Mark 1990, 1993, Kandel and Stambaugh 1991). The Markov structure makes it possible to
solve the present value model, but the derived expressions for returns tend to be extremely
complicated and so these papers usually emphasize numerical results derived under specific
numerical assumptions about parameter values.!”

An alternative framework, which produces simpler closed-form expressions and hence is

better suited for an overview of the literature, is the loglinear approximation to the exact

present value model suggested by Campbell and Shiller (1983). Campbell and Shiller’s

16 Attanasio and Weber (1993) and Beaudry and van Wincoop (1996) have argued that this conclusion
depends on the use of aggregate consumption data. They work with cohort-level and state-level data,
respectively, and find some evidence for a larger elasticity of intertemporal substitution.

17A partial exception to this statement is that Abel (1994) derives several analytical results for the first
moments of returns in a Markov model for expected dividend growth.
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loglinear relation between prices, dividends, and returns provides an accounting framework:
High prices must eventually be followed by high future dividends or low future returns, and
high prices must be associated with high expected future dividends or low expected future
returns. Similarly, high returns must be associated with upward revisions in expected future
dividends or downward revisions in expected future returns.

The loglinear approximation starts with the definition of the log return on some asset 2,
riss1 = log(Pisp1+ Digy1) —log(Py). The timing convention here is that prices are measured
at the end of each period so that they represent claims to next period’s dividends. The log
return is a nonlinear function of log prices p;; and p;,4; and and log dividends d; 141, but 1t
can be approximated around the mean log dividend-price ratio, (diy — put), using a first-order

Taylor expansion. The resulting approximation is

Tir1 2 k+ ppigtr + (1 = p)disgr — pir (26)

where p and k are parameters of linearization defined by p = 1/(1 + exp(d;, — pa)) and
= —log(p) — (1 — p)log(1/p — 1). When the dividend-price ratio is constant, then p =
P./(P; + D;), the ratio of the ex-dividend to the cum-dividend stock price. In the postwar
quarterly US data shown in Table 3, the average price-dividend ratio has been 26.4 on an
annual basis, implying that p should be about 0.964 in annual data.!®
The Taylor approximation (26) replaces the log of the sum of the stock price and the
dividend in the exact relation with a weighted average of the log stock price and the log
dividend. The log stock price gets a weight p close to one, while the log dividend gets a
weight 1 — p close to zero because the dividend is on average much smaller than the stock
price, so a given percentage change in the dividend has a much smaller effect on the return
than a given percentage change in the price.
Equation (26) is a linear difference equation for the log stock price. Solving forward, 1m-

posing the terminal condition that lim;_ ¢’ pisy; = 0, taking expectations, and subtracting

18Gtrictly speaking both p and k should have asset subscripts i, but I omit these for simplicity. The
asset pricing formulas later in this chapter assume that all assets have the same p, which simplifies some
expressions but does not change any of the qualitative conclusions.
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the current dividend, one gets

pit — diy = l—f—p + E; i PAD; g1+ = Tigpr4s] - (27)

7=0

This equation says that the log price-dividend ratio is high when dividends are expected
to grow rapidly, or when stock returns are expected to be low. The equation should be
thought of as an accounting identity rather than a behavioral model; it has been obtained
merely by approximating an identity, solving forward subject to a terminal condition, and
taking expectations. Intuitively, if the stock price is high today, then from the definition
of the return and the terminal condition that the stock price is non-explosive, there must
either be high dividends or low stock returns in the future. Investors must then expect some
combination of high dividends and low stock returns if their expectations are to be consistent
with the observed price.

The terminal condition used to obtain (27) is perhaps controversial. Models of “rational
bubbles” do not impose this condition. Blanchard and Watson (1982) and Froot and Obstfeld
(1991) have proposed simple, explicit models of explosive bubbles in asset prices. There are
however several reasons to rule out such bubbles. The theoretical circumstances under
which bubbles can exist are quite restrictive; Tirole (1985), for example, uses an overlapping
generations framework and finds that bubbles can only exist if the economy is dynamically
inefficient, a condition which seems unlikely on prior grounds and which is hard to reconcile
with the empirical evidence of Abel, Mankiw, Summers, and Zeckhauser (1989). Santos and
Woodford (1997) also conclude that the conditions under which bubbles can exist are fragile.
Empirically, bubbles imply explosive behavior of prices in relation to dividends and other
measures of fundamentals; there is no evidence of this, although nonlinear bubble models
are hard to reject using standard linear econometric methods.'®

Equation (27) describes the log price-dividend ratio rather than the log price itself. This
1s a useful way to write the model because in many data sets dividends appear to follow a

loglinear unit root process, so that log dividends and log prices are nonstationary. In this

19Campbell, Lo, and MacKinlay (1997), Chapter 7, gives a somewhat more detailed textbook discussion
of the literature on rational bubbles.
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case changes in log dividends are stationary, so from (27) the log price-dividend ratio is
stationary provided that the expected stock return is stationary. Thus log stock prices and
dividends are cointegrated, and the stationary linear combination of these variables involves
no unknown parameters since it is just the log ratio.

Table 11 reports some summary statistics for international stock prices in relation to
dividends. The table gives the average price-dividend ratio, the standard deviation of the log
price-dividend ratio in natural units, the first-order autocorrelation of the log price-dividend
ratio, average growth rates of prices, dividends, and the log price-dividend ratio in percentage
points per year, and a test statistic for the null hypothesis that the log price-dividend ratio
has a unit root. Following standard practice, the price-dividend ratio is measured as the
ratio of the current stock price to the total of dividends paid during the past year.

Average price-dividend ratios vary considerably across countries but generally lie between
20 and 30. The extreme outlier is Japan, which has an average price-dividend ratio of 91.
The volatility and first-order autocorrelation of the log price-dividend ratio are also unusually
high for Japan, reflecting an upward trend in the Japanese log price-dividend ratio for much
of the sample period which is also visible in the average growth rates of prices and dividends
at the right of the table.

Other countries in the quarterly data set, with the exception of France, have first-order
autocorrelation coeflicients for the log price-dividend ratio of between 0.85 and 0.95. Unit
root tests do not reject the unit root null hypothesis for most of these countries, but this
may reflect low power of the tests in short data samples. Equation (27) implies that the
log price-dividend ratio must be stationary if real dividend growth and stock returns are
stationary, so this gives some reason to assume stationarity for the series.

So far I have written asset prices as linear combinations of expected future dividends and
returns. Following Campbell (1991), I can also write asset returns as linear combinations of
revisions 1n expected future dividends and returns. Substituting (27) into (26), I obtain

Tiag1 — Eeriggr = (B — Ee) Z P]Adi,t+1+j —(Eiy1 = E;) Z Pjrz‘,t+1+j . (28)
j=1

J=0

This equation says that unexpected stock returns must be associated with changes in ex-
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pectations of future dividends or real returns. An increase in expected future dividends is
associated with a capital gain today, while an increase in expected future returns is asso-
ciated with a capital loss today. The reason is that with a given dividend stream, higher

future returns can only be generated by future price appreciation from a lower current price.

4.3 The Stock Market Volatility Puzzle

I now use this accounting framework to illustrate the stock market volatility puzzle. The
intertemporal budget constraint for a representative agent, (19), implies that aggregate con-

sumption is the dividend on the portfolio of all invested wealth, denoted by subscript w:
dwt = Ct. (29)

Many authors, including Grossman and Shiller (1981), Lucas (1978), and Mehra and Prescott
(1985), have assumed that the aggregate stock market, denoted by subscript e for equity, 1s
equivalent to the wealth portfolio and thus pays consumption as its dividend. Here I follow
Campbell (1986) and Abel (1996) and make the slightly more general assumption that the

dividend on equity equals aggregate consumption raised to a power A. In logs, we have
det = /\Ct - (30)

Abel (1996) shows that the coefficient A can be interpreted as a measure of leverage. When
A > 1, dividends and stock returns are more volatile than the returns on the aggregate
wealth portfolio. This framework has the additional advantage that a riskless real bond with
infinite maturity—an inflation-indexed consol, denoted by subscript b—can be priced merely
by setting A = 0.

The representative-agent asset pricing model with Epstein-Zin-Weil utility, conditional

lognormality, and homoskedasticity (equations (21) and (22)) implies that

1
Eirespr = pe + (E) EiAciyq, (31)

where p. is an asset-specific constant term. The expected log return on equity, like the

expected log return on any other asset, is just a constant plus expected consumption growth
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divided by the elasticity of intertemporal substitution . Power utility is the special case
where the coefficient of relative risk aversion v is the reciprocal of ¥ so the effect of expected
consumption growth on expected asset returns is proportional to 7; but this is not true in
general.

Substituting equations (30) and (31) into equations (27) and (28), I find that

k. 1 A
Pet — der = + (/\ - _) E, ZPJACHH]' ) (32)
lL—p W j=0
and
1 .
Te,t—}—l _— Et re,t+1 = /\(ACH-I - EtACt+1) + (/\ —_ E) (EH-I — Et) Z pJACt+1+j . (33)
J=1

Expected future consumption growth has offsetting effects on the log price-dividend ratio.
It has a direct positive effect by increasing expected future dividends A-for-one, but it has
an indirect negative effect by increasing expected future real interest rates (1/4)-for-one.
The unexpected log return on the stock market is A times contemporaneous unexpected
consumption growth (since contemporaneous consumption growth increases the contempo-
raneous dividend A-for-one), plus (A—1/%) times the discounted sum of revisions in expected
future consumption growth.

For future reference I note that (33) can be inverted to express consumption growth as
a function of the unexpected return on equity and revisions in expectations about future

returns on equity. Rearranging (33) and using (31),

1

1 ' i d
Aciyr —EiAciir = (=) (reqss = Erer) + (7 =€) (Bran —E) D p'reiqny; - (34)
A A

j=1
An innovation in the equity return raises wealth by a factor (1/A), and this raises consump-
tion by the same factor. Increases in expected future equity returns have offsetting income
and substitution effects on consumption; the positive income effect is {1/X), and the negative
substitution effect is —1.

These equations can be simplified if 1 assume that expected aggregate consumption

growth, which I write as z,, follows an AR(1) process with mean ¢ and positive persistence
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Acip1 = 2 + €441, (35)
zZip1 = (1 = 9)g + bz + €. 441 (36)
This is a linear version of the model used by Cecchetti, Lam, and Mark (1990, 1993) and
Kandel and Stambaugh (1991), in which expected consumption growth follows a persis-
tent discrete-state Markov process. The contemporaneous shocks to realized consumption
growth €. ;41 and expected future consumption growth e, ;,, may be positively or negatively
correlated. The correlation between these contemporaneous shocks controls the univari-
ate autocovariances of consumption growth; the first-order autocovariance is ¢Var(z,) +
Cov(€, 441, €ct+1), and higher-order autocovariances die out geometrically at rate ¢. Thus
consumption growth inherits the positive serial correlation of the z; process unless the con-
temporaneous shocks are sufficiently negatively correlated. An important special case of the
model sets €, 11 = e 141 to make consumption growth itself an AR(1) process; this is a
linear version of the model of Mehra and Prescott (1985).2°
From equation (21), the riskless interest rate is linear in expected consumption growth
2y, so this model implies a homoskedastic AR(1) process for the riskless interest rate, with
persistence ¢. It is a discrete-time version of the Vasicek (1977) model of the term structure
of interest rates. Campbell, Lo, and MacKinlay (1997), Chapter 11, gives a detailed textbook
exposition of this model following Backus (1993), Singleton (1990), and Sun (1992).
Equations (35) and (36) allow me to rewrite (32) and (33) as

k 1 g 2 — g
—dy = —— A—— - 37
Pet et 1—[)+< d’) [1_p+1_p¢]7 ( )

1
Tet+1 — Lt Tetr1 = ACopgr + (A — a) (1 —/)/JQZ)) €,041- (38)

20The empirical evidence on univariate serial correlation in consumption growth is mixed. Table 4 shows
small negative autocorrelation in 8 out of 12 quarterly datasets, but only 1 out of 3 annual data sets.
Measurement problems may bias these autocorrelations in either direction. Durability of consumption tends
to bias autocorrelation downwards, but time-averaging and seasonal adjustment tend to bias it upwards.
Empirical estimates of discrete-state Markov models by Cecchetti, Lam, and Mark (1990, 1993), Kandel and
Stambaugh (1991), and Mehra and Prescott (1985) find some evidence for modest but persistent predictable
variation in consumption growth.

and
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Equation (38) shows why it is difficult to match the volatility of stock returns within this
standard framework. The most obvious way to generate volatile stock returns is to assume a
large A, that is, a volatile dividend. Increasing A, however, has mixed effects; it increases the
volatility of the first term in (38) proportionally, but as long as A < 1/¢ it diminishes the
volatility of the second term because the dividend and real interest rate effects of expected
consumption growth offset each other more exactly. The overall volatility of stock returns
may actually fall, or grow only slowly, with A until the point is reached where A > 1/%.
The empirical evidence for small ¢ presented in Table 10 suggests that very high A will be
needed to generate volatile stock returns. A similar point has been made by Abel (1996),
who emphasizes that predictable variation in expected consumption growth can dampen
stock market volatility and exacerbate the equity premium puzzle.

This model also tends to produce highly volatile returns on real (inflation-indexed) bonds.
By setting A = 0 in (37) and (38), the log yield and unexpected return on a real consol bond,
denoted by a subscript b, are

ky 1 g )
Yot bt — Dbt 1—p+(¢>[1—p+1*/?¢7 ) (39)

and

1
Thi4+1 — E, Tht+1 = — (a) (1 _pp¢> €z t41- (40)

When 4 is small, even modest variation in z, will tend to produce large variation in the
riskfree interest rate and in the yields and returns on long-term real bonds. The correlation
of stock and real bond returns is positive if A < 1/%, but turns negative if A is large enough
so that A > 1/¢.

Of course, all these calculations are dependent on the assumption made at the beginning
of this subsection, that the log dividend on stocks is a multiple A of log aggregate consump-
tion. More general models, allowing separate variation in dividends and consumption, can in
principle generate volatile stock returns without excessive variation in real interest rates. For

example, we might modify (30) to allow a second autonomous component of the dividend:

dey = Aey + ay, (41)
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where Aay4; has a similar structure to consumption growth, being forecast by an AR(1)

state variable:

Aty = Y + €a,041, (42)
yir1 = (1 = O)v + Oys + €4.041- (43)

This modification of the basic model would add a term v/(1 — p) + (y. — v)/(1 — pf) to the
formula for the log price-dividend ratio, (37), and would add a term €, 41 + péy,eq1/(1 —
p) to the formula for the unexpected log stock return, (38). Cecchetti, Lam, and Mark
(1993) estimate a discrete-state Markov model allowing for this sort of separate variability
in consumption and dividends. While such a model provides a more realistic description
of dividends, it requires large predictable movements in dividends to explain stock market

volatility. Unfortunately, as section 4.5 shows, there is little evidence for this.

4.4 Implications for the Equity Premium Puzzle

I now return to the basic model in which the log dividend is a multiple of log aggregate
consumption, and use the formulas derived in the previous subsection to gain a deeper
understanding of the equity premium puzzle. The discussion of the puzzle in section 3
treated the covariance of stock returns with consumption as exogenous, but given a tight link
between stock dividends and consumption the covariance can be derived from the stochastic
properties of consumption itself. This is the approach of many papers including Abel (1994,
1996), Kandel and Stambaugh (1991), Mehra and Prescott (1985), and Rietz (1988).

An advantage of this approach is that it clarifies the implications of Epstein-Zin-Weil
utility. The Epstein-Zin-Weil Euler equation is derived by imposing a budget constraint
that links consumption and wealth, and it explains risk premia by the covariances of asset
returns with both consumption growth and the return on the wealth portfolio. The stochastic
properties of consumption, together with the budget constraint, can be used to substitute
either consumption or wealth out of the Epstein-Zin-Weil model.

To understand this point, note that equation (33) applies to the return on the wealth
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portfolio when A = 1. Setting e = w and A = 1, (33) becomes

1 >
Twt+1 — E; Twi+l = ACt+1 - EtACt—H + (1 - ;Z) (EH—I — Et) Zp]ACi+1+ja (44)

an equation derived by Restoy and Weil (1994). It follows that the covariance of any asset

i=1

return with the wealth portfolio must satisfy

1
Ciw = Cic + (1 - 'Q_Z}.) Oig,s (45)

where o;, denotes the covariance of asset return ¢ with revisions in expectations of future
consumption growth:
019 = Cov(rivt1 — Eeriggr, (Bep1 — o) Y o7 Acigayj)- (46)
=1
The letter ¢ is used here as a mnemonic for consumption growth.
Substituting this expression into the formula for risk premia in the Epstein-Zin-Weil
model, (22), that formula simplifies to
0‘? 1 ~
Et[ri,t-H] — Tiie1 + 3 =0+ |7 — E Oig. (4‘)
The risk premium on any asset is the coefficient of risk aversion v times the covariance of
that asset with consumption growth, plus (7 — 1/¢) times the covariance of the asset with
revisions in expected future consumption growth. The second term is zero if v = 1/, the
power utility case, or if there are no revisions in expected future consumption growth.?!
I now return to the assumption made in the previous subsection that expected consump-

tion growth is an AR(1) process given by (36). Under this assumption,

,> 6z,t-{—l- (48)

Ey —E P’ Ac = (
(Eeps t); t+14; Iy

Equations (38), (47), and (48) imply that

o? |

21Using a continuous-time model, Svensson (1989) also emphasizes that risk premia in the Epstein-Zin-
Weil model are determined only by risk aversion when investment opportunities and expected consumption
growth are constant.
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1 Ap 1 p i 2
e

This expression nests many of the leading cases explored in the literature on the equity
premium puzzle. To understand it, it is helpful to break the equity premium into two com-
ponents, the premium on real consol bonds over the riskless interest rate, and the premium

on equities over real consol bonds:

o? 1
E¢[rp41] — Trig1 + ?b = [* ( P ) o-cz:|

2 2 p
Ei[ress1 — Thes1] + — — = = A lof + ( ) acz}

1 P P ’ 2
* ( —E>A[1—p¢0”+(l—p¢) UZ]‘ oy

Equations (50) and (51) add up to equation (49). The first term in each of these ex-

pressions represents the premium under power utility, while the second term represents the
effect on the premium of moving to Epstein-Zin utility and allowing the coeflicient of risk
aversion to differ from the reciprocal of the intertemporal elasticity of substitution. Given
the evidence for small ¢ presented in section 4.1, the key issue is whether Epstein-Zin utility
allows v to be smaller than 1/¢ and in this sense helps resolve the equity premium puzzle.

Under power utility, the real bond premium in (50) is determined by the covariance o, of
realized consumption growth and innovations to expected future consumption growth. If this
covariance is positive, then an increase in consumption is associated with higher expected
future consumption growth, higher real interest rates, and lower bond prices. Real bonds
accordingly have hedge value and the real bond premium is negative. If o.. 1s negative, then

the real bond premium is positive.?? Under Epstein-Zin utility with v < 1/, assets that

#2Campbell (1986) develops this intuition in a univariate model for consumption growth.
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covary negatively with expected future consumption growth have higher risk premia. Since
real bonds have this characteristic, Epstein-Zin utility with ¥ < 1/4 tends to produce large
term premia. This runs counter to the empirical observation in Tables 7 and 8 that term
premia are only modest; while the term premia measured in the tables are on nominal rather
than real bonds, nominal term premia should if anything be larger than rela term premia
because they include a reward for bearing inflation risk which is unlikely to be negative.
The premium on equities over real bonds is proportional to the coefficient A that governs
the volatility of dividend growth. Under power utility the equity-bond premium is just risk
aversion 4 times A times terms in o2 and o.,. Since both ¢2 and 0., must be small to match
the observed moments of consumption growth, it is hard to rationalize the large equity-bond
premium shown in Table 9. Epstein-Zin utility with v < 1/t adds a second term in o, and

o?. Unfortunately the o? term is negative, which makes it even harder to rationalize the

z
equity-bond premium.

In conclusion, the consumption-based model with Epstein-Zin-Weil utility is no more
successful than the consumption-based model with power utility in fitting equity and bond
premia with a small coefficient of relative risk aversion. Given the time-series evidence for a
small intertemporal elasticity of substitution %, relative risk aversion 4 must be large—close
to the reciprocal of ¢ as implied by power utility—in order to produce the large equity
premia and small bond premia that are measured in the data.

Campbell (1993) uses these relations in a different way. Instead of substituting the
wealth return out of the Epstein-Zin-Weil model, Campbell substitutes consumption out

of the model to get a discrete-time version of the intertemporal CAPM of Merton (1973).

Setting e = w and A =1 in (34), the innovation in consumption is
Acipr — EvAciyy = rypn — Eirg i + (1 = 9) (B — Eo) i P T it14s (52)
j=1
Thus the covariance of any asset return with consumption growth must satisfy
Oic = Oy + (1 =) oin, (53)
where o0;;, denotes the covariance of asset return 7 with revisions in expected future returns
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on wealth:

o0
oin = Cov(ria — Eirig, (B — Eo) Z P’ T iti45) (54)
j=1

The letter h here is used as a mnemonic for hedging demand (Merton 1973), a term commonly
used in the finance literature to describe the component of asset demand that is determined
by investors’ responses to changing investment opportunities.

oic can now be substituted out of (22) to obtain

2

0',
Eefrigs1) — e + ‘24 = Y0 + (7 — 1)oun. (55)

The risk premium on any asset is the coefficient of risk aversion v times the covariance of
that asset with the return on the wealth portfolio, plus (y — 1) times the covariance of the
asset with revisions in expected future returns on wealth. The second term is zero if y = 1;
in this case it is well known that intertemporal asset demands are zero and asset pricing is
myopic. Campbell (1996b) uses this formula to study US stock price data, assuming that
the log return on wealth is a linear combination of the stock return and the return on human
capital (proxied by innovations to labor income). He argues that mean-reversion in US stock
prices implies a positive covariance o, between US stock returns and the current return on
wealth, but a negative covariance o, between US stock returns and revisions in expected
future returns on wealth. Equation (55) then implies that increases in v above one have only
a damped effect on the equity premium, so high risk aversion is needed to explain the equity
premium puzzle. This conclusion is reached without any reference to measured aggregate

consumption data.

4.5 What Does the Stock Market Forecast?

All the calculations in sections 4.3 and 4.4 rely heavily on the assumptions of the representative-
agent model with power utility, lognormal distributions, constant variances, and a determin-
istic link between stock dividends and consumption. They leave open the possibility that the
stock market volatility puzzle could be resolved by relaxing these assumptions, for example

to allow independent variation in dividends in the manner discussed at the end of section

4.3.
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A more direct way to understand the stock market volatility puzzle is to use the logln-
ear asset pricing framework to study the empirical relationships between log price-dividend
ratios and future consumption or dividend growth rates, real interest rates, and excess stock
returns. According to equation (27), the log price-dividend ratio embodies rational forecasts
of dividend growth rates and stock returns, which in turn are the sum of real interest rates
and excess stock returns, discounted to an infinite horizon. One can compare the empirical
importance of these different forecasts by regressing long-horizon consumption and dividend
growth rates, real interest rates, and excess stock returns onto the log price-dividend ratio.

Table 12 reports the results of this exercise. For comparative purposes real output growth,
realized stock market volatility, and the excess bond return are also included as dependent
variables. The regressions are divided into two groups; Panel A includes the regressions whose
dependent variables are growth rates of consumption, output, or dividends, while Panel B
includes the regressions whose dependent variables are the real interest rate, the excess stock
return, a measure of realized volatility in excess stock returns, or the excess bond return.
For each quarterly data set the dependent variables are computed in natural units over 4, 8,
and 16 quarters (1, 2, and 4 years) and regressed onto the log price-dividend ratio divided
by its standard deviation. Thus the regression coefficient gives the effect of a one standard
deviation change in the log price-dividend ratio on the cumulative growth rate or rate of
return in natural units. The table reports the regression coefficient, heteroskedasticity- and
autocorrelation-consistent ¢ statistic, and R? statistic.

In the benchmark postwar quarterly US data, the log price-dividend ratio has no clear
ability to forecast consumption growth, output growth, dividend growth, or the real interest
rate at any horizon. What it does forecast is the excess return on stocks, with ¢ statistics
that start above 4 and increase, and with R? statistics that start at 0.20 and increase to 0.55
at a 4-year horizon. In the introduction these results were summarized as stylized facts 10,
11, 12, and 13. Table 12 extends them to international data.

10. Regressions of consumption growth on the log price-dividend ratio give very mixed

results across countries. There are statistically significant positive coeflicients in Germany
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and the Netherlands, but statistically significant negative coefficients in Australia, Canada,
Italy, Japan, and Switzerland. The other countries resemble the US in that they have no
statistically significant consumption growth forecasts. The regressions with output growth
as the dependent variable show a similar pattern across countries.

11. Results are somewhat more promising for real dividend growth in many countries.
Positive and statistically significant coefficients are found in Canada, France, Germany, Italy,
Japan, the Netherlands, Sweden, and the UK. It seems clear that changing forecasts of real
dividend growth have some role to play in explaining stock market movements.

12. The short-term real interest rate does not seem to be a promising candidate for the
driving force behind stock market fluctuations. One would expect to find high price-dividend
ratios forecasting low real interest rates, but the regression coefficients are significantly pos-
itive in France, Italy, Japan, the Netherlands, Sweden, Switzerland, and the UK. This pre-
sumably reflects the fact that stock markets in most countries were depressed in the 1970’s,
when real interest rates were low, and buoyant during the 1980’s, when real interest rates
were high.

13. Finally, the log price-dividend ratio is a powerful forecaster of excess stock returns
in almost every country. The regression coefficients are uniformly negative and statistically
significant.

In the long-term annual data for Sweden, the UK, and the US, I use horizons of 1 year, 4
years, and 8 years. In the US data the log price-dividend ratio fails to forecast real dividend
growth, suggesting that authors such as Barsky and De Long (1993) overemphasize the role
of dividend forecasts in interpreting long-run US experience. Consistent with the quarterly
results, the log price-dividend ratio also fails to forecast consumption growth, output growth,
or the real interest rate, but does forecast excess stock returns.

The UK data are similar, although here the 8-year regression coefficients for consumption
growth and dividend growth are even statistically significant with the wrong (negative) sign.
The 8-year regression coefficient for the real interest rate is also significantly negative, con-

sistent with the idea that the UK stock market is related to the real interest rate. But much
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the strongest relation is between the log price-dividend ratio and future excess returns on
the UK stock market. The Swedish data are quite different; here the log price-dividend ratio
forecasts short-run dividend growth positively but has no predictive power for consumption
growth, output growth, the real interest rate, or the excess log stock return.

The right-hand column of Table 12, Panel B, considers one more dependent variable, the
excess bond return. The predictive power of the stock market for excess stock returns does
not generally carry over to excess bond returns; there are significant negative coefficients
only in Australia and the UK (and in Germany and Switzerland at long horizons).

Overall, these results suggest that a new model of stock market volatility is needed. The
standard model of section 4.3 drives all stock market fluctuations from changing forecasts of
long-run consumption growth, dividend growth, and real interest rates; forecasts of excess
stock returns are constant. The data for many countries suggest instead that forecasts
of consumption growth, dividend growth, and real interest rates are variable only in the
short run, so that long-run forecasts of these variables are almost constant; stock market

fluctuations seem to be driven largely by changing forecasts of excess stock returns.

4.6 Changing Volatility in Stock Returns

One reason why excess stock returns might be predictable is that the risk of stock market
investment, as measured for example by the volatility of stock returns, might vary over time.
With a constant price of risk, shifts in the quantity of risk will lead to changes in the equity
risk premium.

There is a vast literature documenting the fact that stock market volatility does change
with time. However, the variation in volatility is concentrated at high frequencies; it is most
dramatic in daily or monthly data and is much less striking at lower frequencies. There is
some business-cycle variation in volatility, but it does not seem strong enough to explain large
movements in aggregate stock prices (Bollerslev, Chou, and Kroner 1992, Schwert 1989).

A second difficulty is that there is only weak evidence that periods of high stock market

volatility coincide with periods of predictably high stock returns. Some papers do find a
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positive relationship between conditional first and second moments of returns (Bollerslev,
Engle, and Wooldridge 1988, French, Schwert, and Stambaugh 1987, Harvey 1989), but other
papers find that when short-term nominal interest rates are high, the conditional volatility
of stock returns is high while the conditional mean stock return is low (Campbell 1987,
Glosten, Jagannathan, and Runkle 1993).

French, Schwert, and Stambaugh (1987) emphasize that innovations in volatility are
strongly negatively correlated with innovations in returns. This could be indirect evidence
for a positive relationship between volatility and expected returns, but it could also indicate
that negative shocks to stock prices raise volatility, perhaps by raising financial or operating
leverage of companies (Black 1976).

Some researchers have built models that allow for independent variation in the quantity
and price of risk. Harvey (1989, 1991) uses the Generalized Method of Moments to estimate
such a system, and finds that the price of risk appears to vary countercyclically. Chou,
Engle, and Kane (1992) find similar results using a GARCH framework.

Within the confines of this chapter it is not possible to do justice to the sophistication
of the econometrics used in this literature. Instead I illustrate the empirical findings of the
literature by constructing a crude measure of ex post volatility for excess stock returns—the
average over 4, 8, or 16 quarters of the squared quarterly excess stock return—and regressing
it onto the log price-dividend ratio. The results of this regression are reported in the third
column of Table 12, Panel B. There are numerous significant coefficients in these regressions,
but they are all positive, indicating that high price-dividend ratios predict high, not low
volatility in these data.

These results reinforce the conclusion of the literature that the price of risk seems to vary
over time in relation to the level of aggregate consumption. Section 5 discusses economic

models that have this property.
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4.7 What Does the Bond Market Forecast?

I conclude this section by briefly comparing the results of Table 12 with those that can
be obtained using bond market data. Table 13 repeats the regressions of Table 12 using
the yield spread between long-term and short-term bonds as the regressor. Many authors
have found that in US data, yield spreads have some ability to forecast excess bond returns
(Campbell 1987, Campbell and Shiller 1991, Fama and Bliss 1987). This contradicts the
expectations hypothesis of the term structure, the hypothesis that excess bond returns are
unforecastable. Other authors have found that yield spreads are powerful forecasters of
macroeconomic conditions, particularly output growth (Chen 1991, Estrella and Hardouvelis
1991). Fama and French (1989) have argued that both price-dividend ratios and yield spreads
capture short-term cyclical conditions, although yield spreads are more highly correlated with
conventional measures of the US business cycle.

The results of Table 13 are strikingly different from those of Table 12. In the quarterly
data, yield spreads forecast positive output growth in almost every country, and positive
consumption growth in many countries. Outside the US, there is also a strong tendency
for yield spreads to forecast low real interest rates. Thus the findings of Chen (1991) and
Estrella and Hardouvelis (1991) carry over to international data.

Yield spreads are much less successful as forecasters of excess stock returns, stock market
volatility, or even excess bond returns; the ability of the yield spread to forecast excess bond
returns appears to be primarily a US rather than an international phenomenon.?® Similar
conclusions are reported by Hardouvelis (1994) and Bekaert, Hodrick, and Marshall (1997).
While these authors do report some evidence for predictability of excess bond returns in
international data, the evidence is much weaker than in US data.

These results are consistent with the view that there is some procyclical variation in the
short-term real interest rate which is not matched by the long-term real interest rate. Thus

yield spreads tend to rise at business cycle troughs when real interest rates are predictably

23Results at a one-quarter horizon, not reported in the table, are qualitatively consistent with the long-
horizon results.
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low and future output and consumption growth are predictably high.

This interpretation is complicated by the fact that yields are measured on nominal bonds
rather than real bonds. Inflationary expectations and monetary policy therefore have a large
impact on yield spreads. The particular characteristics of US monetary policy may help to
explain why previously reported US results do not carry over to other countries in Table 13.
US monetary policy has tended to smooth real and nominal interest rates, which reduces
the forecastability of real interest rates and increases the sensitivity of the yield spread to
changes in bond-market risk premia. Mankiw and Miron (1986) have found that the yield
spread was a better forecaster of US interest rates in the period before the founding of the
Federal Reserve, while Kugler (1988) has found that the yield spread is a better forecaster
of interest rates in Germany and Switzerland and has related this to the characteristics
of German and Swiss monetary policy. The findings in Table 13 are consistent with this

literature.
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5 Cyclical Variation in the Price of Risk

In previous sections I have documented a challenging array of stylized facts and have dis-
cussed the problems they pose for standard asset pricing theory. Briefly, the equity premium
puzzle suggests that risk aversion must be high on average to explain high average excess
stock returns, while the stock market volatility puzzle suggests that risk aversion must vary
over time to explain predictable variation in excess returns and the associated volatility of

stock prices. This section describes some models that display these features.

5.1 Habit Formation

Constantinides (1990), Ryder and Heal (1973), and Sundaresan (1989) have argued for
the importance of habit formation, a positive effect of today’s consumption on tomorrow’s
marginal utility of consumption.

Several modeling issues arise at the outset. Writing the period utility function as U(CY, Xy),
where X, is the time-varying habit or subsistence level, the first issue is the functional form
for U(-). Abel (1990, 1996) has proposed that U(-) should be a power function of the ra-
tio C,/X,, while Boldrin, Christiano, and Fisher (1995), Campbell and Cochrane (1997),
Constantinides (1990), and Sundaresan (1989) have used a power function of the difference
C,—X,. The second issue is the effect of an agent’s own decisions on future levels of habit.
In standard “internal habit” models such as those in Constantinides (1990) and Sundaresan
(1989), habit depends on an agent’s own consumption and the agent takes account of this
when choosing how much to consume. In “external habit” models such as those in Abel
(1990, 1996) and Campbell and Cochrane (1997), habit depends on aggregate consump-
tion which is unaffected by any one agent’s decisions. Abel calls this “catching up with the
Joneses”. The third issue is the speed with which habit reacts to individual or aggregate con-
sumption. Abel (1990, 1996), Dunn and Singleton (1986), and Ferson and Constantinides
(1991) make habit depend on one lag of consumption, whereas Boldrin, Christiano, and
Fisher (1995), Constantinides (1990), Sundaresan (1989), Campbell and Cochrane (1997),

and Heaton (1995) assume that habit reacts only gradually to changes in consumption.
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The choice between ratio models and difference models of habit is important because
ratio models have constant risk aversion whereas difference models have time-varying risk
aversion. To see this, consider Abel’s (1990, 1996) specification in which an agent’s utility

can be written as a power function of the ratio C¢/ X,

N (oD T
U, = &’
: ;} T

(56)

b

where X, summarizes the influence of past consumption levels on today’s utility. For sim-

plicity, specify X; as an external habit depending on only one lag of aggregate consumption:
X, =Cp4, (57)

where C,_, is aggregate past consumption and the parameter x governs the degree of time-
nonseparability. Since there is a representative agent, in equilibrium aggregate consumption

equals the agent’s own consumption, so in equilibrium
X;=Cr,y. | (58)
With this specification of utility, in equilibrium the first-order condition is
1= 6E,[(1+ Rir1)(Cr/Croa) 07 (Con [C) 7], (59)

Assuming homoskedasticity and joint lognormality of asset returns and consumption growth,

this implies the following restrictions on risk premia and the riskless real interest rate:
risp = —logé — 202 /2 + vEAciy — k(v — 1Ac, (60)

Et[ri,t+l — Tf,t+1] + 01’2/2 = Y0Oic- (61)

Equation (60) says that the riskless real interest rate equals its value under power utility,
less k(v —1)Ac,. Holding consumption today and expected consumption tomorrow constant,
an increase in consumption yesterday increases the marginal utility of consumption today.
This makes the representative agent want to borrow from the future, driving up the real

interest rate. Equation (61) describing the risk premium is exactly the same as (16), the risk
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premium formula for the power utility model. The external habit simply adds a term to the
Euler equation (59) which is known at time ¢, and this does not affect the risk premium.

Abel (1990, 1996) nevertheless argues that catching up with the Joneses can help to
explain the equity premium puzzle. This argument is based on two considerations. First,
the average level of the riskless rate in (60) is — log § —y202/2+(y— k(7 —1))g, where g is the
average consurﬁption growth rate. When risk aversion 1 is very large, a positive & reduces the
average riskless rate. Thus catching up with the Joneses enables one to increase risk aversion
to solve the equity premium puzzle without encountering the riskless rate puzzle. Second, a
positive & is likely to make the riskless real interest rate more variable because of the term
—k(y—1)Ac, in (60). If one solves for the stock returns implied by the assumption that stock
dividends equal consumption, a more variable real interest rate increases the covariance of
stock returns and consumption o;. and drives up the equity premium.

The second of these points can be regarded as a weakness rather than a strength of the
model. The puzzle illustrated in Table 5 is that the ratio of the measured equity premium
to the measured covariance oy, is large; increasing the consumption covariance ;. does not
by itself help to explain the size of this ratio. Also, Table 2 shows that the real interest rate
is fairly stable ex post, while Table 7 shows that at most half of its variance is forecastable.
Thus the standard deviation of the expected real interest rate is quite small, and this is not
consistent with large values of x and « in (60).

This difficulty with the riskless real interest rate is a fundamental problem for habit
formation models. Time-nonseparable preferences make marginal utility volatile even when
consumption is smooth, because consumers derive utility from consumption relative to its
recent history rather than from the absolute level of consumption. But unless the consump-
tion and habit processes take particular forms, time-nonseparability also creates large swings
in expected marginal utility at successive dates, and this implies large movements in the real
interest rate. I now present an alternative specification in which it is possible to solve this
problem, and in which risk aversion varies over time.

Campbell and Cochrane (1997) build a model with external habit formation in which
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a representative agent derives utility from the difference between consumption and a time-
varying subsistence or habit level. They assume that log consumption follows a random walk.
This fits the observation that most countries do not have highly predictable consumption or

dividend growth rates (Tables 7 and 9). The consumption growth process is

Acip1 = g+ €t 5 (62)

where €, ¢, is a normal homoskedastic innovation with variance o?. This is just the ARMA(1,1)
model (35) of the previous section, with constant expected consumption growth.

The utility function of the representative agent takes the form

E, iéj(ctﬂ' — X)) 7 = 1_
7=0 1 -7

(63)

Here X, is the level of habit, é is the subjective discount factor, and v is the utility curvature
parameter. Utility depends on a power function of the difference between consumption and
habit; it is only defined when consumption exceeds habit.

It is convenient to capture the relation between consumption and habit by the surplus

consumption ratio S;, defined by
G X
C:

The surplus consumption ratio is the fraction of consumption that exceeds habit and is

Sy = (64)

therefore available to generate utility in (63). If habit X, is held fixed as consumption C,

varies, the local coefficient of relative risk aversion is

—Cuce _ v (65)

Ue S’
where uc and ucc are the first and second derivatives of utility with respect to consumption.
Risk aversion rises as the the surplus consumption ratio S; declines, that is, as consumption
approaches the habit level. Note that =, the curvature parameter in utility, is no longer the
coeflicient of relative risk aversion in this model.
To complete the description of preferences, one must specify how the habit X; evolves

over time in response to aggregate consumption. Campbell and Cochrane suggest an AR(1)
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model for the log surplus consumption ratio, s; = log(S;):

St41 = (1 - ‘P)g + s+ A (St) €et4+1 - (66)

The parameter ¢ governs the persistence of the log surplus consumption ratio, while the
“sensitivity function” A(s;) controls the sensitivity of s;41 and thus of log habit x4, to
innovations in consumption growth €. ;4.

Equation (66) specifies that today’s habit is a complex nonlinear function of current and
past consumption. A linear approximation may help to understand it. If I substitute the
definition s; = log(l — exp(z; — ¢;)) into (66) and linearize around the steady state, 1 find
that (66) is approximately a traditional habit-formation model in which log habit responds

slowly and linearly to log consumption,
Ti41 %(l—c,p)a+go:ct+(l—4,9)ct:a—l—(l—c,o)thJct_] . (67)
J=0

The linear model (67) has two serious problems. First, when consumption follows an exoge-
nous process such as (62) there is nothing to stop consumption falling below habit, in which
case utility is undefined. This problem does not arise when one specifies a process for s,
since any real value for s; corresponds to positive S; and hence C; > X. Second, the linear
model typically implies a highly volatile riskless real interest rate. The process (66) with a
non-constant sensitivity function A(s,) allows one to control or even eliminate variation in
the riskless interest rate.

To derive the real interest rate implied by this model, one first calculates the marginal

utility of consumption as
U’(Ct) = (Ct — Xt)_’y = St—’YCt—-’Y‘ (68)
The gross simple riskless rate is then

(1+R/,)= (5Etg['](f—;;)>_l = <6Et (5;1)’” (ngl)“”)_l , (69)

Taking logs, and using equations (62) and (66), the log riskless real interest rate is

7o

2

[S )

rl = —log(8) + 19 —v(1 —¢)(s: = 5) = [A(se) +1]° . (70)

54



The first two terms on the right hand side of (70) are familiar from the power utility
model (17), while the last two terms are new. The third term (linear in (s; — 5)) reflects
intertemporal substitution. If the surplus consumption ratio is low, the marginal utility
of consumption is high. However, the surplus consumption ratio is expected to revert to
its mean, so marginal utility is expected to fall in the future. Therefore, the consumer
would like to borrow and this drives up the equilibrium risk free interest rate. Note that
what determines intertemporal substitution is mean-reversion in marginal utility, not mean-
reversion in consumption itself. In this model consumption follows a random walk so there
is no mean-reversion in consumption; but habit formation causes the consumer to adjust
gradually to a new level of consumption, creating mean-reversion in marginal utility.

The fourth term (linear in [A(s;) + 1]?) reflects precautionary savings. As uncertainty
increases, consumers become more willing to save and this drives down the equilibrium
riskless interest rate. Note that what determines precautionary savings is uncertainty about
marginal utility, not uncertainty about consumption itself. In this model the consumption
process is homoskedastic so there is no time-variation in uncertainty about consumption; but
habit formation makes a given level of consumption uncertainty more serious for marginal
utility when consumption is low relative to habit.

Equation (70) can be made to match the observed stability of real interest rates in two
ways. First, it is helpful if the habit persistence parameter ¢ is close to one, since this limits
the strength of the intertemporal substitution effect. Second, the precautionary savings
effect offsets the intertemporal substitution effect if A(s;) declines with s;. In fact, Campbell
and Cochrane parameterize the A(s;) function so that these two effects exactly offset each
other everywhere, implying a constant riskless interest rate. With a constant riskless rate,
real bonds of all maturities are also riskless and there are no real term premia. Thus in the
Campbell-Cochrane model the equity premium is also an equity-bond premium.

The sensitivity function A(s;) is not fully determined by the requirement of a constant
 riskless interest rate. Campbell and Cochrane choose the function to satisfy three conditions:

1) The riskless real interest rate is constant. 2) Habit is predetermined at the steady state
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sy = 5. 3) Habit is predetermined near the steady state, or, equivalently, positive shocks
to consumption may increase habit but never reduce it. To understand conditions 2) and
3), recall that the traditional notion of habit makes it a predetermined variable. On the
other hand habit cannot be predetermined everywhere, or a sufficiently low realization of
consumption growth would leave consumption below habit. To make habit “as predetermined
as possible”, Campbell and Cochrane assume that habit is predetermined at and near the
steady state. This also eliminates the counterintuitive possibility that positive shocks to
consumption cause declines in habit.

Using these three conditions, Campbell and Cochrane show that the steady-state surplus
consumption ratio must be a function of the other parameters of the model, and that the
sensitivity function A(s;) must take a particular form. Campbell and Cochrane pick param-
eters for the model by calibrating it to fit postwar quarterly US data. They choose the mean
consumption growth rate ¢ = 1.89% per year and the standard deviation of consumption
growth o, = 1.50% per year to match the moments of the US consumption data.

Campbell and Cochrane follow Mehra and Prescott (1985) by assuming that the stock
market pays a dividend equal to consumption. They also consider a more realistic model
in which the dividend is a random walk whose innovations are correlated with consumption
growth. They show that results in this model are very similar because the implied regression
coefficient of dividend growth on consumption growth is close to one, which produces similar
asset price behavior. They use numerical methods to find the price-dividend ratio for the
stock market as a function of the state variable s;. They set the persistence of the state
variable, o, equal to 0.87 per year to match the persistence of the log price-dividend ratio.
They choose v = 2.00 to match the ratio of unconditional mean to unconditional standard
deviation of return in US stock returns. These parameter values imply that at the steady
state, the surplus consumption ratio S = 0.057 so habit is about 94% of consumption.
Finally, Campbell and Cochrane choose the discount factor 6 = 0.89 to give a riskless real
interest rate of just under 1% per year.

It is important to understand that with these parameter values the model uses high
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average risk aversion to fit the high unconditional equity premium. Steady-state risk aversion
is v/S = 2.00/0.057 = 35. In this respect the model resembles a power utility model with a
very high risk aversion coeflicient.

There are however two important differences between the model with habit formation
model and the power utility model with high risk aversion. First, the model with habit
formation avoids the riskfree rate puzzle. Evaluating equation (70) at the steady state
surplus consumption ratio and using the restrictions on the sensitivity function A(s¢), the

constant riskless interest rate in the Campbell-Cochrane model is

2 2
Pl = —log(8) + g — (l> o (71)

S) 2
In the power utility model the same large coefficient 7 would appear in the consumption
growth term and the consumption volatility term (equation (17)); in the Campbell-Cochrane
model the curvature parameter v appears in the consumption growth term, and this is much
lower than the steady-state risk aversion coefficient v/S which appears in the consumption
volatility term. Thus a much lower value of the discount factor & is consistent with the
average level of the risk free interest rate, and the model implies a less sensitive relationship
between mean consumption growth and interest rates.

Second, the model with habit formation has risk aversion that varies with the level of
consumption, whereas a power utility model has constant risk aversion. The time-variation in
risk aversion generates predictable movements in excess stock returns like those documented
in Table 12, enabling the Campbell-Cochrane model to match the volatility of stock prices

even with a smooth consumption series and a constant riskless interest rate.

5.2 Models with Heterogeneous Agents

All the models considered so far assume that assets can be priced as if there is a represen-
tative agent who consumes aggregate consumption. An alternative view is that aggregate
consumption is not an adequate proxy for the consumption of stock market investors.

One simple explanation for a discrepancy between these two measures of consumption

is that there are two types of agents in the economy: constrained agents who are pre-
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vented from trading in asset markets and simply consume their labor income each period,
and unconstrained agents. The consumption of the constrained agents is irrelevant to the
determination of equilibrium asset prices, but it may be a large fraction of aggregate con-
sumption. Campbell and Mankiw (1990) argue that predictable variation in consumption
growth, correlated with predictable variation in income growth, suggests an important role
for constrained agents, while Mankiw and Zeldes (1991) and Brav and Geczy (1996) use US
panel data to show that the consumption of stockholders is more volatile and more highly
correlated with the stock market than the consumption of nonstockholders. Such effects
are likely to be even more important in countries with low stock market capitalization and
concentrated equity ownership.

The constrained agents in the above model do not directly influence asset prices, because
they are assumed not to hold or trade financial assets. Another strand of the literature argues
that there may be some investors who buy and sell stocks for exogenous, perhaps psycholog-
ical reasons. These “noise traders” can influence stock prices because other investors, who
are rational utility-maximizers, must be induced to accommodate their shifts in demand. If
utility-maximizing investors are risk-averse, then they will only buy stocks from noise traders
who wish to sell if stock prices fall and expected stock returns rise; conversely they will only
sell stocks to noise traders who wish to buy if stock prices rise and expected stock returns
fall. Campbell and Kyle (1993), Cutler, Poterba, and Summers (1991), De Long, Shleifer,
Summers, and Waldmann (1990), and Shiller (1984) develop this model in some detail. The
model implies that rational investors do not hold the market portfolio—instead they shift in
and out of the stock market in response to changing demand from noise traders—and do not
consume aggregate consumption since some consumption is accounted for by noise traders.
This makes the model hard to test without having detailed information on the investment
strategies of different market participants.

It is also possible that utility-maximizing stock market investors are heterogeneous in
important ways. If investors are subject to large idiosyncratic risks in their labor income and

can share these risks only indirectly by trading a few assets such as stocks and Treasury bills,
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their individual consumption paths may be much more volatile than aggregate consumption.
Even if individual investors have the same power utility function, so that any individual’s
consumption growth rate raised to the power —+ would be a valid stochastic discount factor,
the aggregate consumption growth rate raised to the power —y may not be a valid stochastic
discount factor.

This problem is an example of Jensen’s Inequality. Since marginal utility is nonlinear,
the average of investors’ marginal utilities of consumption is not generally the same as the
marginal utility of average consumption. The problem disappears when investors’ individual
consumption streams are perfectly correlated with one another as they will be 1n a com-
plete markets setting. Grossman and Shiller (1982) point out that 1t also disappears in a
continuous-time model when the processes for individual consumption streams and asset
prices are diffusions.

Recently Constantinides and Duffie (1996) have provided a simple framework within
which the effects of heterogeneity can be understood. Constantinides and Dufhe postulate
an economy in which individual investors k£ have different consumption levels Cx;. The cross-
sectional distribution of individual consumption is lognormal, and the change from time ¢
to time ¢ + 1 in individual log consumption is cross-sectionally uncorrelated with the level
of individual log consumption at time ¢. All investors have the same power utility function
with time discount factor § and coefficient of relative risk aversion 7.

In this economy each investor’s own intertemporal marginal rate of substitution is a valid
stochastic discount factor. Hence the cross-sectional average of investors’ intertemporal

marginal rates of substitution is a valid stochastic discount factor. I write this as
* * qut+l - o4
My, = 6K, [( L) (72)
kt

where E7 denotes an expectation taken over the cross-sectional distribution at time ¢. That 1s,

for any cross-sectionally random variable Xy, Ef Xy = limp Lo (1/K) K | X4, the limit as

the number of cross-sectional units increases of the cross-sectional sample average of Xj.**

24 Constantinides and Duffie (1996) present a more rigorous discussion.
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Note that E}Xj; will in general vary over time and need not be lognormally distributed
conditional on past information.

The assumption of cross-sectional lognormality means that the log stochastic discount
factor, mj,, = log(My,,), can be written as a function of the cross-sectional mean and
variance of the change in log consumption:

2

mi ., = —log(8) — YE ;Ack i1 + <12~—) Vary,; Ackiq1 (73)

where Var; is defined analogously to E} as Var; X, = limg_oo(1/K) SR (X — E;r Xii)?,
and like E7 will in general vary over time.

An economist who knows the underlying preference parameters of investors but does not
understand the heterogeneity in this economy might attempt to construct a representative-
agent stochastic discount factor, M, using aggregate consumption:

Er [Crusi]\
RA: t+1 41 74
Mf“‘é( E[Ch] > ' )

The log of this stochastic discount factor can also be related to the cross-sectional mean and

variance of the change in log consumption:

mﬁAl = —log(6) — vE; | Ack 41 — (%) [Vary ¢k 41 — Var; k]

= —log(§) — VE;,, Ackers — (%) [Var},, Acker), (75)

where the second equality follows from the relation ci 41 = cxt + Ack i1 and the fact that
Acy 141 s cross-sectionally uncorrelated with cg;.

The difference between these two variables can now be written as

(y+1
ra Yyt >V

My — My = 9 ary 1 Ack t41- (76)

The time series of this difference can have a nonzero mean, helping to explain the risk-
free rate puzzle, and a nonzero variance, helping to explain the equity premium puzzle.

If the cross-sectional variance of log consumption growth is negatively correlated with the
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level of aggregate consumption, so that idiosyncratic risk increases in economic downturns,
then the true stochastic discount factor mj,, will be more strongly countercyclical than
the representative-agent stochastic discount factor constructed using the same preference
parameters; this has the potential to explain the high price of risk without assuming that
individual investors have high risk aversion. Mankiw (1986) makes a similar point in a
two-period model.

An important unresolved question is whether the heterogeneity we can measure has the
characteristics that are needed to help resolve the asset pricing puzzles. In the Constantinides-
Duffie model the heterogeneity must be large to have important effects on the stochastic
discount factor; a cross-sectional standard deviation of log consumption growth of 20%. for
example, is a cross-sectional variance of only 0.04, and it 1s variation in this number over
time that is needed to explain the equity premium puzzle. Interestingly, the effect of hetero-
geneity is strongly increasing in risk aversion since Var], ; Acg 41 18 multiplied by y(v+1)/2
in (76). This suggests that heterogeneity may supplement high risk aversion but cannot
altogether replace it as an explanation for the equity premium puzzle.?®

It is also important to note that idiosyncratic shocks have large effects in the Constantinides-
Duffie model because they are permanent. Heaton and Lucas (1996) calibrate individual
income processes to micro data from the Panel Study of Income Dynamics (PSID). Because
the PSID data show that idiosyncratic income variation is largely transitory, Heaton and
Lucas find that investors can minimize its effects on their consumption by borrowing and
lending. This prevents heterogeneity from having any large effects on aggregate asset prices.

To get around this problem, several recent papers have combined heterogeneity with
constraints on borrowing. Heaton and Lucas (1996) and Krusell and Smith (1997) find that
borrowing constraints or large costs of trading equities are needed to explain the equity

premium. Constantinides, Donaldson, and Mehra (1997) focus on heterogeneity across gen-

Bettau (1997) reaches a similar conclusion by assuming that individuals consume their income, and
calculating the risk-aversion coeflicients needed to put model-based stochastic discount factors inside the
Hansen-Jagannathan volatility bounds. This procedure is conservative in that individuals trading in financial
markets are normally able to achieve some smoothing of consumption relative to income. Nevertheless Lettau
finds that high individual risk aversion is still needed to satisfy the Hansen-Jagannathan bounds.
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erations; in a stylized three-period overlapping generations model they find that they can
match the equity premium if they prevent young agents from borrowing to buy equities.
All of these models assume that agents have identical preferences. But heterogeneity
in preferences may also be important. Several authors have recently argued that trading
between investors with different degrees of risk aversion or time preference, possibly in the
presence of market frictions, can lead to time-variation in the market price of risk (Alyagari
and Gertler 1995, Grossman and Zhou 1996, Sandroni 1997, Wang 1996). This seems likely

to be an active research area in the next few years.

5.3 Irrational Expectations

So far I have maintained the assumption that investors have rational expectations and un-
derstand the time-series behavior of dividend and consumption growth. A number of papers
have explored the consequences of relaxing this assumption. (See for example Barberis,
Shleifer, and Vishny 1997, Barsky and De Long 1993, Cecchetti, Lam, and Mark 1997,
Chow 1989, or Hansen, Sargent, and Tallarini 1997).

In the absence of arbitrage, there exist positive state prices that can rationalize the prices
of traded financial assets. These state prices equal subjective state probabilities multiplied
by ratios of marginal utilities in different states. Thus given any model of utility, there exist
subjective probabilities that produce the necessary state prices and in this sense explain the
observed prices of traded financial assets. The interesting question is whether these subjective
probabilities are sufficiently close to objective probabilities, and sufficiently related to known
psychological biases in behavior, to be plausible.

Many of the papers in this area work in partial equilibrium and assume that stocks
are priced by discounting expected future dividends at a constant rate. This assumption
makes it easy to derive any desired behavior of stock prices directly from assumptions on
dividend expectations. Barsky and De Long (1993), for example, assume that investors
believe dividends to be generated by a doubly integrated process, so that the dividend

growth rate has a unit root. These expectations imply that rapid dividend growth increases
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stock prices more than proportionally, so that the price-dividend ratio rises when dividends
are growing strongly. If dividend growth is in fact stationary, then the high price-dividend
ratio is typically followed by dividend disappointments, low stock returns, and reversion to
the long-run mean price-dividend ratio. Thus Barsky and De Long’s model can account for
the volatility puzzle and the predictability of stock returns.

In general equilibrium, dividends are linked to consumption so investors’ irrational ex-
pectations about dividend growth should be linked to their irrational expectations about
consumption growth. Interest rates are not exogenous, but like stock prices, are determined
by investors’ expectations. Thus it is significantly harder to build a general equilibrium
model with irrational expectations.

To see how irrationality can affect asset prices, consider first a static model in which
log consumption follows a random walk (¢ = 0) with drift g. Investors understand that
consumption is a random walk, but they expect it to grow at rate ¢ instead of g. Equation

37) implies that the log price-dividend ratio is
g

k 1 i
et_det:— A—— ], 77
P 1—P+< ¢>(1—p> 7

equation (21) implies that the riskless interest rate is

g 6-1 0
rf't+1:_log5+$+ 5 0121}——22/)203, (78)
and the rationally expected equity premium is
o 2 .
Et[re,H—l] —Tiip1+ o = yAo, + /\(9 - 9)~ (79)

2

The first term on the right hand side of (79) is the standard formula for the equity premium
in a model with serially uncorrelated consumption growth. This is investors’ irrational
expectation of the equity premium. The second term arises because dividend growth is
systematically different from what investors expect.

This model illustrates that irrational pessimism among investors (§ < g) can lower the

average riskfree rate and increase the equity premium. Thus pessimism has the same effects
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on asset prices as a low rate of time preference and a high coefficient of risk aversion, and it
can help to explain both the riskfree rate puzzle and the equity premium puzzle.?®

To explain the volatility puzzle, a more complicated model of irrationality 1s needed.
Suppose now that log consumption growth follows an AR(1) process, a special case of (35),
but that investors believe the persistence coefficient to be ¢ when in fact it is ¢.*” In this

case the riskfree interest rate is given by

~

e = iy %(Act 9. (80)

while the rationally expected equity premium is

2 R i
E[ress1] = Tree1 + Z = pe — (¢ — @) i =] | A= L + A (Ac; — g), (81)
2 1-p¢ (

where p; and p. are constants. If  is larger than ¢, and if the term in square brackets in
(81) is positive, then the equity premium falls when consumption growth has been rapid, and
rises when consumption growth has been weak. This model, which can be seen as a general
equilibrium version of Barsky and De Long (1993), fits the apparent cyclical variation in the
market price of risk.

One difficulty with this explanation for stock market behavior is that it has strong impli-
cations for bond market behavior. Consumption growth drives up the riskless interest rate
and the real bond premium even while it drives down the equity premium. Barsky and De
Long (1993) work in partial equilibrium so they do not confront this problem. Cecchetti,
Lam, and Mark (1997) handle it by allowing the degree of investors’ irrationality itself to be

stochastic and time-varying.?®

26The effect of pessimism on the average price-dividend ratio is ambiguous, for the usual reason that lower
riskfree rates and lower expected dividend growth have offsetting effects. Hansen, Sargent, and Tallarin
(1997) also emphasize that irrational pessimism can be observationally equivalent to lower time preference
and higher risk aversion.

27 An alternative formulation would be to assume, following (35), that log consumption growth is predicted
by a state variable z, that investors observe, but that investors misperceive the persistence of this process
to be & rather than ¢. In this case investors correctly forecast consumption growth over the next period,
but incorrectly forecast subsequent consumption growth. Investors’ irrationality has no eflect on the riskfree
interest rate but causes time-variation in equity and bond premia.

2The work of Rietz (1988) can be understood in a similar way. Rictz argues that investors are concerned
about an unlikely but serious event that has not actually occurred. Given the data we have, investors appear
to be irrational but in fact, with a long enough data sample, they will prove to be rational.
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6 Some Implications for Macroeconomics

The research summarized in this chapter has important implications for various aspects of
macroeconomics. I conclude by briefly discussing some of these.

A first set of issues concerns the modelling of production, and hence of investment. This
chapter has followed the bulk of the asset pricing literature by concentrating on the relation
between asset prices and consumption, without asking how consumption 1s determined in
relation to investment and production. Ultimately this is unsatisfactory, and authors such
as Cochrane (1991, 1996) and Rouwenhorst (1995) have argued that asset pricing should
place a renewed emphasis on the investment decisions of firms.

Standard macroeconomic models with production, such as the canonical real business
cycle model of Prescott (1986), imply that asset prices are extremely stable. The real interest
rate equals the marginal product of capital, which is perturbed only by technology shocks
and changes in the quantity of capital; when the model is calibrated to US data the standard
deviation of the real interest rate is only a few basis points. The return on capital is equally
stable because capital can costlessly be transformed into consumption goods, so its price
is always fixed at one and uncertainty in the return comes only from uncertainty about
dividends.

If real business cycle models are to generate volatile asset returns, they must be modified
to include adjustment costs in investment so that changes in the demand for capital cause
changes in the value of installed capital, or Tobin’s ¢, rather than changes in the quantity
of capital. Baxter and Crucini (1993), Jermann (1994), and Christiano and Fisher (1995),
among others, show how this can be done. The adjustment costs affect not only asset prices,
but other aspects of the model; the response of investment to shocks falls, for example, so
larger shocks are needed to explain the cyclical behavior of investment.

The modelling of labor supply is an equally difficult problem. Any model in which workers

choose their labor supply implies a first-order condition of the form

ou ou
8—tht = TN, (82)
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where G, is the real wage and N, is labor supply. A well-known difficulty in business cycle
theory is that with a constant real wage, the marginal utility of consumption 9U/dC, will
be perfectly correlated with the marginal disutility of work —9U/dN;. Since the marginal
utility of consumption is declining in consumption while the marginal disutility of work
is increasing in hours, this implies that consumption and hours worked will be negatively
correlated. In the data, of course, consumption and hours worked are positively correlated
since they are both procyclical.

This problem can be resolved if the real wage is procyclical; then when consumption and
hours increase in an expansion the decline in marginal utility of consumption is more than
offset by an increase in the real wage. In a standard model with log utility of consumption
only a 1% increase in the real wage is needed to offset the decline in marginal utility caused
by a 1% increase in consumption. But preferences of the sort suggested by the asset pricing
literature, with high risk aversion and low intertemporal elasticity of substitution, have
rapidly declining marginal utility of consumption. These preferences imply that a much
larger increase in the real wage will be needed to offset the effect on labor supply of a given
increase in consumption. Boldrin, Christiano, and Fisher (1995) and Lettau and Uhlig (1996)
confront this problem; Boldrin, Christiano, and Fisher try to resolve it by using a two-sector
framework with limited mobility of labor between sectors. In this framework the first-order
condition (82) does not hold contemporaneously, but only in expectation.

Models with production also help one to move away from the common assumption that
stock market dividends equal consumption or equivalently, that the aggregate stock market
equals total national wealth. This assumption is clearly untrue even for the United States,
and is even less appropriate for countries with smaller stock markets. While one can relax
the assumption by writing down exogenous correlated time-series processes for dividends and
consumption in the manner of section 4.3, it will ultimately be more satisfactory to derive
both dividends and consumption within a general equilibrium model.

Another important set of issues concerns the links between different national economies

and their financial markets. In this chapter I have treated each national stock market as a
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separate entity with its own pricing model. That is, I have assumed that national econormies
are entirely closed so that there is no integrated world capital market. This assumption
may be appropriate for examining long-term historical data, but it seems questionable under
modern conditions. There is much work to be done on the pricing of national stock markets
in a model with a perfectly or partially integrated world capital market.

Finally, the asset pricing literature is important in understanding the welfare costs of
macroeconomic fluctuations. There has recently been a tendency for economists to down-
play the importance of economic fluctuations in favor of an emphasis on long-term economic
growth. But models of habit formation imply that consumers take fluctuations extremely
seriously. Fluctuations have important negative effects on welfare because they move con-
sumption in the short term, when agents have little time to adjust; reductions in long-term
growth, on the other hand, allow agents’ habit levels to adjust gradually.

This conclusion is not an artifact of a particular utility function and habit formation
process. As Atkeson and Phelan (1994) emphasize, it must result from any utility function
that explains the level of the equity premium. The choice between risky stocks and stable
money market instruments offers investors a tradeoff between the mean growth rate of their
wealth and the volatility of this growth rate. The fact that so much extra mean growth is
available from volatile stock market investments implies that investors find volatility to be
a serious threat to their welfare. Economic policymakers should take this into account when

they face policy tradeoffs between economic growth and macroeconomic stability.
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MSCI MARKET CAPITALIZATION

TABLE 1

1993
Country Vi Vi/GDP;  V;/Vusmscr Vi/(2; Vi)
(Bill. of US$) % % %

AUL 117.9 41.55 4.65 1.85
CAN 167.3 30.62 6.60 2.63
FR 272.5 22.49 10.75 4.29
GER 280.7 16.83 11.07 4.41
ITA 86.8 9.45 3.42 1.37
JAP 1651.9 39.74 65.16 25.98
NTH 136.7 45.91 5.39 2.15
SWD 62.9 36.22 2.48 0.99
SWT 205.6 87.46 8.12 3.23
UK 758.4 79.52 29.91 11.93
USA-MSCI 2535.3 37.25 100.00 39.88
USA-CRSP 4875.6 71.64 192.30




TABLE 2

INTERNATIONAL STOCK AND BILL RETURNS

Country  Sample Period Te a(re) plre) T o(ry)  plry)
USA 1947.2 - 1996.4 7.569 15.453 0.104 0.794 1.761 0.501
AUL 1970.1 - 1996.3 2.633 23.459 0.008 1.820 2.604 0.636
CAN 1970.1 - 1996.3 4.518 16.721 0.119 2.738 1.932 0.674
FR 1973.2-1996.3 | 7.207 22877 0.088 | 2736 1917 0.714
GER 1978.4-1996.3 | 8.135 20.326 0.066 | 3.338 1161  0.322
ITA 1971.2 - 1995.3 0.514 27.244 0.071 2.064 2.957 0.681
JAP 1970.2 - 1996.3 5.831 21.881 0.017 1.538 2.347 0.493
NTH 1977.2 - 1996.2 § 12.721 15.719 0.027 3.705 1.542  -0.099

SWD 1970.1 - 1995.1 7.948 23.867  0.053 1.520 2966  0.218
SWT 1982.2 - 1996.3 | 11.548 20431 -0.112 1.466 1.603 0.255

UK 1970.1 - 1996.3 7.236 21.555  0.103 1.081 3.067 0.474
USA 1970.1 - 1996.4 5893 17.355  0.076 1.350 1.722 0.568
SWD 1920 - 1994 6.219 18.654  0.064 2.073 5.918 0.708
UK 1919 - 1994 7.314 22675 -0.024 1.198 5.446  0.591

USA 1891 - 1995 6.697 18.634  0.025 1.955 8.919 0.338




TABLE 3

INTERNATIONAL CONSUMPTION AND DIVIDENDS

Country  Sample Period Ac o(Ac)  p(Ac) Ad o(Ad) p(Ad)

USA 1947.2 - 1996.4 1.921 1.085  0.221 2.225 28.794 -0.544
AUL 1970.1 - 1996.3 1.886  2.138 -0.351 0.883 36.134 -0.451
CAN 1970.1 - 1996.3 1.853 2.083 0.113 | -0.741 5.783 0.540
FR 1973.2 - 1996.3 1.600 2.121 -0.093 | -1.214 13.383 -0.159
GER 1978.4 - 1996.3 1.592 2478 -0.328 1.079 8.528 0.018
ITA 1971.2 - 1995.3 2.341 1.724  0.253 | -4.919 19.635 0.294
JAP 1970.2 - 1996.3 3.384 2347 -0.225 | -2.489 4.504 0.363
NTH 1977.2 - 1996.2 1.661 2772  -0.265 | 4.007 4.958 0.277

SWD 1970.1 - 1995.1 0.705 1.920 -0.305 1.861 13.595 0.335
SWT 1982.2 - 1996.3 | 0.376  2.246 -0.419 4.143 6.156 0.165

UK 1970.1 - 1996.3 1.991 2.583 -0.017 | 0.681 7.125 0.335
USA 1970.1 - 1996.4 1.722 0917  0.390 0619 17.229 -0.581
SWD 1920 - 1994 1.790 2.866  0.159 | 0423 12.215 0.214
UK 1919 - 1994 1.443  2.898  0.281 1.844 7.966 0.225

USA 1891 - 1995 1.773  3.256 -0.117 1.485 14.207 -0.087
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TABLE 5

THE EQUITY PREMIUM PUZZLE

Country  Sample Period | @er; o(er.) o(m) a(Ac) plere,Ac)  cov(ere, Ac) RRA(1) RRA(2)
USA 1947.2 - 1996.3 7.852 15218 51.597 1.084 0.193 3.185 246.556 47.600
AUL 1970.1 - 1996.2 3.531 23.194 15.221 2.142 0.156 7.725 45.704 7.107
CAN 1970.1 - 1996.2 3.040 16.673 18.233 2.034 0.159 5.387 56.434 8.965
FR 1973.2 - 1996.2 7.122 22844 31.175 2.130 -0.047 -2.295 < 0 14.634
GER 1978.4 - 1996.2 6.774 20.373 33.251 2.495 0.039 1.974 343.133 13.327
ITA 1971.2 - 1995.2 2.166  27.346 7.920 1.684 0.002 0.088 2465.323 4.703
JAP 1970.2 - 1996.2 6.831 21.603 31.621 2.353 0.100 5.093 134.118 13.440
NTH 1977.2 - 1996.1 9.943 15.632 63.607 2.654 0.023 0.946 1050.925 23.970
SWD 1970.1 - 1994.4 9.343 23.541 39.688 1.917 0.003 0.129 7215.176 20.705
SWT 1982.2 - 1996.2 | 12.393 20.466 60.553 2.261 -0.129 -5.978 < 0 26.785
UK 1970.1 - 1996.2 8.306 21.589 38.473 2.589 0.095 5.314 156.308 14.858
USA 1970.1-1996.3 | 5.817 16.995 34.228 0919  0.248 3875  150.136  37.255
SWD 1920 - 1993 6.000 18.906 31.737 5.723 0.169 9.141 65.642 11.091
UK 1919 - 1993 8.677 21.706 39.974 5.641 0.355 21.738 39.914 14.174
USA 1891 - 1994 6.258 18.534 33.767 6.515 0.497 30.001 20.861 10.366




TABLE 6

THE RISKFREE RATE PUZZLE

Country  Sample Period 7F Ac  o(Ac) | RRA(1) TPR(1) | RRA(2) TPR(2)
USA 1947.2 - 1996.3 | 0.794 | 1.908  1.084 | 246.556 -112.474 47.600  -76.710
AUL 1970.1-1996.2 | 1.820 | 1.854  2.142 | 45.704 -34.995 7.107  -10.196
CAN 1970.1-1996.2 | 2738 | 1.948 2034 | 56.434 -41.346 8.965  -13.066
FR 1973.2-1996.2 | 2.736 | 1.581  2.130 <0 N/A 14.634  -15.536
GER 1978.4-1996.2 | 3.338 | 1.576  2.495 | 343.133 >1000 13.327  -12.142
ITA 1971.2-1995.2 | 2.064 | 2424 1.684 | >1000  >1000 4.703 -9.021
JAP 1970.2-1996.2 | 1538 | 3.416  2.353 | 134.118  41.222 13.440  -39.375
NTH 1977.2-1996.1 | 3.705 | 1466 2654 | >1000  >1000 23.970  -11.201

SWD 1970.1 - 1994.4 1.520 0.750 1.917 >1000 >1000 20.705 -6.126

SWT 1982.2 - 1996.2 1.466 0414  2.261 <0 N/A 26.785 8.698
UK 1970.1 - 1996.2 1.081 2.025 2.589 | 156.308  503.692 14.858  -21.600
USA 1970.1 - 1996.3 1.350 1.710 0.919 | 150.136 -160.275 37.255 -56.505
SWD 1920 - 1993 2.073 1.748 2.862 65.642 63.778 11.091 -12.274
UK 1919 - 1993 1.198 1.358 2.820 | 39.914 10.364 14.174 -10.057

USA 1891 - 1994 1.955 1.742 3.257 | 20.861 -11.305 10.366 -10.406




TABLE 7

INTERNATIONAL YIELD SPREADS AND BOND EXCESS RETURNS

Country  Sample Period 3 o(s) p(s) s o(ery) plery)
USA 1947.2 - 1996.4 1.199 0.999 0.783 0.011 8.923 0.070
AUL 1970.1-1996.3 | 0.938 1669 0.750 | 0.156  8.602 0.162
CAN 1970.1 - 1996.3 1.057 1.651 0.819 0.950 9.334 -0.009
FR 1973.2 - 1996.3 0.917 1.547 0.733 1.440 8.158 0.298
GER 1978.4 - 1996.3 0.991 1.502 0.869 0.899 7.434 0.117
ITA 1971.2 - 1995.3 | -0.200 2.025 0.759 | -1.386 9.493 0.335
JAP 1970.2 - 1996.3 0.593 1.488 0.843 1.687 9.165 -0.058
NTH 1977.2 - 1996.2 1.212 1.789 0.574 1.549 7.996 0.032

SWD 1970.1 - 1995.1 0930 2.046 0.724 | -0.212 7.575 0.244
SWT 1982.2-1996.3 | 0.471 1.655  0.755 1.071 6.572 0.268

UK 1970.1 - 1996.3 1.202 2.106  0.893 0.959 11.611 -0.057
USA 1970.1 - 1996.4 1.562 1.190  0.737 1.504 10.703 0.033
SWD 1920 - 1994 0.284 1.140  0.280 | -0.075 6.974 -0.185
UK 1919 - 1994 1.272 1.505  0.694 0.318 8.812 -0.098

USA 1891 - 1995 0.720 1.550  0.592 0.172 6.499 0.153




TABLE 8

THE BOND PREMIUM PUZZLE

Country Sample Period wer; olery) o(m) o(Ac)  plers,Ac) cov(ers,Ac) RRA(1) RRA(2)
USA 1947.2 - 1996.3 0.320 8.924 3.591 1.084 0.066 0.642 49.949 3.313
AUL 1970.1 - 1996.2 0.227 8.510 2.669 2.142 0.076 1.384 16.410 1.246
CAN 1970.1 - 1996.2 1.232 9.344 13.189 2.034 0.097 1.853 66.521 6.485
FR 1973.2 - 1996.2 1.569 8.143 19.268 2.130 0.036 0.628 249.811 9.045
GER 1978.400 - 1996.200 1.017 7.455 13.636 2.495 0.117 2.177 46.707 5.465
ITA 1971.2 - 1995.2 -1.157 9.479 -12.208 1.684 0.032 0.506 < 0 <0

JAP 1970.2 - 1996.2 1.983 9.186 21.591 2.353 0.040 0.857 231.325 9.177
NTH 1977.2 - 1996.1 1.843 8.048 22.897 2.654 0.005 0.098 1883.552 8.629
SWD 1970.1 - 1994 .4 0.051 7.612 0.673 1.917 0.084 1.225 4.181 0.351
SWT 1982.2 - 1996.2 0.965 6.517 14.812 2.261 -0.135 -1.992 < 0 6.552
UK 1970.1 - 1996.2 1.555 11.659 13.339 2.589 0.121 3.660 42.491 5.151
USA 1970.1 - 1996.3 1.929 10.725 17.985 0.919 0.219 2.160 89.287 19.575
SWD 1920 - 1993 -0.244 6.260 -3.900 5.723 0.013 0.233 < 0 < 0

UK 1919 - 1993 0.965 8511 11.338 5.641 0.309 7.411 13.021 4.020
USA 1891 - 1994 0.498 6.412 7.770 6.515 0.121 2.536 19.645 2.385




TABLE 9

THE EQUITY-BOND PREMIUM PUZZLE

Country Sample Period | @eryy  o(ere) o(m) o(Ac)  pleres,Ac)  coviera, Ac) RRA(1) RRA(2)
USA 1947.2 - 1996.3 7.532 15.988 50.350 1.084 0.147 2.543 316.530 46.450
AUL 1970.1 - 1996.2 3.303 22114 15.469 2.142 0.134 6.341 53.950 7.223
CAN 1970.1 - 1996.2 1.807 15754  13.299 2.034 0.110 3.534 59.287 6.539
FR 1973.2 - 1996.2 55563 21.306 26.024 2.130 -0.064 -2.923 < 0 12.216
GER 1978.4 - 1996.2 5.757 20400 29.613 2.495 -0.004 -0.202 < 0 11.869
ITA 1971.2 - 1995.2 3.323 26.796  13.522 1.684 -0.009 -0.418 < 0 8.030
JAP 1970.2 - 1996.2 4.847 21.800 24.368 2.353 0.083 4.236 125.416 10.357
NTH 1977.2 - 1996.1 8.100 15.530 54.141 2.654 0.021 0.848 991.204 20.402
SWD 1970.1 - 1994.4 9.202 22.061 41.902 1.917 -0.026 -1.096 < 0 21.860
SWT 1982.2 - 1996.2 | 11.427  20.130  57.483 2.261 -0.088 -3.987 < 0 25.427
UK 1970.1 - 1996.2 6.751 17.416  37.990 2.589 0.037 1.654 400.069 14.672
USA 1970.1 - 1996.3 | 3.888 17.580 25964 0919  0.106 1.714 266.268  28.260
SWD 1920-1993 | 6.244 19.622 33.525 5723  0.159 8.908 73.845  11.715
UK 1019-1993 | 7712 18043 40.713 5641  0.282 14.327 51.273  14.436
USA 1891 - 1994 5.760 18954  31.890 6.515 0.445 27.464 22.009 9.790




TABLE 10

PREDICTABLE VARIATION IN RETURNS AND CONSUMPTION GROWTH

(1) 7541 = pi + (1/9) Acesr + Mit41

(2) Actr1 =Ti + Prippr + et

Country  Sample Period  Asset | First-stage regressions (1 /1/;) P Test Test
T Ac (s.e) (s.e.) 1) (2)

USA 1947.2 - 1996.3 Ty 0.160 0.037 0.260 0.025 0.165 0.037
0.000 0.077 0.740 0.114 0.000 0.027

Te 0.065 0.037 -8.187 -0.021 0.035 0.025

0.003 0.077 7.069 0.028 0.033 0.090

AUL 1970.2 - 1996.2 Ty 0.404 0.013 4.450 0.099 0.017 0.008
0.000 0.432 2.973 0.107 0.419 0.676

Te 0.060 0.013 20.250 0.038 0.004 0.003

0.034 0.432 13.145 0.026 0.828 0.856

CAN 1970.2 - 1996.2 s 0.292 0.048 -0.970 -0.174 0.142 0.041
0.000 0.042 0.677 0.177 0.001 0.123

Te 0.040 0.048 6.635 0.130 0.004 0.004

0.269 0.042 4.536 0.092 0.822 0.819

FR 1973.2 - 1996.2 Tf 0.519 0.010 -2.189 -0.051 0.073 0.009
0.000 0.751 2.170 0.133 0.037 0.667

Te 0.111 0.010 -27.662 -0.021 0.006 0.004

0.006 0.751 29.994 0.026 0.750 0.833

GER 1978.4 - 1996.2 s 0.062 0.057 0.481 1.773 0.005 0.005
0.328 0.085 0.354 1.141 0.840 0.841

Te 0.046 0.057 -6.117  -0.079 0.017 0.018

0.050 0.085 4.992 0.066 0.569 0.547

ITA 1971.2 - 1995.2 Ts 0.405 0.010 -2.432 -0.019 0.171 0.010
0.000 0.877 3.353 0.113 0.000 0.624

Te 0.048 0.010 19.919 0.016 0.013 0.007

0.278 0.877 26.244 0.034 0.540 0.734

JAP 1970.2 - 1996.2 Ty 0.203 0.044 -0.446  -0.093 0.162 0.041
0.002 0.081 0.464 0.266 0.000 0.121

Te 0.115 0.044 11.028 0.047 0.026 0.019

0.001 0.081 5.458 0.027 0.260 0.376

NTH 1977.2 - 1996.1 Ty 0.248 0.024 0.167 0.052 0.218 0.023
0.000 0.373 0.385 0.428 0.000 0.428

Te 0.021 0.024 -4.532 -0.138 0.005 0.005

0.756 0.373 6.571 0.162 0.835 0.832




TABLE 10 (ctd.)

PREDICTABLE VARIATION IN RETURNS AND CONSUMPTION GROWTH

(1) rige1 = pi + /) At + Mgt

(2) Acgr1 =T +¥Tipe1 + it

Country  Sample Period  Asset | First-stage regressions (1 ]w) P Test Test
T; Ac (s.e.) (s.e.) (1) (2)

SWD 1970.2 - 1994.4 T§ 0.262 0.005 -1.056 -0.007 0.197  0.005
0.000 0.806 2949 0.085 0.000 0.779

Te 0.110 0.005 15.210 0.004  0.047  0.005

0.039 0.806 21.187 0.017 0.107  0.790

SWT 1082.2 - 1996.2 Tf 0.194 0.007 0.731 0.065 0074 0.006
0.000 0.887 1.273 0397 0136 0844

Te 0.033 0.007 20.084 0.048 0.000  0.000

0.270 0.887 31.100 0.070 0.996  0.996

UK 1970.2 - 1996.2 Ts 0.306 0.057 1.992 0.260 0.047  0.028
0.000 0.042 0.988 0.136 0.090  0.238

Te 0.097 0.057 -4.493 -0.038 0.056  0.040

0.094 0.042 3.793 0034 0.058  0.132

USA 1970.2 - 1996.3 Tf 0.307 0.071 1573 0.102 0.188  0.062
0.000 0.015 0.704 0.111  0.000 0.041

Te 0.069 0.071 4977 0016 0.069 0.071

0.095 0.015 7677 0.023 0.029  0.025

SWD 1920 - 1993 s 0.302 0.052 2.740 0.194  0.037  0.023
0.000 0.202 1466  0.161  0.266  0.437

Te 0.041 0.052 -1.537 -0.043 0.034  0.041

0.342 0.202 3.349 0.082 0304 0.236

UK 1920 - 1993 ry 0.265 0.061 2499 0.197 0.056  0.033
0.000 0.140 1.509 0.123 0.139 0.314

Te 0.147 0.061 5.861 0.037 0.115 0.055

0.096 0.140 4569 0.021 0017 0.144

USA 1891 - 1994 Tf 0.013 0.065 -0.293 -0.202 0.012  0.049
0.783 0.004 0.892 0.341 0.552  0.085

Te 0.037 0.065 0.723 0038 0.040 0.074

0.184 0.004 2.003 0.070 0132 0.024




INTERNATIONAL STOCK PRICES AND DIVIDENDS

TABLE 11

Country  Sample Period | P/D o(p—d) p(p—d) ADF(1) Ap Ad Ap—d
USA 1947.2 - 1996.4 | 27.121 0.265 0.941 -1.752 3.547 2.225 1.688
AUL 1970.1 - 1996.3 | 25.919 0.267 0.856 -3.273 -1.410 0.883  -2.477
CAN 1970.1 - 1996.3 | 30.108 0.221 0.902 -1.900 0.754 -0.741 1.200
FR 1973.2 - 1996.3 | 22.718 0.541 0.971 -1.310 1.358 -1.214 2.538
GER 1978.4 - 1996.3 | 27.787 0.300 0.922 -1.660 4.186 1.079 3.853
ITA 1971.2 - 1995.3 | 41.345 0.318 0.882 -3.743 -2.172  -4.919 3.531
JAP 1970.2 - 1996.3 | 91.251 0.642 (.964 -1.574 4.192 -2.489 6.974
NTH 1977.2 - 1996.2 | 21.139 0.272 0.932 -0.727 7.540 4.007 3.637
Sp 1984.2 - 1996.2 | 22.509 0.319 0.823 -3.075 6.843 -3.086 10.078
SWD 1970.1 - 1995.1 | 35.021 0.439 0.941 -1.632 4.922 1.861 3.499
SWT 1982.2 - 1996.3 | 47.320 0.217 0.814 -1.588 9.291 4.143 6.074
UK 1970.1 - 1996.3 | 18.434 0.280 0.913 -1.657 1.464 0.681 0.579
USA 1970.1 - 1996.4 | 27.882 0.235 0.904 -1.372 2.034 0.619 1.582
SWD 1920 - 1994 26.706 0.333 0.746 -0.768 2.129 0.423 2.054
UK 1919 - 1994 20.806 0.238 0.514 -4.093 2.064 1.844 0.220
USA 1891 - 1995 22.733 0.279 0.778 -1.868 2.064 1.485 0.477
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Notes for Tables

Notes for Table 1: V; is the stock index market capitalization in billions of 1993 US dollars.
All stock index data are from Morgan Stanley Capital International (MSCI), except for USA-
CRSP which is from the Center for Research in Security Prices. V;/GDP; is the index market
capitalization as a percentage of 1993 GDP, V;/Vysmscr is the index market capitalization
as a percentage of the market capitalization of the US MSCI index, and V;/(3; Vi) is the
percentage share of the index market capitalization in the total market capitalization of all
the MSCI indexes. AUL denotes Australia, CAN Canada, FR France, GER Germany, ITA
Italy, JAP Japan, NTH Netherlands, SWD Sweden, SWT Switzerland, UK United Kingdom,
USA United States.

Notes for Table 2: 7; is the mean log real return on the stock market index, multiplied
by 400 in quarterly data or 100 in annual data to express in annualized percentage points.
o(r.) is the standard deviation of the log real return on the market index, multiplied by 200
in quarterly data or 100 in annual data to express in annualized percentage points. p(7e)
is the first-order autocorrelation of the log real return on the market index. 77, o(rs), and
p(r;) are defined in the same way for the real return on a 3-month money market instrument.
The money market instruments vary across countries and are described in detail in the Data
Appendix. AUL denotes Australia, CAN Canada, FR France, GER Germany, ITA Italy,
JAP Japan, NTH Netherlands, SWD Sweden, SWT Switzerland, UK United Kingdom,
USA United States.

Notes for Table 3: Ac is the mean log real consumption growth rate, multiplied by 400 in
quarterly data or 100 in annual data to express in annualized percentage points. o(Ac) is the
standard deviation of the log real consumption growth rate, multiplied by 200 in quarterly
data or 100 in annual data to express in annualized percentage points. p(Ac) is the first-
order autocorrelation of the log real consumption growth rate. Ad, o(Ad), and p(Ad) are

defined in the same way for the real dividend growth rate. Consumption is nondurables and



services consumption in the US, and total consumption elsewhere. AUL denotes Australia,
CAN Canada, FR France, GER Germany, ITA Italy, JAP Japan, NTH Netherlands, SWD
Sweden, SWT Switzerland, UK United Kingdom, USA United States.

Notes for Table 4: The table gives the contemporaneous cross-correlations of real con-
sumption growth Ac, real dividend growth Ad, and the stock index return re, where these
variables are measured at horizons of 1, 4, 8, or 16 quarters in quarterly data and 1, 2, 4,
or 8 years in annual data. The timing convention used for consumption is that consump-
tion measured in a given quarter corresponds to beginning-of-quarter consumption, so log
consumption growth for the quarter is the log of next quarter’s consumption divided by this
quarter’s consumption. AUL denotes Australia, CAN Canada, FR France, GER Germany,
ITA Italy, JAP Japan, NTH Netherlands, SWD Sweden, SWT Switzerland, UK United
Kingdom, USA United States.

Notes for Table 5: @er, is the average excess log return on stock over a money market
instrument, plus one half the variance of this excess return: @er, = re — ry + o*(r. — ) /2.
It is multiplied by 400 in quarterly data and 100 in annual data to express in annualized
percentage points. o(er.) and o(Ac) are the standard deviations of the excess log return
er, = r, — r; and consumption growth Ac, respectively, multiplied by 200 in quarterly data
and 100 in annual data to express in annualized percentage points. o(m) = 100@er;/o(er,) is
calculated from equation (12) as a lower bound on the standard deviation of the log stochastic
discount factor, expressed in annualized percentage points. p(er., Ac) is the correlation of er.
and Ac. cov(er,, Ac) is the product o(er.)o(Ac)p(er, Ac). RRA(1) is 100a@er,/cov(ere, Ac),
a measure of risk aversion calculated from equation (16) using the empirical covariance of
excess stock returns with consumption growth. RRA(2) is 100@er./o(er.)o(Ac), a measure
of risk aversion calculated using the empirical standard deviations of excess stock returns
and consumption growth, but assuming perfect correlation between these series. AUL de-
notes Australia, CAN Canada, FR France, GER Germany, ITA Italy, JAP Japan, NTH
Netherlands, SWD Sweden, SWT Switzerland, UK United Kingdom, USA United States.



Notes for Table 6: 77 is the mean money market return from Table 2, in annualized
percentage points. Ac and o(Ac) are the mean and standard deviation of consumption
growth from Table 3, in annualized percentage points. RRA(1) and RRA(2) are the risk
aversion coefficients from Table 5. TPR(1) = 77 — RRA(1)Ac + RRA(1)*0*(Ac)/200, and
TPR(2) = 77 — RRA(2)Ac + RRA(2)%0*(Ac)/200. From equation (17), these time pref-
erence rates give the real interest rate, in annualized percentage points, that would prevail
if consumption growth had zero mean and zero standard deviation and risk aversion were
RRA(1) or RRA(2), respectively. AUL denotes Australia, CAN Canada, FR France, GER
Germany, ITA Italy, JAP Japan, NTH Netherlands, SWD Sweden, SWT Switzerland, UK
United Kingdom, USA United States.

Notes for Table 7: 3 is the mean of the log yield spread, the difference between the log
yield on long-term bonds and the log 3-month money market return, expressed in annualized
percentage points. o(s) is the standard deviation of the log yield spread and p(s) is its first-
order autocorrelation. €7, o(ery), and p(ery) are defined in the same way for the excess
3-month return on long-term bonds over money market instruments, where the bond return
is calculated from the bond yield using the par-bond approximation given in Campbell,
Lo, and MacKinlay (1997), Chapter 10, equation (10.1.19). Full details of this calculation
are given in the Data Appendix. AUL denotes Australia, CAN Canada, FR France, GER
Germany, ITA Italy, JAP Japan, NTH Netherlands, SWD Sweden, SWT Switzerland, UK
United Kingdom, USA United States.

Notes for Table 8: This table repeats the calculations of Table 5 using long-term bond
returns in place of stock returns. Bond returns are calculated from bond yields using the par-
bond approximation given in Campbell, Lo, and MacKinlay (1997), Chapter 10, equation
(10.1.19). Full details of this calculation are given in the Data Appendix. AUL denotes Aus-
tralia, CAN Canada, FR France, GER Germany, ITA Italy, JAP Japan, NTH Netherlands,
SWD Sweden, SWT Switzerland, UK United Kingdom, USA United States.



Notes for Table 9: This table repeats the calculations of Table 5 measuring excess stock
returns over long-term bond returns rather than money-market returns. Bond returns are
calculated from bond yields using the par-bond approximation given in Campbell, Lo, and
MacKinlay (1997), Chapter 10, equation (10.1.19). Full details of this calculation are given

in the Data Appendix. The adjusted excess return on equities over long-term bonds, @é¥e,

is defined from equation (16) as @erg = (r. — 74) — (s — 77) + 02 (re — r5) /2 — 0*(ry —75) /2.
It is multiplied by 400 in quarterly data and 100 in annual data to express in annualized
percentage points. AUL denotes Australia, CAN Canada, FR France, GER Germany, ITA
Italy, JAP Japan, NTH Netherlands, SWD Sweden, SWT Switzerland, UK United Kingdom,
USA United States.

Notes for Table 10: This table reports two-stage least squares estimation results for
equations (24) and (25). The first set of results for each country uses the short-term real
interest rate, while the second set uses the real stock return. The instruments are the asset
return, the consumption growth rate, and the log price-dividend ratio, lagged twice. For each
asset and set of instruments, the first two columns show the R? statistics, with significance
levels below, for first-stage regressions of the asset return and consumption growth rate onto
the instruments. The third column shows the IV estimate of 1/ from (24) with its standard
error below, and the fourth column shows the IV estimate of ¥ from (25) with its standard
error below. The fifth column, headed “Test (1)”, shows the R? statistic for a regression
of the residual from (24) on the instruments, with the associated significance level below
of a test of the over-identifying restrictions of the model. The sixth column, headed “Test
(2)” is the equivalent of the fifth column for (25). AUL denotes Australia, CAN Canada,
FR France, GER Germany, ITA Italy, JAP Japan, NTH Netherlands, SWD Sweden, SWT
Switzerland, UK United Kingdom, USA United States.

Notes for Table 11: P/D is the mean price-dividend ratio. o(p — d) is the standard
deviation of the log price-dividend ratio in natural units (not annualized percentage points).

p(p — d) is the first-order autocorrelation of the log price-dividend ratio. ADF(1) is the



augmented Dickey-Fuller t-ratio for the lagged log price-dividend ratio when the change in
the log price-dividend ratio is regressed on a constant, four lagged changes, and the lagged log
price-dividend ratio. Ap, Ad, and Ap — d are the mean changes in log prices, log dividends,
and the log price-dividend ratio respectively. AUL denotes Australia, CAN Canada, FR
France, GER Germany, ITA Italy, JAP Japan, NTH Netherlands, SWD Sweden, SWT
Switzerland, UK United Kingdom, USA United States.

Notes for Table 12: The table reports regression coeflicients B(k), t-statistics t(B(k)) and
R? statistics R%(k) for regressions whose dependent variables are real consumption growth,
real output growth, or real dividend growth (panel A), or real returns on 3-month money mar-
ket instruments, excess stock returns over money market instruments, stock market volatility
measured as squared excess stock returns, or excess returns on bonds over money market
instruments (panel B), all measured in natural units (not annualized percentage points) at
horizons k of 4, 8, or 16 quarters in quarterly data or 1, 4, or 8 years in annual data. The
independent variable in every regression is the log price-dividend ratio, normalized by divid-
ing by its standard deviation. The ¢-statistics are corrected for heteroskedasticity and serial
correlation in the equation errors using the Newey-West method. AUL denotes Australia,
CAN Canada, FR France, GER Germany, ITA Italy, JAP Japan, NTH Netherlands, SWD
Sweden, SWT Switzerland, UK United Kingdom, USA United States.

Notes for Table 13: The table repeats the results of Table 12 using the yield spread
on long-term bonds over money market instruments as the explanatory variable. AUL de-
notes Australia, CAN Canada, FR France, GER Germany, ITA Italy, JAP Japan, NTH
Netherlands, SWD Sweden, SWT Switzerland, UK United Kingdom, USA United States.



