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Abstract

The aim of this paper is to empirically examine the economic mechanisms underlying
the correlation of stock and bond returns. Using a Campbell-Shiller decomposition we ex-
press unexpected stock and bond returns into news components related to macroeconomic
fundamentals. The variance and covariance of these news components should constitute
the variance and covariance of stock and bond returns. We therefore attempt to use time-
varying comovement among the innovations to shed light on the economic mechanisms
driving the time variation in the realised second moments of stock and bond returns. Us-
ing survey forecast data for the macroeconomic components we show that the uncertainty
in cash flow and real short-term interest rate is able to explain the variation in excess stock
variance up to an R? of 16%. The variation in excess bond variance can be attributed to
the uncertainty in the long-run inflation rate and real short-term interest rate up to an R?
of 16%. As for the covariance between stock and bond returns, through the interaction
between several of the macroeconomic news components we are able to account for up to
26% of the variation. Our findings highlight the importance of the interaction between

cash flow news and real short-term interest rate news for negative stock-bond correlation.
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1 Introduction

It has been well documented that there is substantial time variation in the correlation
between the US stock market and long-term government bond returns, including periods
of negative correlation. The mechanisms of this time variation however, are far less under-
stood. This is an important question since stock-bond correlation plays a pivotal role in
most investors’ asset allocation decisions and thus diversification benefits. It seems that
investors are keenly aware of this since |Agnew and Balduzzi [2006] empirically document
that investors re-balance between stocks and bonds in response to price changes in these
markets. In this paper, we aim to explore the economic mechanisms driving the time

variation in stock-bond correlation using macroeconomic forecasts.
[Figure 1 about here.]

Correlation is defined as the covariance of returns divided by the respective volatilities.
We make this distinction to highlight the importance of the respective components. Figure
plots the monthly realised volatility, covariance and correlation of the US stock and 10-
year US Treasury bond returns. It is clear from this that for an investor with a portfolio
of stocks and bonds, any diversification benefits being sought by the investor will depend
crucially on both the covariance and volatility of returns. For instance, in the early 1990’s
when the covariance remained fairly constant but volatility changes across these markets
were highly correlated; as can be seen from Figure[l} the correlation decreases. We there-
fore concentrate our study on explaining the time variation in covariance and variances of

stock and bond returns.

We use the Campbell-Shiller (1988) decomposition as a theoretical framework to express
unexpected stock and bond returns as components related to economic fundamentals.
The decomposition uses an accounting identity to decompose unexpected stock returns
into changing expectations (i.e. unexpected values) of future real cash flow, future real
short-term interest rates and the future excess returns on stocks (stock risk premium).
Unexpected bond returns are decomposed into changing expectations of future inflation
rates (this determines the real value of the nominal bond payments), future real short-term
interest rates and future excess returns on long-term bonds (bond risk premium). Since
the variance and covariance of these components constitute the variance and covariance
of stock and bond returns, we attempt to use time-varying comovement among the funda-
mental components to shed light on the economic mechanisms driving the time variation

in the realised second moments of stock and bond returns.



Campbell and Ammer| [1993] use such a framework within a vector autoregressive (VAR)
model. They estimate their model implicitly assuming that the stock-bond correlation is
time—invariantﬂ such an assumption is not supported by the empirical evidence in Figure
Recently, several studies including Chen and Zhao| [2009] show that use of a VAR
model is extremely sensitive to the choice of state variables and can thus lead to differing
conclusions depending on the choice of state variables. Recently, [Piazzesi and Schneider
[2011] show that investors’ actual historical predictions (from survey forecast data) are
different from the in-sample statistical predictions obtained from using a VAR model.
Thus by using actual historical forecasts rather than statistical forecasts to obtain the ex-
pected values of the decomposed components, our method can better help to understand

the true nature of asset pricing puzzles such as the time variation in stock-bond correlation.

Our novel approach consists of using survey forecast data from the BlueChip Economic
Indicators (BCEI) survey to obtain a time-series of expected values for the fundamental
components of the decomposition, namely cash flow, short-term interest rate and excess
bond returns. To our knowledge this data has not been used before to study stock-bond
correlation. Forecasts for the inflation rate are obtained from a structural model developed
at the Federal Reserve Bank of Cleveland by [Haubrich and Bianco| [2010] and forecasts
of excess stock returns are obtained by using a predictive linear model on a range of
state variables known in the literature to display some predictability for stock returns
(Campbell and Shiller| [1988], Cochrane and Piazzesi| [2005]). We document the approach
in more detail in the subsequent sections. Once we have a time-series of forecasts for
the decomposed components together with knowing the realised values, time-series of the
unexpected values (news) of these components are easily obtained. We then use the Dy-
namic Conditional Correlation (DCC) model introduced by Engle [2002] to describe the
time-varying comovement among these news components and look at the extent to which
these explain the time variation in the second moments of stock and bond returns. As
a robustness check we also estimate an Exponential Weighted Moving Average (EWMA)

model in place of the DCC model to check the significance of our results.

As for related literature on stock-bond correlation, the works by |Chordia et al.[[2005] and

Goyenko| [2006] find that stock-bond comovement is due to time variation in investors’

!They use a Generalised Method of Moments (GMM) approach correcting for the heteroskedasticity and
autocorrelation of the pricing errors but which ultimately assumes a constant variance-covariance matrix
of the pricing errors.



liquidity needs. Since stock and bond markets are highly integrated, the author’s argue
that liquidity has a cross-market effect, which they attribute to trading activity across
these markets. More recently, Baele et al.| [2010] use a dynamic factor model to find that
liquidity plays an important role, while macroeconomic factors contribute very little to
movements in second moments of stock-bond returns. [Viceira [2010] also reports that
financial variables such as the yield spread and the short term nominal rate are able to
positively forecast the stock-bond covariance. Works by |Gulko| [2002], (Connolly et al.
[2005] and |Connolly et al.| [2007] study the effect of a flight-to-quality in asset markets on
stock-bond comovement. Generally they find that rising stock market uncertaintyﬂ tends
to decrease the comovement between stock and bond markets, thus causing a decoupling

of these asset classes.

Our empirical investigation uncovers several new results and also confirms several previous
findings. We find that uncertainty in cash flow and uncertainty in future excess returns
are able to explain up to 16% in the monthly time variation of stock variance. The dy-
namics between these two uncertainties also contribute to stock market volatility. Such
an observation appears plausible if one considers the large cash flow shocks observed in
the recent financial crisis and the corresponding volatility of the stock markets. As for the
bond market, uncertainty in the future inflation rate and the real interest rate are able to
contemporaneously explain up to 16% in the monthly variation in bond variance. We find
that the interaction between the uncertainties also plays a significant role in explaining
bond variance. Even though the inflation rate over our sample period is relatively low and
stable, it seems that inflation plays a major role in the volatility of bond returns (Camp-
bell et al. [2009b]). The real interest rate news also appears important since unexpected
decreases of the real interest rate during the recent financial would have pushed bond

prices up which would have been accompanied by an increase in bond market variance.

Regarding the covariance between stock and bond returns, the uncertainty in cash flow,
inflation rate, real interest rate and excess stock returns can explain up to 26% of the
variation in the covariance. We empirically document the importance of three terms in
driving the dynamics of stock-bond covariance: the uncertainty between cash flow news
and real interest rate news, the uncertainty between future excess stock return news and

inflation news and the uncertainty between excess stock return news and real interest rate

2This is often proxied for by using a market volatility index such as CBOE’s VIX Index, which measures
the implied volatility of options on the Standard & Poor’s 500 stock index. It is often called the “fear
index” by market practitioners. For more details on the history and purposed of this index see [Whaley!
[2009].



news. Such findings are contrary to David and Veronesi| [2008] who motivate the covari-
ance between shocks to cash flow and inflation in the dynamics of stock-bond correlatiorﬂ
Our findings highlight the importance of shocks to the real short-term interest rate. In-
deed recently |Viceira, [2010] motivate the short-rate as a proxy for the business-cycle and

demonstrate its importance for stock-bond correlation.

Given that we adjust the short-rate for inflation to obtain the real short-term interest
rate, shocks to the real short-rate thus incorporate shocks to inflation. Therefore, the
real short-term interest rate news series not only incorporates revisions to the expected
business cycle but also revisions to the expected inflation rate (i.e. the informational con-
tent of inflation rate news), thus making it an important factor in the time variation of
stock-bond covariance. We further demonstrate that the mechanism by which stock and
bond returns become negatively correlated is through uncertainty between cash flow news
and real interest rate news. A possible reason being that an unexpected increase in the
real short-rate is bad news for bond returns (either from the inflation rate or short-rate
being higher than expected), while an unexpected increase in cash flow is good news for
stock returns. This is contemporaneously accompained by an increase in stock prices and
a decrease in stock prices (investors sell their bonds in favour of stocks), thus driving the
correlation to be negative. Our results highlight that macroeconomic factors do have the
ability to partially explain the time variation in the second moments of stock and bond
returns contrary to the conclusions of Baele et al.[[2010]. We thus investigate the economic

mechanisms that drive the (co)variance of stock and bond returns.

Our research is related to three streams of the literature with three resulting contribu-
tions. First, similar to |Campbell and Ammer| [1993] we employ a dynamic accounting
framework using the Campbell-Shiller decomposition in order to directly investigate the
role of macroeconomic factors in changing stock and bond prices. |[Campbell and Ammer
[1993] use a VAR model to examine the offsetting effects on the variances and covariance
of stock and bond returns. They find that while unexpected shocks to the real interest rate
drive returns of stocks and bonds in the same direction, expected inflation increases excess
stock returns and lowers excess bond returns. However,|(Campbell and Ammer| [1993] focus
on the unconditional moments and thus implicitly assume that the stock-bond correlation

is constant. We contribute to this strand of literature by using analyst forecasts to gener-

3More precisely they form a model of stock-bond dynamics subject to economic regimes. The uncer-
tainty between cash flow shocks and inflation shocks will then affect the prices of stocks and bonds in
differing ways depending on the current economic regime.



ate a time-series of forecasts for the decomposed components of stock and bond returns,
and are thus able to investigate the time variation of stock-bond correlation. We believe
we are among the first to demonstrate the informational content of survey forecasts on

the variation in stock-bond correlation.

Second, our paper is related to previous theoretical work that has attempted to shed light
on the underlying economic linkages that tie fundamentals to stock-bond return volatilities
and covariances. For instance, Barsky| [1989] was amongst the first to investigate this by
proposing a general equilibrium model to show that unconditional stock-bond covariance is
state—dependentﬁ Other studies have adopted the approach of using a stock-bond pricing
model incorporating various economic mechanisms in order to explain the time variation of
the correlation. Bekaert et al. [2010] employ a model where agents who are pricing stocks
and bonds have stochastic risk aversion, |[David and Veronesi [2008] base their model on
investors learning about the expected components of earnings and inflation from other
fundamental components, while (Campbell et al. [2009b] propose a pricing model with a
latent factor to capture the covariance between inflation and the real economy, to create
a model with the ability to generate time varying stock-bond covariance. Since all these
economic models have had limited success in explaining the time variation of stock and
bond (co)variance, our contribution is to empirically demonstrate the economic mecha-
nisms that drive changes in the volatility and correlation of stock and bons returns over

time.

Third, econometric tools have been developed to acknowledge and describe the time vari-
ation in correlation. Specifically for stock and bond returns, [De Goeij and Marquering
[2004] and (Cappiello et al. [2006] both develop and estimate dynamic correlation models.
We contribute to this strand of literature by adopting the Dynamic Conditional Corre-
lation (DCC) model of Engle| [2002] to explicitly obtain (co)variance time series of stock
and bond return news components, allowing us to investigate the their role in explaining
stock-bond (co)variance. Such a tool allows us to extend the work done by |Viceira| [2010]
to directly explore the time variation in the covariance of the news components of both

stock and bond returnsﬂ hence directly investigating the role of the interaction of macroe-

4He found that low productivity growth and high market risk are likely to lower both corporate profits
and the real interest rate, which propels stock and bond prices in opposite directions. Note that similarly to
Campbell and Ammer|[1993], this study also implicitly assumes that the stock-bond correlation is constant
over time.

%Viceiral [2010] use a VAR approach to study the covariance of bond return news components with the
short term nominal rate and yield spread. By using excess stock returns as one of the state variables, the
role of the short rate and yield spread on stock-bond correlation was also examined. Our paper instead



conomic factors on stock-bond correlation.

The rest of the paper is structured as follows. Section [2| presents the theoretical ex-
pressions of the second moments of stock and bond returns using the Campbell-Shiller
decomposition. Section [3| outlines the data sources for our survey forecasts and historical
data. Section [4] details the method of construction for the component news time series.
Discussion of our results and robustness checks are made in Sections [5] and [6] respectively.

Concluding remarks are in Section [7]

2 Theoretical stock-bond correlation

The decomposition of (Campbell and Shiller| [1988] and |Campbell and Ammer| [1993| pro-
vide a convenient theoretical framework for our empirical work. Their methodology al-
lows us to express the innovation to a long-term asset return as the sum of revisions in
the expected decomposed components. In the next sections we show how the conditional
stock-bond correlation can be written as various components on stock and bond return

innovations. First we decompose innovations to stock returns into their constituent parts.

2.1 Surprises in stock returns

Stocks have claim to stochastic cash flows. Appendix A derives the innovation to stock
returns as changing expectations of future real dividend growth, future real interest rates

and future excess stock returns:
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where ef is the log excess stock return at time ¢, r; is the log real short term interest
rate, p is a constant discount factor, d; is the log real dividend paid at time t and A is
the one-period backwards difference. This equation for stock returns relates the unex-
pected stock return at time ¢ 4+ 1 to changes in rational expectations (otherwise known
as surprises, innovations or news) of future dividends, future expected interest rates and
future excess returns. Note that E; denotes the expectation formed at time ¢, conditional
on an information set that includes the history of stock prices, short term interest rates
and dividends up to time ¢. Equation [I|is an identity which is obtained through imposing

internal consistency on expectations to rule out the possibility of a asset pricing bubble.

focuses on the interaction between news components to contemporaneously explain the time variation in
stock-bond correlation.



We can write it more simply as:

~S ~ ~
€1 = Scri+1 — Sri41 — Sepy1 (2)

where the tilde is used to denote a surprise to a component and the subscript is used to
denote the respective components and the time at which the surprise occurs. Equation
neatly states that if for example the unexpected return to stocks is positive, assuming
that the short-term interest rate is deterministic, then either the expected future dividends
must be higher or expected future excess returns are lower, or a bit of both. From this
simple example, it is clear that the new information used in each time period to update the
forecasts of future dividends, short term interest rate and excess returns, is what drives

the surprises in stock returns.

It has been suggested that earnings rather than dividends should be used as the ap-
propriate measure of cash flow. Earnings are more stable than dividends, less affected by
financial policy and/or share repurchases and that the Modigliani-Miller Proposition on
the irrelevance of dividend policy give no theoretical reason to expect managers to pursue
any particular dividend policy. We therefore choose to adapt the cash flow component in

equation (1] according to:

e.9] o0
Scrir = Bt —E) Y o/ Adpyj = (Brrr —Eo) Y p' Ay (3)
j=1 j=1
where Ae;; is the growth in (log) real earnings at time ¢ + j, which we can express more
simply as:

E .
Aet—f—j = lOg (1 + 152) (4)
j—

where F; is defined as the real earnings at time ¢. Equation [4| therefore implies that
innovations to dividend growth and earnings growth over an infinite horizon contain the
same information. Using this alternative expression we can therefore use forward-looking
earnings forecasts to proxy for the news of the cash flow component. More details on the

construction of all the news components are outlined later.s



2.2 Surprises in bond returns

Government bonds are subject to fixed nominal cash flows. We can thus derive an expres-

sion for bonds which holds exactly{}

N N N
B,(N B,(N
€t+(1 )~ Et[et+(1 )] = (Et11 —Et) |- ZWHJ - Zrtﬂ - Zeiﬁ (5)
j=1 j=1 J=2

where ef is the log excess bond return at time ¢ (similarly defined as the log holding

period return in excess of the short term interest rate) and m; is the inflation rate at time
t. Changes in expected inflation alter the real value of the fixed nominal payoff on the
bond, so can cause capital gains or losses even if the expected future return on the bond

is constantﬂ Similarly to above, we can write equation |5 more simply as:
B =—Briyy1— By — B 6
€31 = —Brit1 — Briy1 — Bets (6)

If we were to assume Be,t+1 = 0, i.e. that the bond risk premium is constant, we could
recover the expectations hypothesis of the term structure. However, we leave Equation [6]

free from restrictive assumptions and obtain a time series for all of the news components.

2.3 Stock-bond correlation

Using Equations [2 and [6] the conditional variance of excess stock and bond returns can be

decomposed as:

vart(éfﬂ) = vart(S’thH) + vart(S’r,tH) + vart(ge,tﬂ) — 2CO’Ut(SCF’t+1, §r7t+1)

- QCOUt(SCF,tJrh ge,t+1) + 2COUt(§r,t+17 S'e,t+1) (7)

var (&9 1) = vary(Bryy1) + vary(Bryi1) + vary(Beg1) + 2covy(Br 41, Brys1)

+ 2covt (B t41, Bet41) + 2covi(, Brit1, Be+1)  (8)

5See Appendix A for details of the decomposition.

"Note that in this case the maturity of the bond decreases as time passes, so the relevant expectations
are taken over the maturity length. The summation is from 1 to N which represents the maturity of the
bond.



The conditional covariance between excess stock and bond returns can therefore be written

as:

cov (&2, 1,88.1) = — covy(Scrut1, Briy1) — cov(Scr i1, Brat1) — cove(Scriits Beri)
+ Covt(gr,t+1a Bﬂ,tJrl) + COUt(Sr,tH, Br,t+1) + COUt(Sr,tH, Be,tJrl)

+ covg(Se,t41, Bri+1) + cove(Se i1, Brig1) + cove(Se 41, Be,t+1)

(9)

The conditional correlation between returns thus being a function of Equations [7] [§] and
9] through:

=S ~B
B )= covy (€741, €41)

S o~
corr (€41, €4 — >
\/vart(etﬂ)vart(etﬂ)

(10)

2.4 Component expectations

Our aim is to explore the economic mechanisms that drive the time variation in second
moments of stock and bond returns through examining the time variation in the variance
and covariance of the decomposed news components, namely cash flow news, real interest
rate news, inflation news and excess stock and bond return news. In order to obtain a
time-series of news components, we need a method to obtain a time-series of expected val-
ues for these components. There are three potential methods to obtain such expectations

as we outline below.

Model-implied: A common method is to build a predictive model for the variable of
interest (either structural or reduced form) using state variables known to exhibit some
predictability. After estimating the model using actual data, the model can then be used
to generate expected values of the variable IV periods ahead. For example, one commonly
used model is the VAR system as used by Campbell and Ammer]|[1993] for the Campbell-
Shiller style decompositions of Equations [2] and [6] above. For this particular method
however, |Welch and Goyal [2008] and |Chen and Zhao| [2009] find that VAR models are
sensitive to the sample period and the choice of state variables; and thus the model’s
conclusions can change as a result of the choice of sample period and state variables. The
VAR model’s results and the model-implied approach are thus dependent on the validity

of the model’s assumptions, construction and conclusions.

Market-implied: By using market data it may be possible to back out the “market’s

expectation” of the variable. For example, a popular market measure of expected infla-



tion is the break-even inflation rate defined as the difference between equivalent-maturity
yields on nominal Treasury bonds and Treasury inflation protected securities (TIPS). The
problem with such an approach is that it is often influenced by other factors such as liquid-
ity and risk. For the case of the breakeven rate,|Campbell et al. [2009a] show that liquidity
differences between nominal and TIPS bonds, and an inflation risk premium, bias the level
of the expected inflation rate obtained from TIPS. Such a method to generate the expected

value of the variable may therefore not provide a precise expectation value for that variable.

Survey data: A recent trend within the literature is to use professional forecast data as a
direct measure of the expectation of the variable of interest. Ang et al. [2007] find that
professional forecasts significantly outperform time series, Philips curve and term struc-
ture models for predicting inflation out of sample. |Piazzesi and Schneider| [2011] also note
that investors’ actual historical predictions are different from the in-sample predictions
generated by statistical models such as the VAR model. They comment that investors
ex-ante may not recognise the same patterns that we observe ex-post with the benefit of
hindsight - thus ex-ante survey forecasts provide actual expectations of the variable as
opposed to ex-post expectations generated from using a statistical model over the whole
sample period of historical data. Professional forecast data therefore seems like a promis-
ing method to obtain actual expectations of the decomposed components of Equations

and [6] above.

In our work, we use professional survey forecasts but also model implied forecasts. Expec-
tations of cash flow, the short term interest rate and long-term bond returns are obtained
from forecasts made by a panel of economists from the BlueChip Economic Indicators
(BCEI) survey database on corporate profits, 3-month T-Bills and 10-year Treasury bonds.
Expectations of the inflation rate are obtained from a structural model developed at the
Federal Reserve Bank of Cleveland by |[Haubrich and Bianco| [2010], which provides monthly
forecasts of the inflation rate over the next 10 years. Lastly, expectations of excess stock
returns are obtained from the well-adopted method of using a predictive regression on a
battery of state variables known in the literature to have some predictive power (Fama,
and Schwert| [1977], Fama and French [1988|, Campbell and Shiller| [1988], |Cochrane and

Piazzesi |2005]). We outline our data sources in more detail in the next section.

After backing-out the news time-series from the forecasts and actual (realised) values

of the components, we employ the Dynamic Conditional Correlation (DCC) model of En-

10



gle| [2002] to describe the conditional variance and covariance of these news componentsﬂ
We then look to the explanatory power of these conditional second moments of the de-
composed news components to explain the time variation in the second moments of stock

and bond returns.

3 Data

Our study uses monthly data on U.S. stock market returns, U.S. 10-year Treasury bond
returns, survey forecasts of corporate profits, the 3-month Treasury bill yield, the 10-year
Treasury bond yield and model-implied forecasts of inflation rates and stock returns. We
also obtain the actual (realised) time-series of all the forecasted variables above. Our data
series go from July 1984 to December 2009, a total of 306 observations. We proxy for
the U.S. stock market by using the aggregate value-weighted return index of the stocks
traded in the NYSE, AMEX and Nasdaq markets from the Centre for Research in Security
Prices (CRSP). We proxy for the U.S. bond market by the 10-year Treasury bond, since
monetary policy has less of an impact on long-term government bonds than on short-term
bonds. The nominal zero-coupon yield for the 10-year bond is obtained from the daily
off-the-run Treasury yield curves constructed by |Gurkaynak et al. [2007]ﬂ We also require
the nominal 3-month yield which is obtained from the Federal Reserve System’s H.15 Re-
leaselﬂ The monthly Treasury yields are observed as of the last trading day of each month.

Survey forecasts for the future level of corporate profits, 3-month nominal yield and the 10-
year T-Bond yield come from the BlueChip Economic Indicators (BCEI) database which
surveys approximately 50 economists employed by financial institutions, non-financial cor-
porations and research organisations. At the beginning of each month participants forecast
future values of various variables for the current calendar year and for the next calendar
year. From this we back-out the one-year ahead forecast for our variableﬂ Each month
we obtain the ‘consensus’ forecast which is the mean of the participants’ forecast as the
1-year ahead expected value of the level of corporate profits, the 3-month T-Bill yield and
the 10-year T-Bond yield.

We note that forecasts of corporate profits from BCEI are forecasts of the level of corpo-

8 As a robustness check we use a Exponentially Weighted Moving Average(EWMA) model to describe the
conditional variance and covariance of the news components. Our findings remain qualitatively unchanged.
9Their daily Treasury yield curves are available from 1961 to the present at
http://www.federalreserve.gov/econresdata/researchdata.htm.
10 Available from http://www.federalreserve.gov/releases/h15/data.htm
HEor more details on the procedure see Appendix B.

11



rate earnings before-tax with inventory valuation and capital consumption adjustment for
the National Income and Product Accounts (NIPA) at the Bureau of Economic Analysis
(BEA). This represents an aggregate measure of cash flow to US firms from current pro-
duction. Although this is based on all US firms that are required to file Federal corporate
tax returns and so includes both public and private firms, we use this variable as the
proxy for aggregate cash flow to compare its validity with the more traditional sources of

earnings forecasts from IBES.

Since this survey is not anonymous, the career concerns of the respondents may influ-
ence their official stated forecast. We address this concern by comparing the BCEI data
to the Survey of Professional Forecasters (SPF) datﬂ We find that the mean and median
forecasts from SPF are similar to those from the BCEI. This robustness check is reassuring
since |Ang et al|[2007] find that forecasts from SPF significantly outperform a variety of
other methods for predicting inflation. Since the participants in the BCEI survey have
qualifications similar to those of the SPF participants, it is likely that the BCEI forecasts

also exhibit these attractive features for corporate profits and interest rate forecasts.

Forecasts of the inflation rate are directly from the Federal Reserve Bank of Cleveland
(Cleveland FED) who generate the expected values of the inflation rate through estimat-
ing a structural model on the real and nominal term structures. The work by [Haubrich
and Ritchken [2011] at the Cleveland FED estimate their model using nominal Treasury
yields, SPF survey forecasts of inflation and inflation swap rateﬁ We are therefore con-
fident that the expected inflation rate implied by this model is the best of the survey and
market-implied measures of future inflation rates. For this reason we therefore use the

model-implied data for our expected inflation measur@

To obtain a model-implied forecast of stock returns, we use a predictive linear model
based on state variables known in the literature to display some predictability. These
variables include the dividend yield, term spread, default spread and the |[Cochrane and
Piazzesi [2005] factor. The data to construct these variables was obtained from both CRSP
and DataStream. For further details on the data sources and construction, see Appendix

B.

128PF forecasts are quarterly and cover a range of forecast horizons that overlap with those obtain from
BCEIL The data is obtained directly from the Philadelphia FED.

3These are obtained from derivative securities known as zero coupon inflation swaps. They are the most
liquid inflation derivative contracts and trade in the over-the-counter market.

' The data is available directly from http://www.clevelandfed.org/research/index.cfm
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4 Empirical proxies of news components

We now outline in detail the method for constructing each of the news components. We
note that as we are considering a 10-year Treasury bond, the summations in Equation
pertain to a 10-year horizon (N = 10), with the revisions calculated over monthly in-
tervals. Henceforth, to prevent confusion in the notation, ¢ refers to the month in which
we are taking the expectation, whilst j refers to the yearly horizon of the forecast value
(expected value) that we require. Using the inflation rate as an example, with j = 2,
mi4+12; denotes the 2-year forecast of the annual inflation rate at month ¢. We therefore
express the expectation at month ¢ of the total future inflation rate over the next 10-years
as: [E; (Zjlil 7rt+12j>. This analogy applies similarly to the other expected components

that we consider.

Note also that the summations of the components for the innovation of excess stock returns
in Equation [I] have an infinite horizon. For the purposes of this study, we set the horizon
of the summations for Equation [I] to be the same as those in Equation [5|of N = 10. This
implicitly assumes that near term revisions carry more weight than long-term revisions,
which we believe is not an unreasonable assumption in order to obtain the news time series

of each component.

4.1 Cash flow news

We construct the cash flow news proxy using the BCEI forecast of corporate profits.

Denoting the 1-year forecast of real earnings at month ¢ as:

CP1,
B9 = L+ Infly) (11)

where C'P1; is the month ¢ 1-year forecast of annualised corporate profits (earnings) from
the BCEI survey and Inf1; is the month ¢ 1-year forecast of the annualised inflation rate
from the Cleveland FED model. Subsequently, we express the 1-year forecast for real

earnings growth in month ¢ as:

By 1o
Aey gy = log (1 + Tt‘ (12)

where F; is the actual value of real annualised corporate earnings at month ¢ defined as

15[1:1 %t , with In f0; being the realised annualised inflation rate and C P0; being the realised

annualised corporate profits, both at month ¢t. From Equation [3|it is clear that we require
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further forecasts of real earnings growth at longer horizons. Since this data is not available
from the BCEI database, we need a method to generate forecasts of the annualised growth
in corporate profits over the following 9 years. Using a similar methodology to|Pastor et al.
[2008] we assume that the annualised growth in earnings linearly mean-reverts to a steady
state over the following 9 years in which the forecasts are being extended. We believe
that by using such a method we do not bias the subsequent forecasts in any direction and
through assuming a mean-reverting process for the subsequent forecasts, we conservatively

Ae i computed as

extended the forecast horizons. The steady state of earnings growth g
the rolling average of the growth in real (annualised) corporate profits starting from 1948
to the prior month in which we require the expected value of the level of corporate profits.

The subsequent forecasts can thus be expressed as:

gtAe - Aet+12|t
A6t+12j|t = Aet+12j—12|t + # where j = 2, ceey 10. (13)
We can then express the total forecast of the growth in corporate profits over the next 10

years at month t as:

10 10
Eo [ D P/ Aerig; | =D ol Aeriiagy (14)
o =1

We assume that p = 0.96 in line with the literature [1-_51 In order to obtain the unexpected
value (news) to cash flow, we obtain the total forecast of the growth in corporate profits
over the next 10 years from month ¢, taking the expectations from month t41, i.e. knowing

the actual (realised) corporate profits growth between month ¢ and ¢ 4 1:

Ei 1

Aeg 1941 = log (1 + EZ ) (15)
Ei 191641

Aeyyogi41 = log (1 + le (16)

gtAfl - Aet+24|t+1
A€t+12j|t+1 = A€t+12j712|t+1 + 3 where j = 3, ceey 10. (17)

We therefore obtain the cash flow news time series through:

10 10
Sorp =Y P Aepiinjinr — O P Aeriangy (18)

J=1 J=1

It is clear that the approach above is limited by the nature of the survey forecast data

which provides at each month t only a forecast of earnings at a 1-year horizon. This

15We note that as a robustness check if we instead assume that p = 1, we obtain very similar results.
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method necessarily imposes some assumptions and structure on the expected real growth
in corporate profits at longer horizons which we believe compliments the 1-year rolling

forecast.

4.2 Real interest rate news

Survey data from BCEI gives us the 1-year forecast of the annual average nominal rate
of returns on 3-month Treasury bills. Similarly to the approach adopted to extend the
horizon of the earnings growth forecasts, we generate forecasts of the annual average rate
on these bills over the following 9 years by assuming that the forecasts mean-revert to a
steady state over the following periods. For the case of the 3-month T-Bills, we denote
T Bill0; as the actual (realised) annual nominal rate of return on the T-Bills at month ¢
and T'Billl; as the 1-year forecast of the nominal return on the 3-month T-Bills. Note
that that the forecast for the real return on 3-month T-bills are defined as the forecast
for the nominal return on 3-month T-Bills less the corresponding inflation rate forecast
obtained from the Cleveland FED model, which is shown clearly below. The steady state

T Bill

value g is computed as the rolling average of the real 3-month T-bill rate starting

from 1925 to the prior month in which we require the expected value of the T-bill rate.

Mathematically:
Tir12)t = TBlelt — Inflt (19)
T Bill
9t — Ti4a2p .
Tt+12j\t = rt+12j—12\t + #l where J = 2, ceey 10. (20)

where Infl; is the month ¢ 1-year forecast of the annualised inflation rate. The total
forecast of the future T-bill rate over the next 10 years at month t can therefore be

expressed as:
10 10
E, Z rip125 | = Z o124t (21)
j=1 j=1

Taking expectations from the following month, ¢ 4+ 1, when the information from month ¢

to t + 1 becomes available, we write:

Tep12t+1 = T Bill0iy1 — InfOpq (22)
Tt+24|t+1 = TBle1t+1 — Inf1t+1 (23)

QTBlm — Te24)t+1
[ .
Ti412j)t+1 = Te4+12j—12]¢4+1 T 3 where j=3,...,10. (24)
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where In f0;1 is the realised annualised inflation rate at month t+1. Therefore, obtaining
the expectation from month ¢ 4+ 1 of the total future T-bill rate over the next 10 years

from month ¢:

10 10
Et 1 Zrt+12j = ZTt+12j\t+1 (25)
Jj=1 Jj=1

The real interest rate news for both stocks and bonds can be constructed as:
10 10
Srir = Brat1 = D Mia1zjiee — D T2l (26)
Jj=1 Jj=1

We note that we set the real interest rate news for stocks and bond to be the same due to
the earlier assumption of the horizon for the summations of Equation [I| being the same as
that for equation [5], of N = 10. Indeed if we include p in the calculation of real interest
rate news for stocks, the correlation between this measure and that above is 0.99. We
therefore choose to have the one time series to represent our news to the real interest rate

for both stocks and bonds.

4.3 Excess stock return news

Using Equation [I| we can back out the excess future stock return news from knowing the
unexpected stock returns, cash flow and real interest rate news. We obtain unexpected
stock returns by using a predictive linear regression to model at a monthly frequency the
1-year expected excess return. We use the usual battery of predictive variables known to
the literature such as the dividend yield, term spread, default spread, lagged returns and
nominal return on the 3-month Treasury bills. |(Cochrane and Piazzesi| [2005] also suggest
a factor (CP factor henceforth) constructed from a linear combination of forward rates,
which seems to have significant predictive power for both future bond and stock returns.
Interestingly, the significance of the CP factor as a forecasting variable for stock returns

has changed since the work by |Cochrane and Piazzesi [2005].

Table [I] evaluates the forecast of excess stock returns. We only include those variables
from the list above that show reasonable significance in the regressions. We run the pre-
dictive regression of the 1-year ahead annualised excess stock returns on the dividend
yield d/p, term spread y® — 4y and the CP-factor vI'f. Dividend yield is defined as
the log dividend payments over the past year minus the log price level; the term spread is
defined as the difference in yields between the 5 year and 1-year zero coupon bond; and

the CP factor is a single tent-shaped linear combination of forward rates. We perform the
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regression:

6%3_12 =a+ Sidp: + B2 (y(5) - y(l))t + B3 (’)/Tf)t + €t4+12 (27)

where t + 12 monthly observations ahead implies the 1-year ahead excess stock return@
[Table 1 about here.]

Regressions 1, 2 and 4 from Table [1] display the well-known result of the dividend yield
and term spread forecasting different components of returns, since the coefficients are
relatively unchanged in multiple regressions and with the R? increasing. We also notice
from regression 5 that the term spread is driven out by the CP-factor, which makes
sense since the information content of the CP-factor subsumes that of the term spread,
since both are from zero-coupon bond yields. However, it seems as if the recent financial
crisis has restored the forecastability of the dividend yield since in regressions 6 and 7 it
subsumes the CP-factor. We use the coefficients from regression 4 to produce a model-
implied expectation for excess stock returns 1 year from now. Knowing the actual (realised)
excess stock returns, we are able to work out the unexpected excess stock returns series
via:

1 11
S s S
€1 = 961~ EEt (e7112) (28)

where e, ; is the realised annual excess returns to stocks in month ¢ + 1@
[Figure 2 about here.]

Panel A of Figure [2| plots the forecasted excess returns on stocks versus the actual returns.
Unexpected stock returns is essentially the vertical distance between the realised and
forecasted curves. From this returns to stocks are somewhat hard to predict at a monthly

frequency using the state variables that we have stated above.

4.4 Inflation news

Model-implied data from the Cleveland FED gives us forecasts of the annual rate of
inflation for the next 10 years at a monthly frequency. Denoting Inf1, as the 1l-year
forecast of the annual inflation rate at month ¢, with the number changing depending on

the horizon of the forecast. Writing an expression for the average forecasted (expected)

Y6We note that the (restricted) CP-factor was constructed using the Fama-Bliss zero coupon bond yields
obtained from CRSP from January 1964 to November 2009 to recover the well-known tent-shape for the
coefficients on the respective combination of forward rates. Only using data from June 1984 to November
2009 would not produce the tent shaped structure.

17 Annual excess returns means that this is the excess returns over the past 12 months
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future inflation rate over the next 10 years at month ¢ as:

1
InfTotall0; = 1—0(Inf1t +Inf2; + Inf3; + Infdy + Inf5; + Inf6,

+ InfT+Inf8 + Inf9: + Inf10;) (29)

Naturally we can write:

10
B | Y miaz; | = 10InfTotall0, (30)

j=1
From Equation [5] we also need the total inflation rate over the next 10 years from month ¢
but taking expectations from month ¢t +1: E44q (Z]l0:1 7rt+12j>. This implies that we have
one month of realised information available to us, so that we know the realised inflation
rate from month ¢ to month ¢ + 1, which we denote as Inf 0t+1|EL Therefore, taking
expectations from month ¢+ 1 of the total future inflation rate over the next 10 years from

month ¢:
10

1 11
Eiyq Zlmlgj =10 <121n fOr1 + 5 In fTotallOtH) (31)
J:

We therefore express the news to the inflation rate agl’}

10 10
Bt = Eiq Z mey12; | — By Z Tt4+125 (33)
j=1 j=1

4.5 Excess bond return news

Similarly to obtaining excess future stock return news above, we can use Equation [5 to
back out the excess future bond return news from unexpected bond returns, inflation and
real interest rate news. Instead of obtaining unexpected bond returns through assuming a
model for expected excess bond returns as we did for excess stock returns above, we utilise
the 1-year forecast of the 10-year T-bond yield from the BCEI forecast survey database.
Note that the forecast for the 10-year T-Bond is from a survey question that asks for a
constant-maturity Treasury yield expectation. As we proxy for the long-term bond using

the 10-year nominal zero coupon bond, to obtain the yield expectation implied by the

18This is an annual rate and is constructed as the year-on-year percentage change in the CPI level.
19We also consider an alternative way to construct inflation rate news as:

Briy1 =Inf0i11 + %InfTotallOt.,.l —Infl, — %InfTotallOt (32)

The correlation between these two measures is 0.995. We therefore don’t consider this measure going
forward.
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surveys for this bond, we first compute the expected change in the 10-year Treasury bond
yield and then add the expected change to the current 10-year zero coupon bond yield,
which we denote as T'Bondl;, that is the 1-year forecast of the nominal return on the
10-year zero-coupon T-Bond at month ¢. We can then express the expected excess bond

returns in one year as:

E (ef.15) = TBondl, — TBilll, (34)

where similarly to above T Billl; represents the 1-year forecast of the nominal return on
the 3-month T-Bills. Knowing the actual (realised) excess bond returns, we are able to

naturally back out the unexpected returns to the 10-year T-Bond through:

-B 1 11

€ry1 = E€g1 — o (efi12) (35)

where ef | is the realised annual excess returns to the 10-year T-Bond in month ¢ + 1@
Panel B of Figure [2] plots the forecast of excess bond returns versus the actual returns in
that month. The vertical distance between the forecast and the realised values makes up
the news. It is clear that the survey forecasts for bond returns is a much better predictor
than the model-implied forecasts for stock returns in our sample period. This should
theoretically imply that the risk premium to bonds should be somewhat lower that the
risk premium to stocks. Our particular interest is to study the role of the news of the risk
premiums in explaining the time variation of stock-bond volatility and covariance, as we

shall see in the next section.

5 Results

5.1 Realised second moments

Figure [I] plots the monthly realised second moments of stock and bond returns. Following
the approach of |Schwert| [1989] we construct these based on daily returns within a month. If
we denote rft and rft as the daily stock and bond returns on day ¢ in month ¢ respectively,

the realised variance of stock and bond returns are computed as the sum of squared daily

returnﬂ

Nt Nt
S\2 2 B\2
Ug‘,t = Z(Ti,t) y OBt = Z(Ti,t)
i=1 i=1

20Gimilarly to that above, annual excess returns means the excess returns over the previous 12 months.
2'We do not subtract the sample mean from each daily return to compute monthly second moments as
this is a very minor adjustment.
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where NV; is the number of daily returns in month ¢. The monthly realised covariance

between stock and bond returns is obtained from:
Ny

covy (S, B) = ertrft
i=1

We note the inherent noise in the estimate of monthly variance from just 22 daily obser-
vations. Ideally we would employ a method similar to Bollerslev and Zhou| [2006] which
uses higher-frequency intra-day data to estimate the variance. However intra-day data
over the time period that we require for both stocks and bonds is difficult to obtain. We

therefore continue to use daily returns to construct our variance and covariance measures.

Panel A of Figure [I] shows that the stock market was very volatile during the stock
market crash of 1987, during the Asian financial crisis, the Russian government’s debt de-
fault and the collapse of the hedge fund Long-Term Capital Management (LTCM) during
1997-1998, the bursting of the internet bubble in 2001 and during the more recent financial
crisis in 2007-2009. In contrast looking at panel B the bond market has been relatively
more stable. The notable exceptions being the volatility around the stock market crash of

1987, between 1997-2001 and during the recent financial crisis.

Panel C of Figure [I] shows that the stock-bond covariance is large in magnitude around
increased stock and bond market volatility. Interestingly, before 1998 during periods of
increased volatility the covariance remained positive. It is only from 1998 until the end of
the sample period that we observe the covariance between stocks and bond becomes neg-
ative when financial turmoil occurs. Naturally the same pattern is observable from Panel
D for the correlation. It is clear that there is substantial time variation, with most of the
movement occurring around the periods of increased stock market volatility. This could
imply that before 1998, long-term bonds did not necessarily provide the diversification
that investors sought when shifting from stocks to bonds, but after 1998 the role of bonds
changed.

5.2 Descriptive statistics of news components

Figure [3] displays the time series of the news components constructed in Section 4] and
highlights that the forecasting errors fall in a small range around zero. This is confirmed
by the mean values of the forecasting errors as shown by the descriptive statistics in Table

implying the use of well performing forecasts for the components.
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[Figure 3 about here.]

Table [2| reports the correlation matrix of the return components estimated from the news
time series over the full sample. Several observations are apparent. First, shocks to
excess stock returns and to excess bond returns have a positive correlation of 0.21. The
convention that long-term assets tend to move together holds here, however we note that
Campbell and Ammer| [1993] find this particular correlation to be above 0.80 in all of their
subsamples. They attribute this to the notion that similar variables are able to forecast
both stock and bond returns as shown by Fama and French) [1993]. The lower correlation
in our sample period is possibly because the risk profile of bonds has changed to those
of hedging instruments for stock market risk as highlighted by |Connolly et al.| [2005] and
Campbell et al.|[2009b] among others.

[Table 2 about here.]

Second, we notice that future excess stock return news has a slight positive correlation of
0.13 with the news to long-horizon forecasts of the inflation rate. This means that when
investors learn that the long run-inflation will be higher than expected, they also tend
to learn that the stock risk premium (future excess stock returns) will be higher than
expected. Assuming that inflation risk is priced into the stock market (Chen et al. [1986]),
this increase in the stock risk premium could imply compensation for an investor who is
willing to bear inflation risk when holding stocks for the long-run. This observation is in

line with that by (Campbell and Ammer| [1993].

On the other hand, excess bond return news and inflation news are negatively corre-
lated, thus when investors learn that the long-run inflation will be higher than expected,
they learn that excess bond returns will be lower than expected. Since zero-coupon bonds
have fixed nominal payoffs, the capital loss from higher expected inflation will be offset
by the capital gains from the lower bond risk premium (expected excess bond returns).
This does not necessarily imply that bonds are contemporaneously able to hedge inflation

shocks since it depends on the magnitudes of these capital losses and gains @

Third, we also note that innovations to future excess stock and bond returns are neg-
atively correlated to real short-term interest rate news. Contemporaneously risk premia

in both markets unexpectedly increase (thus decreasing stock and bond prices) when the

22Indeed we find the contemporaneous correlation between the one-period inflation news and unexpected
bond returns in our data is —0.10, indicating that bonds are not able to contemporaneously hedge inflation
shocks.
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real short-rate is lower than expected. |Campbell and Ammer| [1993] also find that shocks
to real short-term interest rate drive stocks and bonds to move together. This is intu-
itively clear since news about real interest rates is the only component common to both
assets. Lastly, the correlation between cash flow news and excess stock return news is
strongly positively correlated at 0.66. This is similar to the observations by |Vuolteenaho
[2002] at a firm-level. Such a result will be useful when looking at which components drive

aggregate-level stock returns.

We note that all the news time series appear to be stationary in our sample period.
Dickey-Fuller tests and augmented Dickey-Fuller tests with 5 lags reject the unit root hy-
pothesis at the 5% level or better. This suggests that stationary asymptotic distributions
are likely to approximate well the finite sample distributions of the coefficients and test

statistics for the regressions that we perform later.

Given the short sample period that we use for our study, we choose not to do a sub-
period analysis since we have no natural break point and do not wish to data mine our
results. Instead, we compare our findings with those of|Campbell and Ammer| [1993] which

was performed over a different sample period.

5.3 Unconditional variance decompositions

Table reports the (unconditional) variance decomposition for excess stock returns, excess
bond returns and the (unconditional) covariance decomposition between excess stock and
bond returns based on the unconditional expressions of Equations and [9] The table
reports the (co)variances of the different news components that make up the (co)variance
equations of excess stock and bond returns. These numbers are normalised by the (co)variance
of the return innovation itself, so that the numbers sum to one for each decomposition.

We also present the comparative results from Campbell and Ammer| [1993].

[Table 3 about here.]

5.3.1 Variance decomposition for excess stock returns

Panel A reports that the variance of stock returns is mainly attributable to the variance
of future excess stock return news followed by the variance of future real cash flow news.
Our results in a relative sense are similar to those of (Campbell and Ammer| [1993] in that
uncertainty of excess stock returns followed by uncertainty of real cash flow account for a

majority of the total stock variance. The slight difference in magnitude of the coefficients
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is due to the method in which we obtain excess stock return news. Since we back-out
this news proxy from the unexpected (one-period) stock returns less the real cash flow
news and real short term interest rate news, this may exaggerate the effect of excess stock
return news in explaining the stock market variance, as we can see from our coefficient of

1.98.

Campbell and Ammer| [1993] state that the real interest rate news plays a relatively minor
role in explaining the variance of stock returns as even though there is time variation in
the ex-ante real short-term interest rate, any changes are largely transitory and thus do
not cumulate over time. Therefore in their sample period the expected real interest rate
is precisely measured with the variance of the real interest rate news being small. This is
surprising given the inflationary environment during their sample period being high and
uncertain. Unless the uncertainty of the long-run expected nominal interest rate was offset
by the uncertainty of the long-run expected inflation rate in their sample period, we find
their result somewhat puzzling. Such a result could be due to the use of a VAR model to

generate their expectations.

Although we can also claim that the real interest rate news plays a relatively small role,
examining Panel B of Figure [3] we see that the variation in real interest rate news is some-
what large. This is especially true at the beginning of our sample period when the Federal
Reserve changed their operating procedures within money markets leading to increased
uncertainty about nominal interest rates and the inflation rate, the latter of which can be

seen from Panel D of Figure [3]

We note that the variance terms of the decomposition sum to greater than 1, this is
accommodated by the negative covariance terms of the decomposition. Intuitively, this
indicates to us that the covariance terms, which are often overlooked, do have a role to
play in explaining the variance of stock returns. We investigate this further when we

perform the conditional variance decompositions.

5.3.2 Variance decomposition for excess bond returns

The variance decomposition of bond returns in Panel B of Table 3| highlights the impor-
tance of changing future excess bond returns on the variance of bond returns, accounting
for 139%. Changing future real interest rates attribute 39% while the variance of inflation

news has a lesser role to play with it accounting for 24% of the variance in bond returns.
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The large role that the real interest rate news seems to have does not increase the overall
variance of bond returns because the real interest rate news is negatively correlated to both
excess bond return news and inflation news, the covariance terms of which thus reduce
the variance of bond returns. Also as we saw above, the correlation between excess bond
return news and inflation news is negative, the covariance between these components thus
also having the effect of reducing the bond return variance because the capital loss from
higher expected inflation is partly offset by a capital gain from lower expected excess bond

returns.

These results differ with respect to the role of inflation news and real interest rate news
when comparing with (Campbell and Ammer| [1993]. The former difference is because our
sample period is from 1984 to 2009 when the inflation rate is relatively stable whereas
Campbell and Ammer| [1993] study a period between 1952 and 1987 when inflation was
known to be high and uncertain. This would have naturally magnified the role of inflation
news on the variance of bond returns in their results. As for the real interest rate news, its
increased importance in our sample period could be due to the expected long-run real in-
terest rate having a persistent effect on changes to bond returns and thus on the volatility

of bond returns.

5.3.3 Covariance decomposition for excess stock and bond returns

From Panel C of Table [3]we report the covariance of unexpected stock returns with each of
the decomposed components of unexpected bond returns and vice versa. We find that the
covariance between stock and bond returns is determined by the interaction between sev-
eral offsetting forces. Looking first at how unexpected stock returns and the components
of unexpected bond returns affect the stock-bond covariance, we find that the covariation
between unexpected stock returns and inflation news mildly drives stock and bond returns
in opposite directions, contrary to the results of (Campbell and Ammer| [1993]. We again
note however the difference of the inflationary environments in the sample periods that our
studies are performed over. This mildly negative effect is offset by a dominant positive
covariance between unexpected stock returns and changing future excess bond returns,

driving stocks and bonds in the same direction.
As for how unexpected bond returns and the components of unexpected stock returns

affect the stock-bond covariance, we find that the coefficients are are similar in magnitude

but of an opposite sign to those of |Campbell and Ammer| [1993]. This naturally implies
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to us that the role of bonds have changed since the period of 1952 to 1987. Such a finding
supports the notion of the changing risks of nominal bonds as investigated by [Campbell

et al.| [2009Db].

Panel D from Table [3| reports the role of covariances between respective stock and bond
news components on stock-bond covariance. Such a decomposition is more revealing since
we can directly examine the contemporaneous effect of the covariance between the news
components on stock-bond covariance. Interestingly, (Campbell et al. [2009b] motivate in
their work that the covariance between real and inflation rate shocks is the cause of the
negative correlation between stock and bond returns. Our results support this statement
with both the covariance of future real cash flow shocks and future real interest rate inno-
vations with inflation shocks being negative and significant, implying that the dynamics
between these shocks push stocks and bonds in the opposite direction. We also find that
the covariance between real interest rate shocks and excess future stock and bond return
shocks play a similar role. We note that [Barsky| [1989] highlighted the importance of the
real short-term interest rate for stock-bond correlation. Contrary to|Campbell and Ammer
[1993] we find that real interest rate changes are important for the co-movement of stock

and bond prices.

The negative covariance causing forces are offset by three large positive forces causing
stocks and bonds to move in the same direction: the covariance between real interest rate
shocks on stocks and bonds, the covariance between excess stock return news and inflation
news and lastly the covariance between shocks on excess stock and bonds. Although there
are fewer of these positive forces, they are generally larger in magnitude and thus cause
stocks and bond to move in the same direction with more force than those forces that
work to decouple the stock and bond markets. These large positive forces could explain

the modest but positive correlation between excess stock and bond return news observed

from Table 2

5.4 Conditional (co)variance regressions

In order to get a sense of the contemporaneous role that the news components have in
explaining the time variation of the second moments of stock and bond returns according to
Equations and [9] we use the Dynamic Conditional Correlation (DCC) model of [Engle
[2002] to compute the conditional (co)variances of the news components. It is estimated in

two-stages: The first to estimate the variance of the residual for each news component using

25



a univariate GARCH specification. The second to estimate the parameters of the time-
varying correlation matrix{ﬂ We now look to the explanatory power of these conditional
second moments of the decomposed news components in explaining the time variation of

realised stock and bond return variance and covariance respectively.

5.4.1 Variance of excess stock returns

We regress realised stock market variance on the conditional stock variance news com-
ponents as specified by Equation [7]] Theoretically the coefficients on these components
should all be 1. To compare the importance of the uncertainty in real cash flow, real inter-
est rates and excess stock returns on stock market variance, we run univariate regressions
on each of the conditional variance components as well as multivariate regressions with
all the components from Equation Table [4] reports that uncertainty in real cash flow
explains up to 11% of the time variation in stock market volatility, with a 1% increase in
the volatility of real cash flow news leading to an approximate increase of 0.5% in stock
market volatility. The coefficient is significant at the 5% level. We also find that the
uncertainty in future excess returns is able to explain up to 2% in stock market variance.
The increase in stock volatility from a 1% increase in the volatility of future excess returns
is approximately 0.2%, with the coefficient again significant. In both cases the coefficients
are different from the theoretical value of 1. Lastly, uncertainty of the real interest rate

seems not to have any explanatory power in a univariate context.
[Table 4 about here.]

As for the multivariate regressions, we find that the significance of uncertainty in future
excess stock returns is driven out by the uncertainty in real cash flow. The variability
of the real interest rate news seems to again have not much of an economic or statisti-
cal significance. Regressions 8 and 9 report the estimated coefficients of the regressions of
realised stock variance on all the 6 (co)variance components. Since some of these 6 compo-
nents are highly correlated and may cause collinearity problems when used as regressands.
In regression 9 we thus use as regressands the 3 conditional variance components and or-
thogonalized conditional covariance components. Specifically, we project the 3 conditional
covariance components on the 3 conditional variance components and use the residuals as

orthogonalized conditional covariance components to run in the regressions.

Uncertainty of real cash flow remains consistently significant in all the regressions, with

ZFor more details on the estimation, refer to Appendix C.
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the coefficients always being positive. This highlights the role, both economically and sta-
tistically that uncertainty in real cash flow has on stock market variance. This comes at
no surprise given the cash flow surprises that we observed during the 2007-2009 financial
crisis and the increased stock market volatility during this period. |David and Veronesi
[2008] among others have established the important of real cash flow news in explaining
and forecasting the variance of stock returns and thus its importance within stock pricing
models. Indeed, the work by Bansal et al.|[2006] and |[Hansen et al.| [2008] has shown that
in the long-run cash flow news entirely explains changes in stock priceﬂ Our empirical

results are in line with these conclusions.

From regression 9 we notice that the covariance between cash flow news and future excess
stock return news plays a significant economic and statistical role in explaining the varia-
tion in stock market variance. Indeed the R? increases by 5% between regressions 7 and 9
when we add the covariance terms to the multivariate regressions. Baele et al.| [2010] find
that non-macroeconomic factors play a much more significant role than macroeconomic
factors when explaining the variation in stock variance. Our findings highlight that this
is not necessarily the case. We show that real cash flow news, future excess stock return
news and the covariance between the two play an important role in explaining stock mar-
ket variance. An innovation of our work is highlighting the significance of the covariance
terms. We believe that future asset pricing models should therefore include the dynamics
of these covariance terms in order to capture the empirical observation of time varying

stock volatility.

5.4.2 Variance of excess bond returns

Table [b| reports the results of the regressions of realised bond variance on the conditional
(co)variance of the news components in Equation Theoretically the coefficients on
these components should all be 1. We immediately notice from regressions 1 to 3 that
uncertainty in the long-run inflation rate, uncertainty in the long-run real interest rate
and future excess bond returns all affect the variance of bond returns both economically
and statistically. As for their coefficients, for the variance of inflation news it is greater
than the theoretical value of 1, implying that a small fluctuation of inflation news has
the ability to explain large variation in bond variance. The opposite is observed for real

interest rate and excess bond return news.

24 Also, the importance of cash flow news for stock returns at both the firm and aggregate level has been
well established in the literature (Vuolteenaho| [2002] and |Chen and Zhao| [2009)]).
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[Table 5 about here.]

In the multivariate context, uncertainty of future excess bond returns and long-run infla-
tion news continue to have significant explanatory power, subsuming the role of uncertainty
in the real interest rate. In regressions 8 we include all the covariance terms of Equation
Due to the issue of collinearity all the coefficients are large and significant. In regression 9
we therefore correct for the collinearity of the last 3 regressands by projecting the 3 con-
ditional covariance components on 3 conditional variance components to obtain residuals

to use as the orthogonalized conditional covariance components.

Regression 9 reports some interesting results. First, the variance of future excess bond
return news is no longer statistically significant. Second, the regression brings out the
importance of the uncertainty of the real interest rate for the variation in bond variance.
A 1% increase in the volatility of the real interest rate news seems to decrease the volatil-
ity of bond returns by around -1%. Third, the importance of the long-run inflation news
remains significant in all of the regressions. Comparing regressions 8 and 9 we can see
reducing the collinearity helps to identify the true economic scale of the news components
on explaining the magnitude of the variance of bond returns. Lastly, adding the covari-
ance terms to the regression increases the Adjusted R? to a healthy 16%, highlighting the
important role that these terms play theoretically in explaining the time variation in bond
variance. Indeed, Campbell et al.|[2009b] find that the covariance between real and infla-
tion shocks is important in explaining the change in risk premia of nominal bonds. Indeed
we find that the covariance between real interest rate news and inflation news is significant
both economically (3.04) and statistically (3.98) in explaining the time variation of bond

variance.

5.4.3 Covariance of excess stock and bond returns

Table [6] reports the results of the regressions of realised stock-bond covariance on the
conditional covariance of the news components from Equation [9] Again, theoretically the
coeflicients on these components should be equal to 1. From the univariate regressions 4
covariance components display both economic and statistical significance: The covariance
between real cash flow news and real interest rate news; the covariance between real interest
rate news and excess bond return news; the covariance between excess stock return news
and inflation news; and the covariance between excess stock return news and real interest

rate news.

[Table 6 about here.]
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From the multivariate regression, we are able to account up to 25% of the variation in
stock-bond covariance. Correcting for the collinearity between the regressors in regression
7, the results of regression 8 show that only three covariance components remain signif-
icant for the variation of stock-bond covariance. The first being the covariance between
real cash flow news and real interest rate news. This comes as somewhat a surprise given
we find cash flow news is the most significant component for stock variance and inflation
news is the most significant for bond variance, thus we expect the covariance between the
two to play a significant role in the variation of stock-bond covariancﬂ Here however,
the role of inflation news seems to be statistically subsumed by real interest rate news.
We posit that this is because of the significance of the short-rate. [Viceira [2010] finds that
the short-rate is an important predictor of stock-bond correlation as it seems to proxy for
business-cycle conditions. Given that real-short term interest rate news is comprised of
shocks to the short-rate and shocks to the inflation rate, our finding of the importance
of the real short-term interest rate for the contemporaneous time variation in stock-bond
covariance thus complements the findings of both [Viceiral [2010] and David and Veronesi
[2008]. The economic significance of covariance between cash flow news and real interest
rate news is large with a coefficient of 2.08, twice the theoretically value. This also high-
lights the potential mechanism for negative stock-bond correlatiorm thus driving stocks

and bonds in opposite directions.

The second component, is the covariance between excess stock return news and infla-
tion news. The coefficient is 3.78 implying that a small covariation between the news
components is able to explain a large variation in the stock-bond covariance. Theoret-
ically a positive covariance between inflation news and excess future stock return news
causes stocks and bonds to move together: A higher than expected inflation rate (positive
inflation news) causes bond yields to increase (and thus prices to decrease) whilst a higher
than expected risk premium to stocks (positive future stock return news) implies stock

prices decrease. Empirically we find that this is indeed the case.

Lastly, the covariance between excess future stock return news and real interest rate news
is strongly significant for the variation in stock-bond covariance. Somewhat puzzling is

the observation that the covariance between these news components seems to decrease the

25 Also [David and Veronesi| [2008] theoretically motivate the importance of the covariance between earn-
ings and inflation news for stock-bond correlation dynamics subject to economic regimes.

20This is because we use the term —cov(Scr, By) in the regression. Thus a coefficient of 2.08 implies
—2.08cov(Scr, Br) which naturally means it reduces the value of the dependent variable covt (S, B) when
the covariance between the real cash flow news and real interest news is positive.
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covariance between stock and bond returns. Theoretically, positive shocks to stock risk
premium and real short-term interest rate should cause stock and bond prices to decrease
and vice versa, however empirically we observe the opposite: a positive covariance causes
stocks and bonds to move in opposing directions. Here it seems that the (unconditional)
insight of |(Campbell and Ammer| [1993] in which the covariance of stock and bond returns
is made up of several offsetting forces, holds true for the (conditional) time variation in

stock-bond covariance.

We also comment that |Campbell et al. [2009b] motivate the covariance between real and
inflation shocks to explain the negative correlation between stock and bond returns. Al-
though theoretically apparent from the decomposition of Equation [9] empirically this does
not appear to be the case. The only covariance term between real and inflation variables
that seems to display some significance is that between future excess stock return news
and inflation news. The interaction between these news components actually causes the
covariance between stocks and bond to increase. Such a finding therefore supports the
scope of “flight-to-safety” and “flight-to-liquidity” when trying to explain the occurrence

of negative stock-bond correlation.

6 Robustness

We use the Dynamic Conditional Correlation (DCC) model of Engle| [2002] to compute the
conditional variance and covariance of the news components for use within the regressions
to investigate the role of these news components in explaining the time variation in the
second moments of stock and bond returns. We found significant results that we were
able to link to both theoretical and empirical papers on stock-bond correlation. In order
to check that these results were not simply an artifact of the DCC model we were using,
here we compute the conditional variance and covariance of the news components using
the Exponentially Weighted Moving Average (EWMA) (co)variance mode]ﬂ In a similar
fashion to that above, we then regress the realised second moments of stock and bond
returns on the conditional variances and covariances of the news components. We report

these results in Table [Tl below.
[Table 7 about here.]

We see that the regression results are fairly similar when using the EWMA model and

are encouraged from the finding that the same coefficients are significant both statistically

2TFor further details of the model and our estimation methodology, see Appendix C.
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and economically when compared to using the DCC model. Such a robustness check sup-
ports the notion of the role of macroeconomic components being able to explain the time

variation in the second moments of stock and bond returns.

We note an interesting insight in that the R? of the stock variance regression has increased
to be above the R? in the bond variance regression in Table 7} David and Veronesi [2008]
and Baele et al. [2010] find that economic factor models have a harder time explaining
bond volatility than stock volatility, which we agree with when using the EWMA model to
describe the comovement between the news time series. We thus highlight the importance
of not only the economic variables used in the model used but also the model itself when

trying to explain the second moments of stock and bond returns.

7 Concluding remarks

In this paper we conduct an empirical investigation into the time variation of the second
moments of stock and bond returns. Using a (Campbell and Shiller| [1988] decomposi-
tion we are able to identify and investigate the economic mechanisms on the variation of
stock-bond correlation. Our first innovation is the use of survey forecasts on the economic
components to back out a time series of unexpected values (news) for these components.
Our second innovation is the use of the DCC model to generate (co)variance time series
of the news of the economic components. This allows us to perform regressions of realised
second moments on the (co)variances of the decomposed economic news components in
order to investigate the role of the economic components in explaining the time variation

in volatility and correlation of stock and bond returns, this being our third innovation.

From the unconditional variance decomposition we find similar results to |Campbell and
Ammer|[1993]. A large part of the variance of excess stock returns is attributed to chang-
ing expectations of future excess stock returns following by changing expectations of future
real cash flow. As for the variance of excess bond returns, it seems that changing future
excess bond returns dominate the other components. An important finding that is differ-
ent from the current literature is the role of the covariance terms in the decompositions.
For both excess stock and bond returns, these covariance components are important con-
tributors of the volatility of returns. The decomposition also reveals that the covariance is
determined by the interaction between several offsetting forces. Our findings complement
those of David and Veronesi| [2008] and (Campbell et al. [2009b] in that the covariance

between real and inflation shocks leads to decreases in the stock-bond covariance.
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Complementary to the unconditional decompositions we find that uncertainty of real cash
flow and the covariance between real cash flow news and excess stock return news are all
significant for explaining the time variation of stock return variance up to an R? of 16%.
Our findings add to the literature that cash flow news obtained from survey forecasts are
informative for stock pricing (Pastor et al.| [2008]). Variation in bond returns can mainly
be explained by uncertainty of the future inflation rate and the future real short-term
interest rate. Another important finding is that the covariance terms also have a signifi-
cant role in explaining the variation in bond returns. As for the variation in stock-bond
covariance, we report that the covariance of cash flow news and real short-term interest
rate news is important for contributing to the occurrence of a negative correlation between
stocks and bonds. We note that we are among the first to demonstrate the informational

content of survey forecasts for stock-bond correlation.

The caveats of our work are two fold. The first being the lack of longer range forecasts
for the economic components. Since the decompositions of the long-term assets require
expected values of the components over a number of horizons, we therefore have to impose
a model in order to generate the longer-horizon forecasts. Although every effort was taken
to ensure the model would only complement the forecast data that we did have from the
surveys, the possibility of measurement error from using such a model therefore exists.
The second being the use of a conditional volatility model to generate the time varying
(co)variances of the news components. Since higher frequency (i.e. daily) forecasts and
actual values for the economic components do not exist, we are unable to generate realised
news time series from which we can construct the realised monthly (co)variances of the
news components. Thus, use of a conditional volatility model to generate the (co)variance

time series is as good as we can achiev@

Contrary to Baele et al.| [2010] we show that macroeconomic factors are able to explain
time variation in the second moments of stock and bond returns. We note that economic
models are only as good as the factors that are used in the models. Our factors are theo-
retically motivated and seem to do well at explaining some portion of the time variation
in the second moments of stock and bond returns, although not all of it. Indeed we be-
lieve the phenomena of flight-to-quality and flight-to-liquidity in our sample period would

have hampered the effectiveness of our news components in explaining changing stock and

28 Again, we attempted to address this concern by performing robustness checks of using a different form
of conditional volatility model. We found that our results were still present in this case.
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bond prices. One way to extend the research in order to proxy for this dynamic would
be a time series measure of the cross-sectional dispersion of the analysts’ forecasts for the
economic components. The additional explanatory power that such a measure would have
in the regressions we have performed would be very interesting, especially for the periods
of negative correlation. Also, given the inherent noise in our estimation of the realised
volatility and correlation of stock and bond returns, we suggest the use of intra-day data
in order to obtain a more accurate monthly estimate of the second moments. We leave all

this as a suggestion for future work.
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Appendix

A: Theoretical return expressions

Surprises in stock returns

Using the well-known identity expression of stock returns:

RS _ P14+ Dy
t+1 Pt

where RtsJrl is the holding period return for stocks from period ¢ to ¢ + 1, P;41 is the price

and Dy is the dividend paid, all at time ¢ + 1. Rearranging the equation above, taking

logs and then log-linearizing we can approximately write the continuously compounded

returns as:

riv 2 k+p (P — disr) + (der — di) — (e — dy)

~k+p(pev1 — diy1) + Adpr — (pe — dy)

where lowercase letters refer to logs, k is a constant of linearization, p is a discount
factor which is slightly below 1 and A represents a one-period backward difference. Log-
linearization is a type of series expansion where the log of the sum is approximately a
weighted average of the log of the components of the sum. The approximation is good if
we assume that the log dividend-price ratio does not follow an explosive process so that we
can impose the terminal condition lim; oo p? (p+; — di4j) = 0. Rearranging the equation
in terms of (p; — d;) to solve the equation forward and taking expectations at time ¢ we

obtain:

k —
pt_dt%1_p+Et;p] (Adyyy =)

Note that E; denotes the expectation formed at the end of period ¢ conditional on the
information set that includes the history of stock prices and dividends up to period ¢.
We get returns from price changes or dividends. Using equation [7| we can therefore relate
changes in returns to changes in rational expectations of future dividend growth and future
stock returns. Ignoring the constant, thus treating the variables as deviations from the

mean, we can define in general the unexpected return as:

rer1 — Ei[rer1] = Eega[peva] — Ee[pera]
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This is simply just taking expectations with respect to the information set in the previous
period so as to obtain the one-step ahead predictor of prices. Plugging in equation [7] into

equation [7] we obtain:

S 1
ey — Ee[rey] = (Brpr — Er) Z PIAd — Z P
7j=1 7j=2
Decomposing stock returns into excess stock returns and the short-term interest rate we
can write:

s _ 8
Tip1 = €1+ Tt

where efﬂ is the log real excess stock returns and 7441 is the log real short term interest

rate. Combining with equation [7] leads to:

ets+1 Et[et+1] (Et1 — Ey) ZP] Adyyj — Zﬂj Tt+j — ZP] 1et+]

Jj=1 Jj=2

Surprises in Bond Returns

(N)

Defining the log price of an nominal N-period zero-coupon bond at time ¢ as p; ’, in a
similar spirit to that above, the log holding period return on such a bond, which is held
from ¢ to t + 1 can be written as:
(N) _  (N-1) (N)
Tt41 =Pry1 - — Pt
This can be thought as a difference equation in the log bond price. Solving this equation
forward to the maturity date of the bond, where at maturity the bond price is at par

(which we set equal to 1 so that the log of the price is zero, i.e. pg_s_)N = 0), we obtain:

N N 1
PE )= - [T§+) + T§+2 RN TEJF)N]
o (N+1—3)
= - t-H

This equation holds ex-post but can also hold ex-ante. Taking expectations at time ¢:

(N+1—j)
=K Z Tttj

where we obtain an expression that states that the log price of an N-period zero-coupon

bond at time ¢ is a sum of the expected future returns. Substituting this into equation
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we can write:

N
N+1—-
§+1) Ey[r; ~> (Biy1 —E Tt(ﬂ K
Jj=2

This equation states that as the nominal returns to a zero-coupon bond are known over
the life of the bond, any unexpected nominal return gains that we see today must be offset
by decreases in expected future nominal returns, and vice versa. As we shall be comparing
the returns on stocks to those on bonds, we need to work with real returns. As above, we
further decompose bond returns into excess bond returns and a short-term interest rate

since it will be more useful for our purposes. We therefore write:

B (N)
€41 = Teq1 = T+l — T4l

where 741 is the inflation rate at time ¢t + 1 and as above, ry41 is the log real short term

interest rate. Substituting this into equation [7| we obtain:

B B
e — Eelegq] = (e — Z Tigj — Z Tttj — Z €tyj

B: Data construction

Our data runs from July 1984 to December 2009 since this is the period in which we have
forecast data from the BlueChip Economic Indicators (BCEI) database. As one of the
innovations to the literature, we use a monthly frequency in the paper, whilst most other

empirical work studying stock-bond correlation use quarterly data.

Stock data

Stock market index: We use the CRSP value-weighted market index comprising of the
stocks traded in the NYSE, AMEX and NASDAQ as the market portfolio. Excess returns
are defined as returns over the past 12 months less the rolling 3-month Treasury Bill yield

over the same holding period.

Earnings: These are from the National Income and Product Account (NIPA) tables (Table
1.12, line 13). We use corporate earnings before-tax with IVA and CCadj. This data is

quarterly so to construct monthly earnings data we use a linear interpolation scheme.
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Bond data

Bond market index: We use the monthly 10-year zero-coupon bond yield from the daily

off-the-run Treasury yield curves constructed by |Gurkaynak et al. [2007] which is available

(n)

from the Fed webpage. If we let e;

denote the continuously compounded log excess
return on an n year discount bond in period t + 1. Bond excess returns are then defined

as eﬁ)l = 7"751)1 — yt(l), where rgi)l is the log holding period return from buying an n year

bond at time ¢ and selling it at ¢t + 1 as an n — 1 year bond. ygl) is the log yield on a

rolling 3-month Treasury bill held for one year.

Cochrane and Piazzesi| [2005] factor: Following their procedure, we construct 1 through
5 year forward rates from the nominal bond yields, as well as 2 through 5 year excess
returns. We then regress the average of the 2 through 5 year excess return on a constant,
on the one year yield and the 2 through 5 year forward rates. The CP factor is then the

fitted value of this regression.

Empirical proxies for decomposed components

The BlueChip Economic Indicators (BCEI) database provides survey forecasts on an in-
dividual level of various macroeconomic variables. Two kinds of monthly forecasts are
obtained from participants, one for the current calendar year and one for the next calen-
dar year. For instance, in January 2009, participants provide a 12-month forecast for the
value of the macro-variable at the end of the current year 2009, and a 24-month forecast
for the variable at the end of the next calendar year 2010. Thus, for February 2009, the
forecast horizon for 2009 is now only 11 months while for 2010 it is 23 months, and so on.
In order to obtain a constant and consistent time-series of expected values, the forecast
for the current year and the next year are weighted together to create a rolling constant

horizon 12-month forecast:

12 —

m
E
12 by

m
E; = —E
t—t+12 = 5l +

where E; ;112 denotes the 12-month forecast/expectation of the variable at time ¢, E; ¢
and [E; y are the respective expectations of the variable for the current and next year at
time t and m is the number of remaining months during the current year. For each year
being forecasted, 24 forecasts with horizons varying from 1 month to 24 months are made.

The constant horizon forecast that we extract from the data therefore displays seasonality.
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To mitigate this problem of seasonality, we adjust the series with a X-12 ARIMA ﬁltel{ﬂ

C: Conditional (co)variance models

Dynamic Conditional Correlation (DCC) model

The Dynamic Conditional Correlation (DCC) model proposed by [Engle| [2002] is a gener-
alisation of the Constant Conditional Correlation (CCC) model by Bollerslev| [1990]. It is
thus a simplified multivariate Generalised AutoRegressive Conditional Heteroskedasticity
(GARCH) model which has the flexibility of a univariate GARCH model together with a
parsimonious correlation specification without having the traditional computational diffi-

culties associated with multivariate GARCH models.

Assuming a random variable x; as an n-dimensional multivariate normal process with

zero mean and variance-covariance matrix Hy, we write:
Tt | thl ~ N(O, Ht)
We can also write this in terms of a “mean equation”:
Ty = Htet

where ¢, ~ N(0,1) which are the standardised normal distributed disturbances. We

express the variance-covariance matrix as:
/
Ht == Etfl(l'tl‘t) = DthDt

where D; = diag(y/H;) whose diagonal elements are the time-varying standard deviation
of the residuals of the mean equation for each of the n processes which we assume all

respectively follow a GARCH(1,1) model:

2 2
Hyji =By 1(zf) = wi + iz + BilHi 1

298ee http://www.census.gov/srd/www/x12a/ for more details.
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After estimating this model to obtain the conditional variance for each process, the stan-

dardised residuals are then defined by:
et =Dy 'y

In contrast to the CCC model the correlation matrix R; = Et,l(ete;) is now allowed to be
time-dependent. Thus a quasi-correlation matrix for the standardised residuals is proposed
as a stochastic process for a matrix () that is an approximation to the correlation matrix.
We use a mean-reverting model for the correlation process analogous to the GARCH(1,1)

process:

Qi =R+ aleg-16_, — R) +B(Qi-1 — R)

where R = %Eleete; is the unconditional correlation of the standardised residuals. Thus,
the conditional correlation depends on the common GARCH parameters o and (§ and
on the unconditional correlation between the standardised residuals. The matrix @ is
guaranteed to be positive definite if o, § and (1 — a — 3) are all positive and if the
initial value, @)1 is positive definite. This is because each subsequent value of Q) is a
weighted average of positive semi-definite and positive-definite matrices, and thus it is
positive-definite. This produces a process for the matrix () that delivers a positive-definite
quasi-correlation matrix for each time period. It does not ensure however that this is a
conventional correlation matrix. Thus to convert these () processes into correlations, it is

rescaled according to:

Ry = \/diag(Q:)Q\/diag(Qy)

In order to estimate the variance and correlation parameters, a Maximum Likelihood
Estimation (MLE) method can be employed. Such a technique uses trial and error to
determine the optimal parameter value that maximises the likelihood of the data to occur

for the particular model. We can write the log-likelihood for the data set {zy...x7} as:

M=

(n log(27) + log| Dy Ry Dy| + x;Dt_lRt_lDt_lxt)

DN =
o~
Il
—

I
o]
M=

(n log(2m) 4 2log|Dy| + log| R:| + e;R;let)

H
Il
—_

I
o]
M=

<n log(27) + 2log| Dy| + 2, D2, — eye; + log|Ry| + e;Rt_let)

H
Il
—
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As outlined in |Engle [2009], the log-likelihood can simply be maximised with respect to all
the parameters in the model. However the log-likelihood can also be decomposed into two
parts. The first containing the variance parameters and the data; the second containing

the correlation parameters and the standardised residuals:

L= Lvol + Lcorr

T
1 /
Lo = —5 > (nlog(2m) + 210g|Dy| + 2;D; %, )
2 t=1

N —

T
Leorr = —5 Z <log|Rt| + E;th_lex - 6;67‘>
t=1

This can then be estimated using a two-step procedure. The first-step is to maximise the
variance part of the likelihood function, L,.;, by computing the univariate GARCH models
for each of the series and taking the sum of these likelihood functions. The second-step is
to then take the standardised residuals from the first-step and maximise the correlation
log-likelihood function, L., with respect to the correlation parameters. The term e;et

can be ignored as it does not depend on the parameters being optimised.

Exponentially Weighted Moving Average (EWMA) model

An Exponentially Weighted Moving Average (EWMA) model can also be used for the
conditional variance-covariance matrix. Assuming the same distribution as above for the

random variable x ~ N(0, H;), we define the EWMA variance-covariance model as:

= AH;_1 4 (1= N1z,

A>0

where X is the weight assigned to the lagged variance-covariance matrix; it is also known as
a decay rate since the weight assigned to the 22 terms decline exponentially as one moves
back through time. Note that the same value of A should be used for both the variance
and covariance series in order to ensure consistency of the combined variance-covariance
matrix. We similarly estimate A using the MLE technique. The log-likelihood can thus

similarly be written as:

T
Z (nlog (2m) + log| Hy| + l’tH {L‘t>
t=1

l\.’J\H
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In the usual fashion as above, we determine the value of A\ using an iterative procedure to

maximize this log-likelihood.
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Panel A. Realised volatility of stock returi
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Figure 1: Panel A plots the monthly time series of realised volatility of stock and bond
returns, computed as the annualised standard deviation of daily returns within the month.
Panels B and C plot the realised covariance and correlation between stock and bond
returns, also computed from daily data within the month. All plots are overlaid with
NBER recession bands. Stock returns are based on the value-weighted return index of
stocks traded in the NYSE, AMEX and Nasdaq markets from the Centre for Research in
Security Prices (CRSP). Bond returns are based on the US 10-year Treasury bond yields
obtained from daily off-the-run Treasury yield curves constructed by |Gurkaynak et al.

[2007).
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Panel A. Forecast vs. realised excess stock returns
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Figure 2: Plots of the forecasted versus the realised excess stock and bond returns
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Panel A. Cash flow news Panel B. Real interest rate news

0.2 0.1
0.1 0.05

0 ﬂ H 0 4
-041 R -0.05 1
-0 L L -0 L L

1%84 1993 2001 2010 11984 1993 2001 2010

Year Year
Panel C. Stock risk premium news Panel D. Inflation news

02 0.1
0.1 0.05 1

0 , .; 0 ‘f
04 | | 1 -0.05
0 . . 0 . .

1%84 1993 2001 2010 11984 1993 2001 2010

Year Year
Panel E. Bond risk premium news

02
0.1 1
-01 &
0 . .

1%84 1993 2001 2010

Year

Figure 3: Time series plots of the news components from the Campbell-Shiller decompo-
sition.
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Table 1: Forecasts of excess stock returns

All variables are in percentage points and the coefficients are estimated using OLS based
on data from July 1984 to December 2009 (306 observations). We do not present the
estimated regression intercept . Returns are based on overlapping monthly observations
of annual returns. The dividend price ratio, d/p, is based on the return with and without
dividends for the preceding year. Term spread, y®) — (1) is the yield on the 5-year zero-
coupon bond above the yield on the 1-year zero-coupon bond. The CP-factor, v f, is
constructed from from a linear combination of forward rates. Note that the standard errors
are corrected for overlapping observations and heteroskedasticity by GMM. The critical
value of the t-statistic at which we reject the null hypothesis of 3 = 0 at significance level
of 5% is [t| > 1.96.

Regression d/p (t-stat) y®) —y( (t-stat) ~Tf (t-stat) AdjR>

1 483 (1.78) 0.07
2 3.39 (1.65) 0.04
3 2.00 (1.47)  0.04
4 3.94  (1.46) 2.11 (1.05) 0.08
5 2.06 (0.88) 1.12  (0.67)  0.04
6 3.91  (1.20) 0.97 (0.63)  0.07
7 3.87  (1.24) 1.97 (0.83) 0.14 (0.07)  0.07
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Table 2: Descriptive statistics of the news components

Descriptive statistics of the news time series based on the Campbell-Shiller decomposi-
tion. Panel A shows the sample mean and standard deviation of each of the news series
respectively. Panel B gives the correlation between the news series and panel C presents
the first 5 lags in the autocorrelation of the news time series.

Scr S, & B, S, B, B.
Panel A: Mean & Std Dev
Mean —0.002 0.008 —-0.010 -0.002 -—0.013
Std Dev 0.051 0.021 0.071 0.016 0.039
Panel B: Correlation
SCF 1.000 0.057 0.659 0.042 0.045
S, & B, 1.000 —-0.214 —-0.695 —0.105
Se 1.000 0.127 0.209
B, 1.000 —0.381
B, 1.000
Panel C: Autocorrelation
Lags
1 0.850 0.373 0.477 0.307 0.011
2 0.765 0.405 0.341 0.183 —0.028
3 0.671 0.389 0.335 0.188 0.147
4 0.594 0.408 0.333 0.177 0.224
5 0.522 0.426 0.254 0.084 0.010
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