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ABSTRACT

Revisions in successive Greenbook forecasts of quarterly real GDP growth proxy
for news of current and expected future economic growth. In the sample 1975
through 2015, news of future growth is slightly negatively related to contempora-
neous changes in Treasury bond yields, while news of current growth is strongly pos-
itively related to changes in these yields. Both results are difficult to reconcile with a
representative agent’s bondholding first-order condition. A continuous-time dynamic
model of output attributes almost all of the covariation with yields to martingale in-
novations in log output and a minimal amount to innovations in the conditional drift
of log output.

MACROFINANCE RESEARCH EXPLORES THE JOINT dynamics of economic
growth and a stochastic discount factor (SDF). Models typically characterize
time-varying conditional expectations of both economic growth and the SDF.
Since real yields are inverses of conditional expectations of the SDF, these
models often have rich implications for the comovement of news about eco-
nomic growth—both current and expected future growth—with innovations in
real yields.

I estimate relations between growth news at various forecast horizons
and contemporaneous innovations in real yields, putting no economic restric-
tions on the possible patterns. The methodology is designed to shed light
on which mechanisms are plausibly important in linking economic growth
with real yields. I use forecast-to-forecast revisions in Federal Reserve Green-
book/Tealbook predictions of real GDP growth as news about economic growth.
Contemporaneous changes in nominal Treasury yields proxy for innovations
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in real yields, motivated by the evidence of Duffee (2018) that over short hori-
zons such a quarter, news about expected inflation accounts for very little of
the news in nominal yields. Changes in a one-year ex ante real yield (nominal
yield less expected inflation) also proxy for real-yield innovations.

Regressions identify key properties of the data, but cannot be applied di-
rectly to macroeconomic models owing to the time-averaging inherent in mea-
sured output. I therefore also build and estimate a continuous-time dynamic
model of aggregate real output with martingale innovations to log output and
transitory innovations in the conditional mean of output growth. Model esti-
mation explicitly accounts for time-averaging of measured output. The model
imposes no restrictions on the sensitivities of yields to macroeconomic news,
letting the data speak.

Data spanning the period 1975 through 2015 speak clearly, revealing two
striking results. First, there is no positive relation between news about ex-
pected future output growth and contemporaneous innovations in real yields.
Point estimates are negative and economically close to zero, with tight stan-
dard errors. Second, news about current output growth is closely tied to
contemporaneous changes in real yields. A 1% positive innovation in the
nowcast—a Greenbook prediction of current-quarter output growth that is 1
percentage point higher than the previous Greenbook’s prediction of output
growth in the same quarter—corresponds to increases in yields of around 20
basis points. The continuous-time dynamic model cleanly restates both of these
regression results. Yields are almost entirely insensitive to innovations in the
conditional mean of instantaneous output growth, and they load positively on
martingale innovations to instantaneous log output.

Some economic structure helps interpret these results. In representative
agent settings, two broad types of mechanisms link economic growth with real
yields through the logic of the first-order condition

1
R; = U (D)
E, i/

where R; is the gross one-period real risk-free rate from ¢ to ¢ + 1 and MU is
the representative agent’s marginal utility of consumption. I label them “first-
order” and “correlation” mechanisms.

Growth affects conditional expectations of relative marginal utility through
first-order effects of consumption on marginal utility. All else equal, higher ex-
pected consumption next period lowers expected relative marginal utility and
thus raises real yields. This is the standard elasticity of intertemporal substi-
tution (EIS) effect that appears in all consumption-based models with news
about the future. This EIS effect creates positive comovement between news
about future growth and innovations in real yields. Ignoring the difference
between news about aggregate consumption growth and news about output
growth, this positive EIS relation sharply contrasts with the small negative
relation in the data.
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Another first-order effect appears in models with habit formation such as
Campbell and Cochrane (1999) and Smets and Wouters (2003). All else equal,
an immediate change in consumption that is anticipated to be permanent (i.e.,
a martingale innovation) raises expected relative marginal utility because the
representative agent anticipates a rising habit in the future, or equivalently a
declining surplus. This lowers real yields. This habit effect creates negative co-
movement between news about current growth and innovations in real yields,
again in sharp contrast to the strong positive relation in the data.

In addition, economic growth can be indirectly related to conditional expecta-
tions of relative marginal utility through correlations of economic growth with
other determinants of these expectations. Two standard correlation channels
work through precautionary savings and preference shocks.

Correlations with precautionary savings arise when news about current or
expected future growth is correlated with the conditional volatility of marginal
utility. Possible channels include countercyclical conditional volatility of sur-
plus consumption as in Campbell and Cochrane (1999) or countercyclical
macroeconomic uncertainty. With countercyclical conditional volatility, high
growth accompanies higher real yields through a reduction in the precaution-
ary savings motive.

Real yields can also vary simply because investors arbitrarily choose a dif-
ferent trade-off between consumption today and consumption in the future.
These shocks to the representative agent’s time rate of preference (akin to de-
mand shocks in the New Keynesian literature) are plausibly correlated with
news about current and expected future economic growth. Nonzero correla-
tions arise naturally in New Keynesian models following Smets and Wouters
(2003). In an endowment economy setting, Albuquerque et al. (2016) provide
empirical evidence supporting nonzero correlations between economic growth
rates and shocks to the time rate of preference.

Within the representative agent framework, the evidence here indicates
that correlation mechanisms must play a central role driving comovement
between economic growth and real yields. The signs implied by first-order
mechanisms do not match the signs in the data. Nothing in these results
contradicts the logic of first-order mechanisms. Instead, with a representative
agent, the effects of correlation mechanisms must dominate those of first-order
mechanisms.

However, matching the signs of both main results likely poses a consider-
able challenge even for representative agent models with correlation mecha-
nisms. A mechanism’s direction needs to switch sign with the horizon of the
economic news. With countercyclical conditional volatility, good news about
current output corresponds to lower precautionary savings and thus higher
real yields. The resulting positive comovement between news of current output
and changes in yields matches the sign in the data. But if this mechanism also
operates at longer horizons, good news about expected output growth in the
near future should similarly lead investors to anticipate lower precautionary
savings demand in the near future. Again, bond yields should increase, creat-
ing positive comovement between news of expected future output and changes
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in yields. This positive comovement works in the same direction as the EIS
effect. Their combined effect should generate positive comovement between
news about expected future output growth and changes in yields, not weakly
negative comovement as in the data.

Along the same lines, a positive shock to the representative agent’s desire to
consume rather than save raises real yields. In New Keynesian models with
slow adjustment, this positive shock raises current output and expected future
economic growth for the next few quarters (three to four quarters in Smets and
Wouters (2003)). These preference shocks induce positive comovement between
news of current growth and changes in yields, matching the sign in the data.
They also induce positive comovement between news of expected future growth
over the next few quarters and changes in yields, missing the sign in the data.

An alternative framework linking economic growth with real yields steps
away from the representative agent setting, emphasizing limited participation
in asset markets. I argue that the evidence here is not more easily interpreted
through the lens of limited participation, raising the modeling challenge.

Hall (1988) introduces the standard approach to estimating a representa-
tive agent’s EIS. Section I connects the empirical analysis contained here to
the literature that descends from Hall. Section II describes the data, presents
regression results, and conducts a variety of robustness checks. Section III
describes the continuous-time model of output dynamics and asset sensitivi-
ties. Section IV presents and interprets estimates of the dynamic model. Sec-
tion V concludes.

I. Motivating Theory

Standard asset-pricing logic links real bond yields to the dynamics of a rep-
resentative agent’s consumption. In discrete time, consider this agent’s first-
order condition at ¢ for a bond that pays a unit of consumption at period
t + 1. An important special case is expected utility with constant relative risk
aversion defined over aggregate consumption. Combined with the assumption
that the conditional probability distributions of aggregate consumption are log-
normal, these preferences imply

2

1
re =By + mrgki( ci1) — var;( Ci41), (2

EIS

where f; is a constant that depends on the time rate of preference, EIS de-
notes the elasticity of intertemporal substitution, CRRA is the coefficient of
relative risk aversion, and ¢; is the log of aggregate consumption. Attanasio
and Weber (1989) show that with joint log-normality of consumption growth
and asset returns, the linear relation in (2) between the real rate and expected
consumption growth generalizes to the recursive utility preferences of Epstein
and Zin (1989). The desire to smooth consumption over time connects expected
consumption growth directly to the real rate.
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A. Hall (1988)

Hall (1988) uses (2) to estimate the EIS. He assumes homoskedasticity,
which allows him to combine the precautionary savings term in (2) with the
constant. He then reverses the sides of (2), using instrumental variables (IVs)
to estimate

¢tv1 = Po+ Bire +ei1, 3)

where the IV estimate of 8; is an estimate of the EIS. Real rates are proxied
with nominal returns to Treasury bills less expected inflation.!

Other contemporaneous research explores similar approaches to estimating
the EIS. Hansen and Singleton (1983) and Summers (1982) work with non-
linear versions of (2). They use maximum likelihood and nonlinear two-stage
least squares, respectively, to estimate the EIS, or equivalently in an expected
utility setting, the inverse of the CRRA. Using real returns to Treasury bills
and instruments dated ¢ and earlier, both conclude that the EIS is roughly one.

Hall argues that these estimates are incorrect because the econometric
methodologies ignore the properties of time-averaged consumption. Although
the properties are well-known from Working (1960), it is worth going into a
little detail. Consider a jump in instantaneous consumption sometime during
quarter ¢ that conveys no information about expected future growth in instan-
taneous consumption—a martingale innovation. Through time-averaging, this
jump will raise quarter ¢ + 1’s measured consumption more than it raises quar-
ter t’s measured consumption. If the innovation is instantaneously contempo-
raneously correlated with the real rate, then the real rate at the end of period
t will predict the growth in measured consumption from quarter ¢ to quarter
t+1.

The concern of Hall is that the empirical relation between the real rate at
t and future measured consumption growth from ¢ to ¢ + 1 combines the true
predictive relation underlying (2) and a contaminating contemporaneous rela-
tion at ¢. By using instruments dated only # — 1 and earlier, Hall avoids this
time-aggregation problem. He reports estimates of the EIS that are close to
zero. Taken literally, the estimates indicate that the representative investor
strongly values smooth consumption.

The post-Hall literature follows his lead, using twice-lagged instruments to
infer the EIS.2 This literature does not recognize a logical puzzle with the ar-
gument. Under the maintained joint hypothesis of (2) and homoskedasticity,
there can be no contaminating contemporaneous relation because the model
does not admit the possibility that the real rate covaries with anything other
than expected future consumption growth. Therefore, there is no reason to
avoid instruments known at ¢.

1 Hall also considers versions of (3) where the expected real return to the stock market replaces
the real return to Treasuries. The analysis here focuses only on his results for Treasuries.

2 See, for example, Campbell and Mankiw (1989), Ogaki and Reinhart (1998), Basu and Kimball
(2002), Yogo (2004), Dacy and Hasanov (2011), and Gomes and Paz (2013).
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The large estimates of the EIS in Hansen and Singleton (1983) and Summers
(1982) relative to those in Hall (1988) are not a consequence of an econometric
error, but rather evidence that the model studied by these authors is misspeci-
fied. The estimates indirectly reveal a large positive contemporaneous relation
between economic growth and real rates, a relation explicitly documented in
the next section. This contemporaneous relation sharply contrasts with the
tested model. Since the conclusion that the EIS is close to zero relies on the
model, a more robust conclusion is that estimation of (3) cannot reveal the EIS
without more economic structure.

B. A Reversed Regression

Even using twice-lagged instruments, estimation of (3) with IV produces in-
consistent estimates of the EIS when real rates vary for other reasons. One
source of variation is a stochastic precautionary savings motive. Bansal and
Yaron (2004) discuss the errors-in-variables problem with (3) created by condi-
tional heteroskedasticity. The same problem accompanies shocks to the agent’s
time rate of preference.

When the real rate varies independently of future economic growth, estima-
tion of the reversed regression

re=Y0o+ VY1 Cer1+eq1 4)

with IV can produce consistent estimates of the inverse of the EIS. Indepen-
dent variation in the real rate shows up in the residual of (4) but does not affect
IV estimates of y; unless this variation is correlated with the IV projection of
consumption growth.

More generally, differences between EIS estimates from (3) and (4) point to
misspecification. Campbell and Mankiw (1989) find such differences and argue
that they are consistent with a heterogeneous agent model in which liquidity-
constrained agents account for much of consumption. If so, both (3) and (4) are
misspecified. Section II.C takes a close look at this limited-participation argu-
ment. More striking evidence of misspecification appears in Canzoneri, Cumby,
and Diba (2007). To oversimplify their analysis, they use vector autoregres-
sion forecasts of consumption growth to instrument for expected consumption
growth and find negative estimates of y; rather than positive values implied
by the desire to smooth consumption.

Unfortunately, as noted by Neely, Roy, and Whiteman (2001), instruments
contain relatively little information about future consumption growth. Thus
the point estimates and confidence bounds for (4) are unreliable. Canzoneri,
Cumby, and Diba (2007) do not report standard errors, but in the text they
mention the statistical insignificance of their results. Yogo (2004) explores this
weak instruments problem in detail, arguing that robust estimation methods
produce estimates of the relation between real rates and expected consumption
growth that align closely with those of Hall.
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In sum, this early literature concludes that estimates of (4) are poorly be-
haved, yet equating the regression coefficient in (3) with the EIS relies on a
homoskedastic setting with uncomplicated preferences. My empirical approach
resuscitates the estimation of equations such as (4) by treating Greenbook
economic forecasts as direct measures of expected economic growth at vari-
ous horizons.

C. Generalizing EIS Regressions

Rather than simply plugging Greenbook forecasts into (3) and (4), I work
with generalized versions of these equations to better understand connections
between real rates and economic growth. The model of Smets and Wouters
(2003), with habit formation and shocks to the time rate of preference, helps
motivate the approach. The real-rate equation of Smets and Wouters is (ignor-
ing a constant term)

1 1 | =
rtz—l_hmEt Ciy1—GC T 1_LEIS C:—Ci +(1_P)i=0 p'ne—ir  (5)

where 0 < h < 1 measures the degree of habit formation, the innovations are
time rate of preference shocks, and p is the persistence of these shocks. New
Keynesian models use demand shocks to generate exogenous fluctuations in
the representative agent’s desire to consume. Preference innovations are one
type of demand shock, and I use the shorthand “demand shock” to refer to time
rate of preference shocks.

Asset-pricing logic underpins (5). Holding constant current consumption
growth (the second term on the right) and demand shocks, high expected fu-
ture consumption growth corresponds to a higher real rate because the in-
vestor wants to borrow from the future to consume today. A high degree of
habit formation A, like a low value of EIS, means that the real rate has to rise
substantially for the representative agent’s first-order condition to be satisfied
without borrowing. In other words, high A and low EIS both raise the sensitiv-
ity of the real rate to expected consumption growth.

Holding constant expected future consumption growth and demand shocks,
higher contemporaneous consumption growth corresponds to a lower real rate
because the representative agent wants to save for times when their future
habit is high. Finally, demand shocks in this model are equivalent to a lower
desire to save for the future, thus they raise the real rate.

In the spirit of (5), we can augment (4) with contemporaneous consumption
growth. The conditional expectation version is

rr=yo+vkE: cp1+ye cr+eia. (6)

In addition to its role in capturing habit formation, explicitly including con-
temporaneous consumption growth in (6) helps disentangle the time-averaging
problem, avoiding the need for using twice-lagged instruments to form the con-
ditional expectation of future consumption growth.
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In the special case of (5) where demand shocks are orthogonal to current and
expected future consumption, parameters of (6) pin down both the EIS and the
degree of habit formation. But we need not take this special case seriously
because it cannot match the sign of the coefficient on contemporaneous con-
sumption growth. In (5), this coefficient is negative. The evidence in the next
section, anticipated by the wedge in EIS estimates between Hall (1988) and
those of Hansen and Singleton (1983) and Summers (1982), tells us that in the
data the coefficient y» in (6) is positive.

In principle, correlation effects can explain this discrepancy. Procyclical de-
mand shocks and countercyclical precautionary savings bias upward both re-
gression coefficients in (6). In Smets and Wouters (2003), positive recent de-
mand shocks (higher desire to consume) produce higher interest rates along
with higher current and expected future consumption growth. In their endow-
ment economy with time rate of preference shocks, Albuquerque et al. (2016)
estimate that positive shocks to the desire to save lower both real rates and
consumption growth.

A large literature summarized by Bloom (2014) documents countercycli-
cal macroeconomic uncertainty. Thus good news about economic growth—
presumably either news about current growth or news about expected future
growth—should be accompanied by a lower demand for precautionary saving,
driving consumption and real rates in the same direction. Similarly, habit mod-
els along the lines of Campbell and Cochrane (1999) naturally generate a coun-
tercyclical precautionary savings motive. Good news about economic growth
raises the representative agent’s consumption further away from the habit
boundary, lowering the conditional volatility of surplus. Wachter (2006) shows
how to parameterize a habit model such that higher consumption corresponds
to higher real yields.

In a nutshell, the first-order effects of consumption smoothing should pro-
duce a positive coefficient y; (through the EIS) in (6) and either a zero or neg-
ative coefficient y» (negative with habit formation). Correlation effects should
produce positive coefficients on both y; and y». Simple regressions such as (6)
cannot disentangle all of these effects.

Estimation of full-blown joint models of economic growth and interest rates
such as Smets and Wouters (2003) and Schorfheide, Song, and Yaron (2018)
can disentangle the effects if we assume the models are correct. However, as
the discussion in this section makes clear, misspecification is more likely than
not. Therefore, I take a different approach that summarizes atheoretically em-
pirical connections between economic growth and interest rates.

My approach differs in three ways relative to (6). First, I use Greenbook fore-
casts of real output growth rather than real aggregate consumption growth.
An extensive literature studies the properties of Greenbook’s output forecasts
rather than its consumption forecasts.? This choice prevents interpreting re-
gression coefficients as measures of the EIS or habit. However, evidence of

3 For example, Romer and Romer (2000), Sims (2002), Tulip (2009), and Reifschneider and Tulip
(2019) all examine properties of Greenbook output growth forecasts.
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misspecification is sufficiently strong that such interpretations are an over-
reach even when using aggregate consumption. I instead focus on signs and
rough magnitudes.

Second, I examine comovement of economic growth with short-maturity and
long-maturity yields rather than simply the one-period real rate. There might
be important information in the comovement with long-maturity yields that
we miss by studying exclusively short-maturity yields.

Third, I examine innovations rather than levels because I do not directly
observe real yields. Instead, I have proxies for their innovations between two
dates. Consider two days #; and g, t3 > 1, where ¢35 is some time during calen-
dar quarter 7. Since the data align with Greenbook forecasts, these two days
are about six weeks apart. Denote the log of aggregate real output in quarter
7 by y.. Denote the yield on an m-maturity real bond at the end of quarter = by
I'm.-- In the spirit of (6), the innovation version is

E, —E; rn.=p1 Et, —E;, yeij+p2 Eyy, —Ey, y:+eny,, t1<ty<rt.
(7)
Equation (7) links innovations in real yields to contemporaneous news about
current and expected j-quarter-ahead economic growth.

Following Duffee (2002), assume that yields are close to martingales over
short horizons, and replace the yield innovation on the left of (7) with the
change in the yield from the earlier to the later date. I add a constant term so
that identification of the important parameters comes from second moments
rather than means. The result is

Tty = Tmt, = 0+ p1 Bty —Ey, yoyj+p2 Eyy —Eyp Yo +eq g, (8

To help interpret the estimation results for (8), I estimate corresponding re-
gressions for excess aggregate stock returns from #; to o,

Xripy, =Yoo+ V1 By —Ey Yoyj+ U2 By —Ey yo ey, 9

The general idea behind (8) and (9) is to identify different types of economic
news exclusively from forecast innovations of output growth, then asks how
this news relates to bond yields and stock returns. Thus this research is close in
spirit to Cieslak and Pang (2021), who impose intuitive restrictions on the joint
dynamics of stock returns and bond yields to identify “monetary” and “growth”
shocks (as well as risk-premia shocks) from high-frequency asset data. They
then ask how these shocks covary with lower-frequency innovations to output
and inflation survey forecasts. In other words, they identify different types of
economic shocks exclusively from stock returns and bond yields, then ask how
these shocks relate to macroeconomic forecast innovations.
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II. Regression Evidence

This section presents results of estimating (8), (9), and related regressions.
The first two subsections describe the data and the final two subsections dis-
cuss the regression results.

A. News about Expected Growth

Federal Reserve Board staff produce economic forecasts prior to every meet-
ing of the Federal Open Market Committee (FOMC). The forecasts, known as
either Greenbook (prior to 2010) or Tealbook (since 2010) forecasts, are avail-
able with a five-year lag for all FOMC meetings since 1967. I use the term
“Greenbook forecast” regardless of the date of the forecast. Real quarterly out-
put growth (initially GNP, then GDP) is one of the five macroeconomic vari-
ables included in every Greenbook forecast. The maximum forecast horizon is
only one or two quarters ahead for most of the 1960s. By mid-1974, the maxi-
mum horizon is routinely at least four quarters ahead. The empirical analysis
in this paper uses Greenbook projections beginning with the final forecast of
1974 through 2015.

Index each Greenbook by i =0,...,T, and hence index forecast revisions
by 1,...,T. The index corresponds to the order of the FOMC meetings rather
than specific points in calendar time. Forecast i = 0 occurs on December 11,
1974 and forecast i = T' = 348 occurs on December 9, 2015. Denote the quarter
in which a forecast is made as g;, an index from 0 (1974Q4) to 164 (2015Q4).
The forecast horizon is indexed with j, from j = —1 (what was output growth
last quarter?) to j = 5. Greenbook reports these as quarterly growth rates com-
pounded to an annual horizon. I convert these forecasts to continually com-
pounded growth rates expressed in annualized percent,

0 _ ¢ GDPy.; *

forecast;”” = 100log E; GDP, ., 1 ,

where E¢ refers to the raw Greenbook forecasts. The term “nowcast” refers to
the forecast for j = 0.

This research relies heavily on the interpretation of Greenbook forecasts as
close to rational forecasts (or, at least, investors’ forecasts) of output growth.
A standard tool to help evaluate forecast rationality uses the property that
realized variables equal rational forecasts of these variables plus an unfore-
castable residual. A regression implementing this logic is

realized growth, . ; = by + b1 forecastl(.j) + ba(nowcast;) +eq,+ ;. (10)

In words, (10) regresses the outcome on the corresponding prediction made j
quarters earlier. Some regression specifications also include the nowcast made
J quarters earlier. If the forecasts are rational, then in population the coeffi-
cient on the lagged forecast is one and the coefficient on the lagged nowcast
is zero. I estimate this regression for various forecast horizons. Realizations
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Table I
Greenbook Forecast Accuracy

Greenbook i, produced in quarter g;, forecasts j-quarter-ahead growth in real GDP. The table re-
ports estimated coefficients from regressions of realized growth in quarter q; + j on the forecast at
meeting i. These are labeled “Regression 1.” For j > 0, results are also reported when the lagged
nowcast (j = 0) is included as an explanatory variable. These are labeled “Regression 2.” Realiza-
tions are from the NIPA real-time data set as of quarter g; + j + 2. Newey-West standard errors
are in parentheses, adjusted for j + 1 moving-average residuals. Asymptotic two-sided p-values
for tests that the coefficient equals one (zero) are in brackets (braces). The regressions use 349 ob-
servations from December 1974 through December 2015. Two observations are missing for j = 4
and 45 are missing for j = 5.

Regression 1 Regression 2
Horizon of Jj-Ahead Jj-Ahead Lagged
Realization () Forecast R? Forecast Nowecast R2
0 0.934 0.61
(0.076)
[0.386]
1 0.767 0.26 0.735 0.032 0.26
(0.140) (0.231) (0.161)
[0.095] [0.251] {0.844)
2 0.726 0.16 0.747 —0.027 0.16
(0.186) (0.204) (0.145)
[0.140] [0.215] {0.852}
3 0.559 0.08 0.556 0.005 0.08
(0.258) (0.244) (0.088)
[0.087] [0.068] {0.955})
4 0.642 0.08 0.727 -0.119 0.09
(0.280) (0.285) (0.094)
[0.201] [0.338] {0.204}
5 0.784 0.09 0.818 —0.058 0.09
(0.226) (0.231) (0.094)
[0.339] [0.430] {0.534}

on the left side of (10) are from the Philadelphia Federal Reserve’s real-time
National Income and Product Accounts (NIPA) data set as of quarter g; + j + 2.

The regression results do not allow us to reject the hypothesis of rational
forecasts. Table I reveals that all of the point estimates on the lagged forecast
are less than one, but none are statistically different from one at the 5% level.
All of the estimated coefficients on the lagged nowcast are economically small.
None are statistically different from zero at the 10% level.

Revisions from meeting i — 1 to meeting i in forecasts of j-ahead real
quarter-to-quarter GDP growth are

GDP%+] (
GDFg, . j-1 .

GDP(Ii+J

it j=—1,....4.
GDFy, 11

V=100 logEf

(11
Note that the horizon j refers to the horizon as of forecast i rather
than the horizon for forecast i — 1. For example, a Greenbook forecast of
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two-quarter-ahead growth made in 2012Q2 is forecasting growth from 2012Q3
to 2012Q4. If the previous Greenbook forecast was also made in 2012Q2, the
corresponding forecast is also a two-quarter-ahead forecast. If the previous
Greenbook forecast was made in 2012Q1, then the corresponding forecast is
the three-quarter-ahead forecast.

Another check on the rationality of these forecasts asks whether these fore-
cast revisions are predictable with revisions as of the previous Greenbook. The
regressions have the form

t<j> =bo+b1 ;:(2)1 + b2 ;:(3)1 _’_e;j)7 J=0,....4

The two forecast revisions on the right roughly capture the term structure
of lagged revisions. The Internet Appendix reports regression estimates.* The
maximum R? among the five regressions is only 0.04, lending support to the
view that the forecast revisions represent information revealed between the
two Greenbook dates.

Table II reports sample covariances among the forecast revisions. (More pre-
cisely, the table contains mean outer products—sample means are not sub-
tracted.) Asymptotic standard errors for these means treat each observation
as an independent draw from an unknown distribution. Results are displayed
separately for the 1975 through 1996 and 1997 through 2015 periods. The liter-
ature on stock-bond correlations mentioned in the introduction motivates the
choice of break point. For brevity, refer to the periods as “early” and “late.” The
samples contain 196 and 152 Greenbook forecast dates, respectively.

The two periods exhibit qualitatively different macroeconomic dynamics. In
the early period, near-contemporaneous innovations (the previous quarter and
the nowcast) are negatively correlated with innovations beyond one quarter
ahead. In the late period, forecast innovations are positively correlated for
all pairs of horizons. In addition, early-period volatilities exceed late-period
volatilities. The Internet Appendix uses forecast revisions from the Survey of
Professional Forecasters (SPF) to verify that these properties are not just an
artifact of Greenbook forecasts. The SPF data range from 1969 through 2019,
although the sampling frequency is only half that of the Greenbook data.’

The unstable dynamic properties over the sample period tell us we need to be
careful about drawing inferences based solely on full-sample results. Connec-
tions between asset prices and macroeconomic innovations plausibly depend
on the dynamics of macroeconomic innovations. Thus, I report subsample re-
sults for many of the empirical exercises that follow.

B. Asset Data

I treat changes in nominal yields between successive Greenbook forecasts
(approximately six-week changes) as proxies for innovations in real yields. Two

4 The Internet Appendix may be found in the online version of this article.
51 exclude the pandemic sample because it is drawn from a different distribution from the other
observations. The SPF nowcast revision for 2020Q2 is a 33-standard-deviation event.
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Table IT
Sample Covariances of Greenbook Forecast Revisions of Output
Growth

The forecast revision of j-ahead output as of Greenbook i is the forecast in Greenbook i less the
forecast for the same calendar quarter in Greenbook ¢ — 1. The table reports sample mean outer
products of these revisions. Revisions are expressed in annualized percentage points. Asymptotic
standard errors are in parentheses. Asterisks represent two-sided p-values at the 10%, 5%, and
1% significance levels.

Horizon Horizon (Quarters Ahead)

(Quarters Ahead) -1 0 1 2 3 4

Panel A: 1975 through 1996, 196 Observations

-1 114"
(0.18)
0 0.14 1.58°
(0.10) (0.24)
1 ~0.11 0.38"" 0.62"
(0.08) (0.11) (0.09)
2 ~0.15 ~0.14" 0.18™ 038"
(0.09) (0.08) (0.05) (0.08)
3 -0.12" —0.22" 0.04 0.93" 0.28"
(0.07) (0.07) (0.05) (0.07) (0.06)
4 -0.12" 016" —0.02 0.09"* 015" 0.17"
(0.04) (0.05) (0.03) (0.04) (0.04) (0.03)

Panel B: 1997 through 2015, 152 Observations

-1 0.80""
(0.09)
0 0.02 0.66™"
(0.07) (0.13)
1 0.05 0.31"" 0.46™"
(0.05) (0.11) (0.12)
2 0.07 0.13" 0.23™" 0.28"™"
(0.05) (0.06) (0.07) (0.07)
3 0.07" 0.09" 0.13™" 0.18™" 0.19"
(0.04) (0.04) (0.05) (0.05) (0.05)
4 0.06™ 0.05 0.06" 0.10"" 0.10"" 0.12""
(0.03) (0.03) (0.04) (0.03) (0.03) (0.02)

types of evidence discussed in Duffee (2018) motivate this interpretation. First,
as earlier research documents, monthly and quarterly changes in yields are
reasonable proxies for innovations. Random walk forecasts are often slightly
more accurate than econometric forecasts. Over short horizons such as a quar-
ter, differences between random walk and econometric forecasts are minimal.
Second, the inflation component of innovations in nominal yields is small.
News about expected one-year inflation accounts for between 7% and 15% of
the variance of quarterly changes in nominal one-year yields. Similarly, news
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about expected 10-year inflation accounts for between 10% and 14% of the
variance of quarterly changes in nominal 10-year yields. Thus, either news
about real rates or news about risk premia (minimal for a one-year bond) drive
the bulk of variation in these yields.

I check this assumption by also using changes in a one-year ex ante real
yield. The ex ante real yield is the nominal yield less expected inflation. Com-
paring results based on the one-year ex ante real yield with those based on the
one-year nominal yield reveals the (lack of) importance of inflation. In addi-
tion, in Section II.C I examine directly the relation between news of expected
inflation and news of expected output to evaluate whether inflation news can
plausibly account for empirical relations between revisions in growth forecasts
and revisions in nominal yields.

Contemporaneous changes in yields between successive Greenbook forecast
dates are

n1yi,A Nigyr; : change in nominal 1-year yield and 10-year yield from date of forecast
i — 1 to date of forecast i
Iy, N1y, — (expected 1-year inflation at date of forecast i

— expected 1-year inflation at date of forecast i — 1).

Changes in nominal bond yields from forecast : — 1 to forecast i use daily ob-
servations of Treasury zero-coupon 1-year and 10-year nominal yields from
Gurkaynak, Sack, and Wright (2007). The contemporaneous change in the ex
ante one-year real yield is the change in one-year nominal yield less the change
in expected inflation over the next year. I construct one-year expected inflation
with Greenbook forecasts of the GDP deflator. All of these data are expressed
with continuously compounded annual rates. The Internet Appendix contains
additional details about the data and their construction.

Some of the empirical results that follow use the excess stock market return
from one Greenbook forecast date to the next. The notation is

xri—1,; : excess log aggregate stock return from date of forecast i — 1

to date of forecast i.

Daily aggregate value-weighted stock returns from the Center for Research
in Security Prices are cumulated to construct the log stock return between
forecast dates. Excess returns are calculated assuming that the three-month
Treasury bill yield as of the date of forecast i — 1 is the risk-free rate for each
day between the two forecasts. The daily three-month Treasury bill yield is
from the Federal Reserve’s H-15 release.

C. Projections of Growth News on Changes in Yields

Hall (1988) applies IVs to (3) to estimate the predictive power of real rates
for future economic growth. The first set of regressions here capture and
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generalize the same idea by regressing Greenbook forecast revisions on con-
temporaneous changes in yields. Rather than considering only the one-quarter-
ahead growth forecast, the horizons here range from the backcast through four
quarters ahead. The regression using changes in a one-year nominal bond yield
is
G — b+ b T
; =00+t01 ny;+e 12)

i -

Other regressions replace the change in the one-year nominal yield with the
change in the one-year ex ante real yield and the change in the nominal 10-
year yield.

Table III reports estimates of (12). The table reports results for all forecast
horizons from j = —1 through j = 4. Regression evidence for the full sample
of 1975 through 2015 is in Panel A. Subsample results are in Panels B and
C, motivated by the evidence in Section II.A that forecast revision dynamics
changed substantially during the full sample.

The evidence leaves no room for ambiguity. There is a strong positive re-
lation between changes in yields and news about contemporaneous output
growth. At horizons j — 1 through j + 1, the estimated coefficients are all posi-
tive. The point estimates imply that a 10 basis point yield change corresponds
to between a 6 and 10 basis point change in the nowcast. Estimated coeffi-
cients for the nowcast are all statistically different from zero at the 5% level,
eight of the nine are statistically significant at the 1% level. Results for the
one-quarter-ahead forecast and the one-quarter-lagged backcast are consistent
with a purely contemporaneous relationship contaminated by time-averaging
quarterly output.b

By contrast, the relation between changes in yields and news about expected
future output growth ranges from strongly negative to zero. At horizons j > 2,
all of the full-sample parameter estimates for all three yields are negative.
Most are statistically different from zero at the 1% confidence level. The same
summary for j > 2 applies to the early sample of 1975 through 1996. In the
late sample of 1997 through 2015, none of the coefficients for j > 2 are sta-
tistically different from zero, and six of the nine are negative. As discussed
in Section I.A, this combination of results could be predicted (but apparently
were not) by the discrepancy between the results of Hall (1988) and those of
Hansen and Singleton (1983) and Summers (1982).

These results for output growth cast doubt on a common interpretation of
a near-zero EIS estimated with aggregate consumption data. As mentioned
in Section I, Campbell and Mankiw (1989) view Hall’s estimate of a low EIS
with aggregate consumption data as an artifact of limited participation in debt
markets. Limited participation drives a wedge between agents who hold bonds
and agents who collectively account for much of aggregate consumption. Re-
search beginning with Mankiw and Zeldes (1991) draws the same conclusion in
different asset-pricing contexts. One indication that Hall’s regressions do not

6 The Internet Appendix explains why the time-averaging effect in these regressions is stronger
one quarter ahead than one quarter behind.
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Table IIT
Projections of Greenbook Forecast Revisions of Qutput Growth on
Changes in Yields

Revisions in Greenbook forecasts of j-quarter-ahead real output growth are regressed on contem-
poraneous changes in bond yields. These are all bivariate regressions. Variables are expressed in
annualized percentage points. The table reports parameter estimates. Asymptotic White standard
errors are in parentheses. Regressions for j = 4 are missing 17 observations from 1975 through
1996. Regressions with the one-year ex ante real yield as the explanatory variable are missing
four observations for j < 4 from 1975 through 1996. Asterisks denote statistical significance at
two-sided p-values of 10%, 5%, and 1%.

Explanatory Horizon (Quarters Ahead)

Variable -1 0 1 2 3 4

Panel A: 1975 through 2015, 348 Observations

1-Yr Real Yield 0.213™  0.662™"  0.203""  —0.052 —0.102" —0.125"
(0.094)  (0.106) (0.092) (0.070) (0.053) (0.041)

1-Yr Nominal Yield 0.170"  0.739™"  0.247"" —0.114" —0.160""  —0.160""
(0.077)  (0.118) (0.090) (0.069) (0.053) (0.041)

10-Yr Nominal Yield  0.161 0.926™  0.223 —0.200""  —0.211"" —0.186™"

(0.111) (0.170) (0.152) (0.074) (0.063) (0.060)

Panel B: 1975 through 1996, 196 Observations

1-Yr Real Yield 0.228" 0.625™" 0.147 —0.057 —0.107" —0.132"
(0.099)  (0.113) (0.095) (0.072) (0.055) (0.043)

1-Yr Nominal Yield 0.163™ 0.682"" 0.153"  —0.163" —0.187""  —0.175""
(0.082)  (0.123) (0.085) (0.069) (0.052) (0.044)

10-Yr Nominal Yield 0.107 1.006™ 0.167 —0.283""  —0.262""  —0.243""
(0.132)  (0.207) (0.175) (0.082) (0.075) (0.076)

Panel C: 1997 through 2015, 152 Observations

1-Yr Real Yield 0.086 1.057" 0.844™" —0.012 —0.066 —0.066
(0.285)  (0.328) (0.286) (0.260) (0.218) (0.147)

1-Yr Nominal Yield 0.257 1.333™" 1.244™ 0.396 0.122 —0.011
(0.237)  (0.335) (0.302) (0.242) (0.186) (0.120)

10-Yr Nominal Yield 0.328* 0.690* 0.377 0.025 —0.077 —0.040
(0.199)  (0.286) (0.292) (0.151) (0.123) (0.107)

correctly identify consumers’ EIS is that household-level evidence supports
higher values. Dynan (2000) and Gross and Souleles (2002) find that house-
holds alter their consumption paths as interest rates change. Vissing-
Jgrgensen (2002) examines the consumption of households that hold bonds
and estimates an EIS somewhat below one.

A key feature of limited participation interpretations of Hall’s evidence is
that the average consumer is not the average investor. The first-order condi-
tion (1) is irrelevant to households at a corner solution. Guvenen (2006, 2009)
makes a qualitatively similar argument on different grounds. He starts from
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the observation that dynamic production-based macroeconomic models require
that the marginal investor in firms has an EIS close to one. He reconciles this
requirement with Hall-type results by assuming that most investors are poor,
hold only bonds, and have a near-zero EIS. Relatively few wealthy investors
participate in the stock market, and thus own the capital stock. These in-
vestors have a high EIS.

These arguments suggest that changes in yields should be more closely
linked to news about future aggregate output than to news about future ag-
gregate consumption. Wealthy investors participate in stock and bond mar-
kets; they are at their first-order conditions. News about expected future ag-
gregate output is news about their expected future consumption. Therefore,
news of higher aggregate output growth should be accompanied by news of
higher yields.

Table III provides zero support for this limited participation argument. More
broadly, these results raise considerably the bar that a limited-participation
model must clear. Some agents hold both stocks and bonds. These agents share
in anticipated macroeconomic growth, yet do not appear to demand higher
yields at times of higher anticipated output growth. Nonetheless, they do de-
mand higher yields when current output is unexpectedly high.

D. Projections on Growth News

Equations (8) and (9) connect news about current and expected future eco-
nomic growth to contemporaneous changes in yields and to contemporaneous
stock returns. I implement these regressions using two Greenbook forecast
revisions to capture news about current and future economic growth. The ob-
vious choice for news about current growth is the nowcast revision. My proxy
for news about future economic growth is the three-quarter-ahead forecast re-
vision, which has 17 more valid observations than does the four-quarter-ahead
forecast revision. The one-year nominal bond yield regression is

niy; =bo+b1 |V + by P +eqy. (13)

I also estimate a version of (13) with the excess aggregate stock return on the
left side.

Regression evidence for the full sample of 1975 through 2015 is in Panel A
of Table IV. Subsample results are in Panels B and C. The least surprising re-
sult is nonetheless important. Good news about aggregate output is generally
good news for the stock market. The relation is particularly strong for news
about future output growth. The full-sample point estimate implies that a 1%
innovation in three-quarter-ahead expected output corresponds to an increase
in the stock market of 4%. The magnitude of the positive relation varies across
two subsamples, 1975 through 1996 and 1997 through 2015, but the statistical
strength of the relation is consistently strong. The relation between nowcast
news and the stock market is weaker, both economically and statistically.
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Table IV
Projections of Stock Returns and Changes in Yields on Forecast
Revisions of Output Growth

Excess aggregate stock returns and changes in bond yields between FOMC forecast dates are
regressed on contemporaneous revisions in Greenbook forecasts of current quarterly real output
growth (the nowcast) and three-quarter-ahead real output growth. Stock returns are expressed as
a percent. All variables are expressed in annualized percentage points. The table reports param-
eter estimates. Asymptotic White standard errors are in parentheses. Asterisks denote statistical
significance at two-sided p-values of 10%, 5%, and 1%.

Dependent Three
Variable Nowecast Quarters Ahead R?

Panel A: 1975 through 2015, 348 Observations

sk

Excess Stock Return 0.705™ 4.400° 0.15
(0.299) (0.820)
1-Yr Real Yield 0.209™" —0.081 0.15
(0.051) (0.080)
1-Yr Nominal Yield 0.224™ —0.169™ 0.19
(0.052) (0.069)
10-Yr Nominal Yield 0.127" —0.105™ 0.14
(0.027) (0.042)
Panel B: 1975 through 1996, 196 Observations
Excess Stock Return 0.173 2.554"" 0.06
(0.281) (0.774)
1-Yr Real Yield 0.242"" —0.040 0.16
(0.071) 0.117)
1-Yr Nominal Yield 0.232"" —0.230™ 0.20
(0.070) (0.100)
10-Yr Nominal Yield 0.127" —0.111" 0.16
(0.034) (0.053)
Panel C: 1997 through 2015, 152 Observations
Excess Stock Return 1.286™ 6.850"" 0.34
(0.614) (1.434)
1-Yr Real Yield 0.124™" —0.076 0.14
(0.026) (0.080)
1-Yr Nominal Yield 0.155" —-0.017 0.20
(0.033) (0.066)
10-Yr Nominal Yield 0.121%" —0.092 0.09
(0.037) (0.068)

This evidence shows that the information leading the Fed to update its
forecasts of expected future output growth is used by investors to price as-
sets. However, bond yields load positively and strongly on the nowcast news,
and only on the nowcast news. Asymptotic ¢-statistics reject at the 1% level
the hypothesis that coefficients on nowcast revisions equal zero. The point
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estimates imply that a 1% nowcast innovation, which is slightly less than the
full-sample standard deviation of nowcast revisions, corresponds to increases
in annualized bond yields by between 13 and 23 basis points. By contrast, bond
yield loadings on news of future output growth are negative with mixed statis-
tical significance.

These conclusions are robust across time and across different sources of
forecast data. The table shows that they hold for both of the subsamples
1975 through 1996 and 1997 through 2015. The Internet Appendix documents
that the same results hold when using revisions in four-quarter-ahead out-
put growth instead of revisions of three-quarter-ahead output growth. This
Appendix also shows that the results hold when using forecast revisions of
consensus output growth from the SPF over the sample 1969 through 2019.
Finally, this Appendix shows that the results hold when using Greenbook
forecast revisions of real personal consumption expenditures instead of real
output.

The final set of robustness checks address whether news about expected in-
flation can account for these results. I present these checks before discussing
what we learn from the results of Table IV.

E. Inflation

Nominal yields rise with innovations in the nowcast. Nominal yields decline
modestly with innovations in the three-quarter-ahead forecast. How much of
this variation is plausibly attributed to news about expected inflation?

One way to answer this question is to regress innovations in expected in-
flation on output forecast innovations. I construct innovations in Greenbook
forecasts of expected inflation (GDP deflator) in the same way that I construct
innovations of forecasts of output growth with (11). These innovations are ex-
pressed in percent per year, like the bond yields. The regressions are

)]

.l

0 3
=boj+ b1 ,( by l( ety

where the subscript on the left side refers to inflation. I estimate this equa-
tion for forecast horizons from j =1 to j = 5 quarters ahead. The results are
in Table V.

The table contains two main messages. First, nowcast innovations are asso-
ciated with only small innovations in expected inflation—much smaller than
the variations in nominal yields documented in Table IV. From one to five quar-
ters ahead, a 100 basis point nowcast innovation raises expected inflation by
an average of only 2.5 basis points (full sample), less than a basis point (early
sample), or 2.9 basis points (late sample). These tiny numbers are why, in Ta-
ble IV, the estimated nowcast coefficients for the ex ante one-year real yield
are almost identical to those for the one-year nominal yield.

Second, innovations in three-quarter-ahead output forecasts are modestly
related to innovations in expected inflation, with an unstable sign over time.
In the early sample, a 100 basis point three-quarter-ahead output innovation
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Table V
Projections of Forecast Revisions of Inflation on Forecast Revisions
of Output Growth

Revisions in Greenbook forecasts of quarter-to-quarter inflation in the GDP price deflator are
regressed on contemporaneous revisions in Greenbook forecasts of current quarterly real output
growth (the nowcast) and three-quarter-ahead real output growth. All variables are expressed in
annualized percentage points. The table reports parameter estimates. Asymptotic White standard
errors are in parentheses. Asterisks denote statistical significance at two-sided p-values of 10%,
5%, and 1%.

Inflation Three
Horizon (Quarters) Obs Nowecast Quarters Ahead R?

Panel A: 1975 through 2015

1 348 0.015 —0.035 0.00
(0.027) (0.067)

2 348 0.018 —0.095"" 0.03
(0.022) (0.045)

3 348 0.018 —0.095™" 0.05
(0.016) (0.067)

4 331 0.039"" —0.010 0.05
(0.013) (0.028)

5 283 0.036"" 0.001 0.04
(0.014) (0.031)

Panel B: 1975 through 1996

1 196 —0.005 —0.142" 0.03
(0.033) (0.077)

2 196 —0.013 —0.212™ 0.08
(0.028) (0.067)

3 196 0.004 —0.187" 0.12
(0.019) (0.048)

4 179 0.030" —0.055 0.05
(0.018) (0.036)

5 133 0.019 —0.043 0.03
(0.018) (0.042)

Panel C: 1997 through 2015

1 152 0.012 0.138 0.03
(0.040) (0.108)

2 152 0.043" 0.060 0.05
(0.022) (0.041)

3 152 0.001 0.062 0.02
(0.018) (0.039)

4 152 0.037™ 0.053 0.11
(0.018) (0.035)

5 150 0.053"" 0.034 0.11
(0.017) (0.037)
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lowers expected inflation over quarters one through five by an average of about
13 basis points. In the late sample, the same innovation raises expected infla-
tion by an average of around 7 basis points. Results for the full sample are an
average of these subsample results.

The results of Tables IV and V combine to tell a simple story. Real yields
are insensitive to both nowcast innovations and three-quarter-ahead forecast
innovations. For the early sample (and, to a lesser extent, the full sample),
the three-quarter-ahead forecast innovation is negatively associated with ex-
pected inflation. This inflation news creates a modest negative relation be-
tween three-quarter-ahead forecast innovations and nominal yields, as seen in
Panels A and B of Table IV. In the late sample, there is not enough inflation
news associated with output news to drive a wedge between the behavior of
real yields and nominal yields.

The empirical approach of Table V is limited in two ways. First, the max-
imum forecast horizon for expected inflation innovations is short, only five
quarters. Second, news about the inflation risk premium could drive a wedge
between real and nominal bond yields even in the absence of news about ex-
pected inflation. The most direct way to determine whether the results for
nominal yields are informative about real yields is to repeat the analysis in
Tables III and IV for real yields.

Unfortunately, Treasury Inflation-Protected Securities (TIPS) yields are
available only from 1999. The Internet Appendix contains the results of es-
timating versions of (12) and (13) for a 10-year zero-coupon TIPS yield. The
sample is 1999 through 2015, excluding two Greenbook forecasts in the fourth
quarter of 2008. As discussed in the Internet Appendix, the failure of Lehman
Brothers in September 2008 created substantial distortions in the TIPS mar-
ket that persisted through 2008. The results are in line with the results for
the 10-year nominal yield: only the nowcast innovation matters, not the three-
quarter-ahead forecast innovation.

F. Discussion

In sum, changes in yields are disconnected from variations in expected fu-
ture economic growth, yet closely connected with variations in contemporane-
ous growth. Qualitatively, these results run counter to the first-order effects of
consumption smoothing by a representative agent. Yields should rise in antic-
ipation of good times ahead. Holding constant news of the future, news about
current growth should either leave yields unaffected, as with Epstein-Zin pref-
erences, or lower yields, because the representative agent knows she will be-
come accustomed to her improved circumstances.

Mechanically, it is easy to construct a representative agent endowment econ-
omy model with correlation effects to explain these results. At each date, two
types of news arrive. One is news about current economic growth and the
other is news about expected future economic growth. The former type of news
negatively comoves with either the conditional volatility of the SDF or with
shocks to patience. The latter type of news is orthogonal to both the conditional
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volatility of the SDF and shocks to patience. Finally, the representative agent
has an extremely high EIS. With this model, good news about current output
corresponds to higher bond yields either through a reduction in the precaution-
ary savings motive or through less patience. Good news about expected future
output has a minimal effect on yields because the representative agent has an
extremely high EIS.

Although mechanically successful, this description requires two highly im-
plausible features. The first implausible feature is that correlation effects must
be restricted to news about contemporaneous growth. Consider the correlation
effect that works through precautionary savings. In this toy model, good news
about today’s growth lowers the conditional volatility of the one-quarter-ahead
SDF. However, good news about expected growth in, say, two quarters must
not lower the conditional volatility of the two-quarter-ahead or three-quarter-
ahead SDF. If this good news about the future lowered these more distant con-
ditional volatilities, then this news would correspond to higher one-year bond
yields. In the data, no such positive relation exists.

Similarly, the correlation effect that works through shocks to patience must
apply only to news about contemporaneous growth. A negative shock to pa-
tience (higher demand) corresponds to higher current economic activity, but
this higher activity must be either a martingale shock or a mean-reverting
shock. By contrast, slow adjustment to demand shocks is inherent in New Key-
nesian models because goods prices and/or wages do not respond instantly to
innovations. As mentioned in Section I.C, positive demand shocks in the model
of Smets and Wouters (2003) raise interest rates, current output and consump-
tion, and expected output and consumption for the next few quarters.

The second implausible feature is that monetary policy is both nonexistent
and extraordinarily powerful. Any variation in real yields owing to the inter-
vention of the central bank corresponds to very large swings in expected eco-
nomic growth. Because of her high EIS, the representative agent is happy to
drain her savings to increase consumption whenever the central bank eases, or
sharply reduce consumption when the central bank tightens. Since we do not
observe such covariation between yields and expected economic growth, the
central bank must not engage in a noticeable amount of easing or tightening.
Naturally, the macroeconomic literature does not agree with this view of the
central bank. Models designed to explain the effects of monetary policy such as
Christiano, Eichenbaum, and Evans (2005), Smets and Wouters (2003, 2007),
and Guvenen (2006, 2009) all use values of the EIS around one.

II1. A Model of Output Dynamics and Asset Responses

Regression (13) projects changes in a yield on the nowcast revision and the
three-quarter-ahead forecast revision. Qualitatively, we can think of the re-
gression as decomposing output growth news into martingale changes in out-
put and pure news about expected future output growth. The proxy for mar-
tingale changes is nowcast news, holding constant news about expected future
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growth. The proxy for pure news about future growth is the three-quarter-
ahead revision, holding constant the nowcast.

This section describes and estimates a reduced-form model of output dy-
namics and asset responses that makes this interpretation exact. Martingale
and growth rate innovations affect instantaneous output. Sensitivities of bond
yields and the aggregate excess stock return to these innovations are free pa-
rameters rather than pinned down by an asset-pricing model.

A. Continuous-Time Output Dynamics

Time is continuous and measured in quarter-years. Quarters begin and end
at integers. Denote by y; the instantaneous flow of log output. Its dynamics are

dyt = xtdt + O'ydBlt, (14)
dxt = — pxtdt + O—deZt’ (15)
Oxy ECOI‘(dBlt, dBZt), (16)

0,>0,0,>0, p>0, -1 <0, <L

I refer to the Brownian increment in (14) as “martingale” or “immediate out-
put” news and the Brownian increment in (15) as “growth rate” news. The cor-
relation parameter (16) allows immediate output news to be either positively
or negatively correlated with growth rate news. The unconditional drift of log
output is irrelevant to the empirical work that follows, thus it is set to zero.

Expected future log output at fixed date t conditioned on current output and
the current growth rate is

X,
E(yl"ytsxt)zf(f,yt,xt):yt_i_;t 1_e—(t—t),o ,

with martingale dynamics

dfs(v) = o,dBy; + % 1—e "% dB,,. 17)

Equation (17) describes how both immediate output news and growth rate
news affect expected future log output. Innovations of expected future log out-
put for different forecasting horizons r are imperfectly correlated. Inspection
of (17) reveals that both Brownians have permanent effects on log output (the
limit as t approaches infinity). However, the model can be reframed as one
where log output is the sum of a martingale component and a component with
a stochastic mean. Depending on the parameters, the latter component can be
either stationary in first differences or stationary in levels.

85US017 SUOWILLOD dA1ER.D) 3|dedl|dde aup Aq pauenoh ae Saple YO 38N JO S3INJ 0 Akeud173U1UO AB]IA UO (SUOIPUCI-PUE-SWLBH WD A8 | ImAzelq U1 |uO//SdNL) SUORIPUOD PUe SWS L aY1 335 *[£202/€0/ET] Uo Ariqiauliuo AS(1M ‘BTZET  OITTTT'OT/10p/L0d AS| 1M AReuq1joulUO//SAY WO.4 papeoiumoq ‘0 ‘T9Z90VST



24 The Journal of Finance®

The reframed model combines the dynamics of the conditional drift (15) with

Yt =Y1+ T Y2+

The dynamics of log output’s two components are

dy1: = 0y1dB., (18)
dyzs = x;dt 4 0y2d By, (19)
-1/2
dB,= 1- Oxy dBy; — nydBZt s (20)
oy1 =0y 1 — o0y 1/2, Oy2 = OyOyy.

The Brownian in (20) that drives the martingale component of output (18) is
orthogonal to the Brownian that drives the component (19) with a stochas-
tic mean.

Define the conditional expectation of the second component at time z by

g(f,th,xt) = E@21|y2t7 xt)~

Then the permanent effect of a Brownian increment to this second component
is

lim dg,(z) = ay2+% dBy,.

If the term in parentheses on the right is zero, then innovations to y2; are com-
pletely transitory. In this case, the stochastic mean component is stationary in
levels. Otherwise it is stationary in first differences. Research from Campbell
(1986) through Chernov, Lochstoer, and Song (2021) argues that the sign of the
sensitivity of bond yields to macroeconomic innovations depends on whether
the innovations are transitory or permanent. This model allows for either pos-
sibility, but does not impose an a priori restriction on the sensitivity of bond
yields to either Brownian.

B. Information Arrival, the Stock Market, and Bonds

The Greenbook dated October 26, 2005 predicted annualized output growth
of 3.15% for 2005:Q3, the most recently ended quarter. Six weeks later, the
Greenbook dated December 7 predicted annualized growth of 4.2% for the
same past quarter. This example illustrates a common feature of Greenbook
forecasts. Two Greenbooks prepared at different dates in the same quarter
disagree about output growth in the previous quarter. Forecasts for quarters
that have already ended can change over time only because forecasters do not
observe the current state of the economy. I model this property by assuming
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that when forming forecasts of output growth, forecasters observe realizations
of the macroeconomic Brownian increments with a lag L > 0. In line with the
reduced-form nature of the model, there is no explicit mechanism that ties
down the lag length.

Earlier evidence supports the view that the macroeconomic state is observed
by agents with a lag. A high-frequency literature beginning with Schwert
(1981) documents that prices respond to macroeconomic news about the past.
Fleming and Remolona (1997) and Balduzzi, Elton, and Green (2001) list a
variety of announcements that move Treasury bond prices, including nonfarm
payrolls and durable goods orders. Such announcements also move aggregate
stock prices, with sensitivities that depend on economic conditions. McQueen
and Roley (1993) and Boyd, Hu, and Jagannathan (2005) show that stock prices
respond to industrial production and unemployment announcements.

I do not attempt to couple these output dynamics with a pricing kernel. In-
stead, I ask in a purely reduced-form setting how sensitive stock prices and
bond yields are to output news. Aggregate stock returns and bond yields co-
vary with the same Brownian increments that drive output. The stock market
and bond yields also have sources of variation independent of the Brownian
processes that drive output.

For notational convenience, stack the immediate output and growth rate
news Brownians into a vector of macroeconomic Brownians,

dBp: = dBy; dBy .

The instantaneous dynamics of the log of the value of aggregate stock market,
the one-year ex ante real yield, the one-year nominal yield, and the 10-year
nominal yield are

St
Tiyrt
= Qa dBm,t—L + Ea dBnm,t- (21)
Niyre —— ——
4x2 4x4
n1oyrt

The subscripts “a” on the right side refer to assets. The time subscript on the
macroeconomic Brownian vector indicates that stocks and bonds are sensitive
to these increments with a lag L, consistent with the lag in forecasters’ ob-
servation of these same innovations. Nonmacro variation is created by By s,
a length-four vector of Brownians. The subscript denotes nonmacroeconomic
news. The vector is nothing more than a residual picking up all variation in
the stock market and yields that is orthogonal to output innovations. To em-
phasize, the left and right sides of (21) are both observed at time #. Without
loss of generality, ¥, is the lower triangular Cholesky decomposition of the
instantaneous covariance matrix of the nonmacro innovations in stock returns
and bond yields.
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Equation (21) ignores conditional means. The empirical analysis applies (21)
to stock returns and changes in bond yields between two forecast dates. In
practice, the contributions of conditional means to total variation between two
forecast dates are small.

C. Forecast and Asset Innovations

The cumulated instantaneous log output from long-distant date zero to any
date ¢ is

t
Y, = dysds.
0

Recall that quarters begin and end at integers. Log output during the quarter
beginning at integer r — 1 and ending at integer t is

Y=Y, -Y, .. (22)

Quarters are indexed with the ending integer of the quarter, as the notation
on the left of (22) implies. In taking this model to the data, I ignore the dif-
ference between the log of cumulative output in a quarter (i.e., the log of the
sum of instantaneous output) and (22), which is the sum of the logs of instan-
taneous output.

Agents at arbitrary times ¢ forecast first-differenced log quarterly output at
various horizons. Keeping track of these forecasts is inherently cumbersome
in the model because of the multiple dates that define the forecast. Denote the
log-difference in quarterly output at integer horizon j from the perspective of
time ¢ as (using the floor function)

Q _v@ i
Yo = Ytéj_Yt+j*b’ t=Ltl; (23)
A I o

To illustrate (23), fix the current time ¢ as the date of Greenbook forecast ¢;.
Imagine this time is 3.2, which is during the calendar quarter indexed by 4.
The calendar quarter begins at 3.0 and ends at 4.0. For j = 1, (23) is log output
during the quarter ending at ¢t = 5 less log output during the quarter ending
att =4.

Consider forecasts of (23) at dates #,_; and #;. Think of these as dates of
successive Greenbook forecasts. Denote the forecast innovation by

)= E,~E,, Y!

The notation on the left does not explicitly reference either the date of the
previous forecast ¢;_1, nor the forecast horizon at that date. The one-quarter-
ahead forecast at ¢; corresponds to the one-quarter-ahead (two-quarter-ahead)
forecast at ¢;_; if the forecast dates are in the same calendar quarter (succes-
sive calendar quarters).

85US017 SUOWILLOD dA1ER.D) 3|dedl|dde aup Aq pauenoh ae Saple YO 38N JO S3INJ 0 Akeud173U1UO AB]IA UO (SUOIPUCI-PUE-SWLBH WD A8 | ImAzelq U1 |uO//SdNL) SUORIPUOD PUe SWS L aY1 335 *[£202/€0/ET] Uo Ariqiauliuo AS(1M ‘BTZET  OITTTT'OT/10p/L0d AS| 1M AReuq1joulUO//SAY WO.4 papeoiumoq ‘0 ‘T9Z90VST



Macroeconomic News in Asset Pricing and Reality 27

Define the innovations in excess aggregate stock returns and bond yields
between these two forecast dates as

t(ixr) = St; — St;_1»€ t(irl) =Tiynt; —T1t.45€ t(,nk) = Neyyrt; — Mkyyrtiq1» k=1,10.
Assume that at date #; we have forecast innovations for log output at hori-
zZons jn,i, through j,.... In practice, these horizons are the first lagged quarter

through four quarters ahead. Stack output forecast innovations and asset in-
novations in the vector

= (jmin) (jmax) (ar) (r1) (nl)
;= X ; . . t

t(plO) . (25)

t; et t; ti ti i i

The model described in Sections III.A and III.B implies that this innovation
vector is multivariate normally distributed with an analytic covariance matrix

C(i, jmin, Jmax; parameters) = E, , 4 , . (26)

As with (24), (26) does not explicitly reference the date of the previous forecast
nor the forecast horizons at that date. The only relevant conditioning informa-
tion for the conditional covariance are the dates of the two Greenbook meet-
ings. The conditional covariance is larger when the dates are further apart. The
conditional covariance is also affected by whether forecasters learn a quarter-
end value during the time between the two dates. The Appendix contains ad-
ditional details.

D. Estimation Mechanics

The data are described in Sections II.A and II.B. The Greenbook forecast i is
at time ¢;, given by mapping dates to a timeline measured in quarters. Stack
the observed data for Greenbook i in the vector

A i) ~imas)
A i PP i

Xri_1; —Xr Iy, Dy Ny - (27
The observed vector (27) is the empirical equivalent of the model’s innovation
vector (25), with two caveats. First, observed output forecast innovations are
assumed to be contaminated by i.i.d. normally distributed measurement error

) 0 _ 2
7 var o =o;.

Do Dy

Measurement error is a catch-all picking up missing components in the model,

such as occasional news about more-distant output growth that is not captured

by this parsimonious model of aggregate output. Measurement error variances
depend on the forecast horizon.

Second, the model’s covariances are scaled to match those of the data. Re-

call from (11) that the observed innovations of expected output growth are
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expressed at annualized rates. The model measures time in quarters. The rel-
evant elements of the model’s covariance matrices are scaled to match the use
of annualized rates.

Stack the model parameters in a vector v,

Y= 0, or Oy p L o, vecQ, vech(X,) ,

where o, is the vector of standard deviations of measurement error in ob-
served innovations of expected output growth. The matrix Q, contains the sen-
sitivities of the aggregate stock return and bond yields to the Brownians. The
lower triangular matrix ¥, contains the parameters that determine covari-
ances among stock returns and bond yields owing to innovations orthogonal to
innovations in forecasted output.

As mentioned before, the model’s dynamics imply that discrete-horizon fore-
cast errors and asset innovations are jointly normally distributed. Since the
distribution of the forecast errors is known (conditional on parameters), max-
imum likelihood estimation is asymptotically efficient. Statistical inference is
performed using the outer product estimate of the information matrix. The
Appendix contains a few additional estimation details.

IV. Estimation Results and Interpretations

How do stock returns and bond yields covary with immediate output news?
How do they covary with news about the growth rate of output? Answers to
these questions plausibly depend on the nature of output dynamics. Recall
that Section II.A documents sharp differences between dynamics in the 1975
through 1996 period and dynamics in the 1997 through 2015 period. This ev-
idence motivates estimating the model separately for the two samples. The
Internet Appendix contains full-sample estimates. Full-sample estimates are
close to the estimates for the early sample because volatilities of forecast in-
novations are substantially larger in the early sample. Maximum likelihood
emphasizes fitting these early data rather than the lower-volatility data in the
late sample.

A. Estimates of Macroeconomic Dynamics

Tables VI and VII report parameter estimates for the early and late sample
periods, respectively. Volatility parameters oy, oy, and o, are all expressed in
percentage terms with time measured in quarters. In other words, reported
values in the tables are 100 times their natural-unit values.

According to the point estimates, early-period output dynamics differ in
three economically significant ways from late-period dynamics. First, news
about immediate output is twice as volatile in the early period than in the
late period, as measured by the diffusion component of (14). Second, growth
rate news is three times as volatile in the early period, as measured by its
permanent effect on log output (the limit as the horizon approaches infinity in
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Table VI
Model Parameter Estimates, 1975 through 1996
The model and estimation method are described in Section III. Asymptotic standard errors are in

parentheses. In Panel B, asterisks represent asymptotic two-sided p-values versus zero of 10%,
5%, and 1%.

Panel A: Output Growth Dynamics

Std Dev of Measurement Error (Horizon)

oy [ Oxy P L -1 0 1 2 3 4

0.63 0.17 —0.61 0.05 0.27 0.23 0.16 0.19 0.11 0.07 0.07
(0.06)  (0.03) (0.07)  (0.05) (0.04) (0.01) (0.03) (0.01) (0.01) (0.01) (0.01)

Panel B: Loadings of Stock Returns and Bond Yields on Macro Innovations

Stock 1-Year 1-Year 10-Year
Innovation Return Real Yield Nominal Yield Nominal Yield
Immediate 1.02 0.58" 0.54"" 0.25"
Output (1.15) (0.18) (0.16) (0.08)
Growth 2.54™ 0.13 —0.06 —0.05
Rate (1.15) (0.19) (0.19) (0.10)

Panel C: Cholesky Factorization of Non-Output Components of Stock Returns and Bond Yields

Stock 1-Year 1-Year 10-Year
Return Real Yield Nominal Yield Nominal Yield
Stock Return 7.66
(0.37)
1-Year —0.28 1.07
Real Yield (0.11) (0.06)
1-Year -0.31 0.94 0.36
Nominal Yield (0.12) (0.05) (0.01)
10-Year -0.23 0.36 0.15 0.44
Nominal Yield (0.05) (0.04) (0.04) (0.03)

(17)). Third, these two types of news are strongly negatively correlated in the
early period (—0.6) and minimally correlated in the late period (—0.05). It is
worth noting in advance that Section IV.D documents another difference be-
tween the early and late periods. In the early (late) period, growth rate news
is negatively (positively) correlated with innovations in expected future infla-
tion. This is not surprising, given the evidence on expected inflation discussed
in Section ILE.

Panels A and B of Figure 1 display model-implied conditional standard devi-
ations of instantaneous log output at ¢ + s conditional on agents’ information
at t. Notwithstanding the relatively high volatilities of immediate output news
and growth rate news in the early period, the early-period standard deviations
are only modestly larger than late-period standard deviations (at least through
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Table VII
Model Parameter Estimates, 1997 through 2015
The model and estimation method are described in Section III. Asymptotic standard errors are in

parentheses. In Panel B, asterisks represent asymptotic two-sided p-values versus zero of 10%,
5%, and 1%.

Panel A: Output Growth Dynamics

Std Dev of Measurement Error (Horizon)

oy Oy Oxy P L -1 0 1 2 3 4
0.30 0.23 —0.05 0.23 0.22 0.15 0.09 0.06 0.06 0.06
(0.03)  (0.04) (0.23) (0.06) - (0.02) (0.01) (0.01) (0.01) (0.01) (0.01)

Panel B: Loadings of Stock Returns and Bond Yields on Macro Innovations

Stock 1-Year 1-Year 10-Year
Innovation Return Real Yield Nominal Yield Nominal Yield
Immediate 1.14 0.22" 0.25"" 0.18"
Output (0.99) (0.05) (0.04) (0.07)
Growth 5.84" 0.01 0.09" 0.00
Rate (0.75) (0.05) (0.05) (0.05)

Panel C: Cholesky Factorization of Non-Output Components of Stock Returns and Bond Yields

Stock 1-Year 1-Year 10-Year
Return Real Yield Nominal Yield Nominal Yield
Stock Return 5.78
(0.39)
1-Year 0.03 0.31
Real Yield (0.04) (0.03)
1-Year 0.05 0.23 0.17
Nominal Yield (0.03) (0.03) (0.02)
10-Year 0.09 0.14 0.07 0.37
Nominal Yield (0.05) (0.05) (0.04) (0.02)

12 quarters ahead). The negative correlation in the early period between these
two types of news largely offsets the higher volatilities. Two-standard-error
confidence bounds are tight, widening more at the long end of the early period
than at the long end of the late period.

Panels C and D of the same figure display model-implied innovations to
expected log output conditioned on a positive unit increment to the Brownian
that drives growth rate news. This unit increment produces an increase in
instantaneous output growth of a little less than 0.2%/quarter in the early
period and a little more than 0.2%/quarter in the late period. For this exercise,
the realization of the Brownian that drives immediate output news is not
fixed at zero, but instead given by its expectation conditioned on the Brownian
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A. Std Deviation of Output,
1975 to 1996

C. Response to Growth Rate
Innovation, 1975 to 1996
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B. Std Deviation of Output,
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Figure 1. Properties of the estimated dynamic model of output. Section III describes the
model, which is estimated separately over the 1975 to 1996 and 1997 to 2015 samples. Panels A
and B plot model-implied standard deviations of s-ahead instantaneous log output. The horizon s
can be negative in the early sample because the estimated early-sample model implies that output
is observed with a lag. Panels C and D plot the expected path of instantaneous log output con-
ditioned on one quarterly standard deviation innovation to the drift of instantaneous log output.
The solid lines are point estimates and the dashed lines are plus/minus two standard errors. (Color
figure can be viewed at wileyonlinelibrary.com)

increment to growth rate news. This expectation equals the instantaneous
correlation between the two increments.

Since immediate output and growth rate news are negatively correlated in
the early period, a positive unit increment to the drift corresponds to an im-
mediate drop in early-sample output of about 0.4%. The drop appears in Panel
C slightly to the left of the zero horizon because of the lag of 3.5 weeks in ob-
served output. Forecasters see the lagged Brownian realization at time zero.
These forecasters anticipate that the temporarily high output growth rate will
eventually dominate the immediate drop in output. According to the point esti-
mates, the long-run effect on expected log output is about 3% in the early period
(beyond the horizon plotted in the figure) and 1% in the late period. Substantial
statistical uncertainty accompanies point estimates of long-run effects.
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Table VIII
Model-Implied Population Covariances of Greenbook Forecast
Revisions of Output Growth

The forecast revision of j-ahead output as of Greenbook i is the forecast in Greenbook i less the
forecast for the same calendar quarter in Greenbook i — 1. The table reports model-implied covari-
ances among these forecasts. Section III describes the model and Section IV estimates the model
over two separate samples. Revisions are expressed in annualized percentage points. Asymptotic
standard errors are in parentheses.

Horizon Horizon (Quarters Ahead)

(Quarters Ahead) -1 0 1 2 3 4

Panel A: 1975 through 1996, 196 Observations

-1 0.95
(0.08)
0 0.16 1.72
(0.04) (0.24)
1 —0.04 0.03 0.79
(0.01) (0.05) (0.09)
2 —0.04 —0.23 0.11 0.36
(0.01) (0.05) (0.02) (0.03)
3 —0.04 —0.22 0.10 0.17 0.24
(0.01) (0.05) (0.02) (0.02) (0.01)
4 —0.04 -0.21 0.10 0.16 0.16 0.24
(0.01) (0.05) (0.02) (0.02) (0.02) (0.02)

Panel B: 1997 through 2015, 152 Observations

-1 0.80
0.11)
0 0.01 0.75
(0.00) (0.08)
1 0.00 0.18 0.49
(0.00) (0.06) (0.06)
2 0.00 0.06 0.21 0.26
(0.00) (0.05) (0.04) (0.03)
3 0.00 0.05 0.17 0.16 0.18
(0.00) (0.04) (0.03) (0.02) (0.02)
4 0.00 0.04 0.13 0.12 0.10 0.14
(0.00) (0.03) (0.02) (0.02) (0.01) (0.02)

Table VIII reports the implications of the model for covariances among
Greenbook forecast revisions. A glance back at Table II helps put Table VIII
in context. Table II lists sample mean outer products of observed forecast in-
novations. The reported standard errors are proportional to the standard de-
viations of period-by-period products of realized innovations. Table VIII con-
tains the mean across Greenbook forecasts of model-implied covariances in
(26). Standard errors measure the uncertainty in these model-implied covari-
ances owing to uncertainty in parameter estimates. Thus, the standard errors
in the two tables measure different uncertainties.
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The two estimated models reproduce the signs of the sample covariances be-
tween nowcast innovations and innovations in expected future output growth.
In the early period, good nowcast news corresponds to bad news about ex-
pected future output growth because immediate output news and growth rate
news are negatively correlated. In the late period, these two types of news are
close to uncorrelated, allowing a weaker effect to determine the sign of these
covariances. Growth rate news affects both the nowcast (since the quarter is
not yet over) and forecasts of expected future growth. This common exposure
to growth rate news produces small positive covariances between the nowcast
and innovations in expected future output growth.

The model’s parsimonious structure cannot reproduce the rich variety of em-
pirical covariances in Table II. Covariances for the late period are particularly
difficult to match. The first column of Panel B reports that empirical covari-
ances between innovations in forecasts of lagged output growth and innova-
tions in expected future output growth are all positive. Corresponding model-
implied covariances in Panel B of Table VIII are all zero to two decimal places.
The estimated information lag of zero is to blame. A positive information lag
allows forecasters to observe growth rate news, recognize that the growth rate
changed at some time in the past, and update both past output growth and
expected future output growth accordingly.

However, a positive information lag lowers the covariance between innova-
tions in the nowcast and the one-quarter-ahead forecast. The mechanical ef-
fect of time-averaging accounts for a substantial part of this covariance, as
news about current instantaneous output affects both output growth in the
current quarter and expected output growth next quarter. A positive informa-
tion lag weakens the time-averaging component of this covariance. Even with
an information lag of zero, the model cannot match the empirical covariance of
0.31(%)?; the model-implied mean covariance is only 0.18(%)?. The likelihood
is maximized when the information lag is on the boundary of zero, giving up
the ability to fit covariances between innovations in forecasts of lagged output
growth and innovations in expected future output growth.

B. Asset Responses to Macroeconomic Innovations

Panel B of Tables VI and VII reports estimates of the matrix Q, in (21).
The matrix contains sensitivities of excess stock returns and bond yields to
immediate output news and growth rate news. The results are consistent with
the regression evidence of Section II. Moreover, although output dynamics in
the early period differ substantially from the dynamics in the late period, esti-
mates of asset sensitivities tell similar stories.

First consider innovations to the immediate level of instantaneous output.
In the early period, a unit increment to the martingale Brownian permanently
raises log output by 0.6% (from Panel A) and raises annualized one-year yields
about 55 basis points and the 10-year yield about 25 basis points. The stan-
dard errors are tight. In the late period, a unit increment to the martingale
Brownian raises log output by half as much (0.3% in Panel A) and also raises
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annualized yields by about half as much. Differences between sensitivities of
one-year real and nominal yields are tiny, indicating that news about expected
inflation does not explain any of the sensitivity of the one-year nominal yield
to output news. Stock prices also load positively on the martingale Brownian,
but the standard errors are too large to draw any interesting conclusions.”

Next, consider innovations to the drift of log output. Estimated sensitivities
of bond yields to growth rate news are insignificant, both economically and
statistically. This conclusion holds for both sample periods. By contrast, news
of a higher growth rate corresponds to a statistically significant increase in
stock prices. A unit increment to the growth rate Brownian raises stock prices
by 2.5% in the early period and 5.8% in the late period. As Panels C and D of
Figure 1 show, the implications of these innovations for expected future output
differ substantially between the two sample periods.

Differences between sensitivities of one-year real and nominal yields are eco-
nomically small, although not as tiny as differences in sensitivities to immedi-
ate output news. In the early period, the loadings of nominal yields on growth
rate news are slightly negative, and are slightly positive in the late period. Sec-
tion IV.D explains these differences based on news about expected inflation.

C. Missing Pieces

The discussion in Section IV.A pointed out mismatches between empirical
covariances among forecast innovations and corresponding covariances im-
plied by the parsimonious model of macroeconomic dynamics. Table IX uses
model-implied variance decompositions to measure the magnitude of these
mismatches. According to the model, variances of innovations of Greenbook
forecast i are sums of variances due to exposure to macroeconomic Browni-
ans and variances due to “measurement error.” Panel A of Table IX reports
the means, across forecasts, of the fractions of total variance explained by the
macroeconomic Brownians and the fractions explained by measurement error.
The table labels the latter as “Unmodeled News.”

The first line of Panel A shows that innovations in lagged output growth
are either entirely (late period) or almost entirely (early period) explained by
measurement error. For other horizons, the output news explains, on average,
a little more than half of the variation in the early period and about 65% in
the late period. These results tell us the model’s structure is too limited. Per-
haps in reality, immediate output innovations are observed as they occur, but
growth rate innovations are observed with a lag because they do not immedi-
ately affect the level of output. Or perhaps there are multiple types of growth
rate news with different degrees of persistence.

Perhaps the most embarrassing empirical property of this and other macro-
finance models is the limited ability to explain aggregate stock returns and
changes in bond yields. The problem is not with the models per se. More

7The corresponding coefficient for the full-sample results in the Internet Appendix is statisti-
cally significant at the 1% level.
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Table IX
Model-Implied Variance Decompositions

The model and estimation method are described in Section III. News about current and expected
future output growth explains part of the variation in innovations to forecasts of quarterly output
growth, excess stock returns, changes in one-year ex ante real yields, and changes in one-year and
10-year nominal yields. Other, unmodeled news explains the remainder of this variation. Panel A
reports fractions of model-implied total variance explained by the macroeconomic and unmodeled
news. Panel B reports model-implied correlations between excess stock returns and bond yields
implied by the model, as well as model-implied correlations created by the two types of news.

Estimates for 1975 to 1996 Estimates for 1997 to 2015

Macro News Unmodeled News Macro News Unmodeled News

Panel A: Expected Output Growth, by Forecast Horizon

One Q Lag 0.11 0.89 0.00 1.00
Nowcast 0.77 0.23 0.49 0.51
One Q Ahead 0.30 0.70 0.76 0.24
Two Q Ahead 0.49 0.51 0.76 0.24
Three Q Ahead 0.69 0.31 0.70 0.30
Four Q Ahead 0.63 0.37 0.55 0.45

Panel B: Assets

Excess Stock Return 0.07 0.93 0.51 0.49
1-Yr Real Yield 0.18 0.82 0.33 0.67
1-Yr Nom Yield 0.23 0.77 0.45 0.55
10-Yr Nom Yield 0.17 0.83 0.16 0.84

broadly, much of the variation in stock returns and bond yields cannot be
connected to macroeconomic news. Results in Table IV, first discussed in Sec-
tion II, illustrate the low explanatory power of macroeconomic news. Table IV
reports R2?s of regressions of aggregate stock returns and changes in bond
yields on output forecast revisions. For the full sample of 1975 through 2015,
the R?s of regressions on the nowcast innovation and the three-quarter-ahead
forecast innovations are all less than 0.2. The RZs for changes in bond yields
are around 15% across the early and late samples. The R? for aggregate stock
returns is only 6% in the early period, rising to 34% in the late period.

These regressions use only two forecast innovations as explanatory vari-
ables. Estimation of the macroeconomic model extracts information from the
entire term structure of forecast innovations, compressing this information
through the model’s lens. Panel B of Table IX contains model-implied decom-
positions of total variance into components due to exposure to macroeconomic
Brownians and variances due to nonmacroeconomic variation (“Unmodeled
News”). These are the two components on the right side of (21). Relative to
the regressions, the model attributes somewhat more of variation in aggregate
stock returns and changes in bond yields to macroeconomic news. The implied
R?s for stock returns are 7% in the early period and 51% in the late period.

25U SUOLUWLIOD SAIDID) 3[Gedldde au) Aq peuncb s/ oIl WO ‘98N J0S9N 10} AXeIq1 8UIUO AB]IM UO (SUO1IPUOD-PUE-SLLLBI LD AB | W ARG BU[UO//SA1Y) SUONIPUOD PUE SIS | 841395 *[£202/E0/ET] U0 ARIIT 8UIUO ABIM ‘STZET HOTTTT'OT/I0p/W00 A8 ATRJq)1[BUI[UO//ScY WOJ) POpeojumod ‘0 “T9Z90VST



36 The Journal of Finance®

Implied R?s for changes in bond yields are about 20% in the early period and
about 30% in the late period.

The explanatory power of macro news for excess stock returns is puzzling be-
cause it varies so much across the two sample periods. The explanatory power
for changes in yields is disappointing but not surprising. The term structure
literature struggles to find macroeconomic variables that explain, at least sta-
tistically, changes in bond yields. Duffee (2013) provides a handbook discussion
of the (lack of) evidence.

D. Other Properties of Macroeconomic Dynamics

The model in Section III focuses narrowly on output dynamics and sensitiv-
ities of stock prices and bond yields to output innovations. Here I extend the
use of the model to confirm the evidence in Section II about expected inflation.
I also use it to examine the persistence of bond yields.

D.1. Inferring Shocks

In the model, the covariance matrix of innovations to the state vector, com-
bined with the loadings of stock returns and yield changes on innovations to
the vector, determine the joint covariance matrix of observed variables. To
somewhat oversimplify, estimation infers properties of the unobserved macroe-
conomic state vector from the sample covariance matrix of observed variables.

This discussion extends the estimation logic. Consider projecting discrete-
time innovations in the macroeconomic Brownians on the observed forecast
and asset innovations,

Biy, =By, = x1;5i + €1 (28)

Bot, —Bay = X9 i + €215, (29)

Although the left sides are unobserved, analytic expressions for the regression
coefficients are functions of the model’s parameters. The functions depend on
the timing of the forecasts i and i — 1, thus the coefficients are indexed by i.
The functions are derived in the Internet Appendix.

Fitted values of the unobserved changes in the Brownians are readily calcu-
lated, denoted

IMMEDIATE_OUTPUT; = x, ", (30)

GROWTH_RATE; = x,;":. (31
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Table X
Relation between Innovations in Inflation Forecasts and Output
Forecasts

Revisions in Greenbook forecasts of inflation from zero (nowcast) to four quarters ahead are re-
gressed on contemporaneous fitted news about immediate output and news about the growth rate
of output. The news is inferred from a dynamic model of output that is estimated using revisions in
Greenbook forecasts of real output growth, stock returns, and changes in real and nominal yields.
The model is estimated separately over the samples 1975 through 1996 and 1997 through 2015.
Asymptotic standard errors are adjusted for generalized heteroskedasticity. Asterisks represent
asymptotic two-sided p-values versus zero of 10%, 5%, and 1%.

1975 to 1996 1997 to 2015

Horizon of Immediate Growth R? Immediate Growth R?
Inflation Forecast News News [Obs] News News [Obs]
Nowcast (Zero Ahead) —0.280™ —0.377""  0.098 0.069 —0.337""  0.146
(0.121) (0.093) [196] (0.151) 0.077) [152]
One Quarter Ahead —0.086 —0.218" 0.065 0.043 0.134" 0.054
(0.092) (0.093) [196] (0.059) (0.074) [152]
Two Quarters Ahead —0.108 —0.302""  0.158 0.029 0.086™"  0.073
(0.076) (0.082) [196] (0.025) (0.029) [152]
Three Quarters Ahead —0.059 —0.255""  0.205 0.010 0.058" 0.042
(0.050) (0.057) [196] (0.014) (0.029) [152]
Four Quarters Ahead 0.046 —0.074 0.073 0.049"" 0.074™"  0.189
(0.050) (0.047) [179] (0.019) (0.025) [152]

The units of the fitted values are standard deviations per unit of time (a quar-
ter). The standard deviations of the fitted values are around 0.6.%

The remainder of this section uses these fitted time series to answer two
questions. First, what is the relation between revisions in inflation forecasts
and these Brownian changes? Second, are the contemporaneous responses of
yields to the Brownians reversed over the next few months?

D.2. Inflation Expectations

I construct innovations in Greenbook forecasts of expected inflation (GDP
deflator) in the same way that I construct innovations of forecasts of output
growth with (11). I use inflation forecast revisions at horizons ranging from
the nowcast through four quarters ahead.

Table X reports estimates of regressions of inflation forecast revisions on the
fitted innovations (30) and (31). The regressions are, for forecast horizons zero
through four,

V) =bj0 + b IMMEDIATE_OUTPUT; +b;sGROWTH_RATE; +e!".

T,

8 Greenbook forecasts occur every six weeks and quarters have 13 weeks. A perfect fit to re-
gressions (28) and (29) would produced fitted values with standard deviations of 6/13, or about
0.67.
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The coefficients are conceptually comparable to the sensitivities of bond yields
to the Brownians reported in Panel B of Tables VI and VII. Standard errors
are adjusted only for generalized heteroskedasticity, not for the generated re-
gressor problem.

These results align closely with the regression results in Section II. For both
the early and late samples, immediate output news is largely unrelated to in-
novations in inflation expectations. Only one of the 10 estimated coefficients
(two samples, five forecast horizons) is statistically different from zero. In the
early period, the mean coefficient is about negative five basis points and in the
late period the mean is about three basis points. For comparison, sensitivities
of nominal yields to immediate output and growth rate news are around 35
basis points in the early period and 20 basis points in the late period.

Again, as in Section II, Table X shows that growth rate news is related to
innovations in expected inflation with an unstable sign. In the early period,
growth rate news and expected inflation are negatively correlated. A one-unit
positive realization of growth rate news lowers expected inflation over the
next four quarters by about 21 basis points. In the late period, the same
magnitude realization of growth rate news lowers expected inflation over the
next four quarters by about 9 basis points. These values approximately equal
differences in sensitivities of one-year real and nominal yields to growth rate
news.

D.3. Persistence of Yields

Real and nominal yields covary with permanent innovations to output. How
persistent are these changes? Are the changes in yields reversed quickly? I
investigate this question by regressing changes in yields on current and lagged
values of fitted immediate news. I exclude growth rate news because Tables VI
and VII document that this news is only weakly related to bond yields. Using
the notation of (27) for changes in yields, the regressions have the form (here,
for the one-year real rate)

riy,; =br1,0 + b, 1 IMMEDIATE OUTPUT;

6
+b12 IMMEDIATE OUTPUT,_; +e;1;.

=1

If changes in yields associated with contemporaneous immediate news about
output are partially reversed through the next six Greenbook meetings
(about three quarters), the coefficient on the sum of lagged permanent
innovations will be negative. The coefficient will be zero if, on average,
changes are not reversed within three months. Standard errors are ad-
justed only for generalized heteroskedasticity, not for the generated regressor
problem.

Results are in Table XI, and are easy to summarize. There is no evidence
that the yield changes are reversed during the next few months. In the early
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Table XI
Persistence of Macro-Related Changes in Yields

Changes in bond yields from the date of one Greenbook forecast to the next are regressed on
contemporaneous and lagged fitted news about immediate output and news about the growth rate
of output. The news is inferred from a dynamic model of output that is estimated using revisions in
Greenbook forecasts of real output growth, stock returns, and changes in real and nominal yields.
The model is estimated separately over the samples 1975 through 1996 and 1997 through 2015.
Asymptotic standard errors are adjusted for generalized heteroskedasticity. Asterisks represent
asymptotic two-sided p-values versus zero of 10%, 5%, and 1%.

Explanatory 1-Year 1-Year 10-Year
Variables Real Yield Nominal Yield Nominal Yield

Panel A: 1975 through 1996

Contemporaneous 0.650™" 0.705™" 0.375""
Immediate News (0.158) (0.156) (0.071)
Sum of Lags 1-6 of -0.018 -0.016 0.013
Immediate News (0.060) (0.055) (0.023)
R? 0.222 0.264 0.210
Obs 186 190 190

Panel B: 1997 through 2015

Contemporaneous 0.306™" 0.352"" 0.272""
Immediate News (0.050) (0.038) (0.035)
Sum of Lags 1-6 of 0.021" 0.027" —0.031"
Immediate News (0.012) (0.012) (0.016)
R? 0.474 0.598 0.254
Obs 146 146 146

period, the estimated lag coefficient is close to zero (economically and statisti-
cally) for all three bond yields. In the late period, the estimated coefficients are
also economically small—on the order of 1/10 of the coefficients on contempo-
raneous news. From a statistical perspective, on balance the evidence points to
continued changes in the same direction rather than reversals.

V. Conclusion

To better understand connections between economic growth and real yields,
I examine empirically how changes in yields are associated with contempora-
neous innovations in Greenbook forecasts of real output growth. In the data,
changes in yields and news about expected future economic growth are un-
related, while changes in yields are strongly positively related to news about
current economic growth.

Why do forward-looking investors who care about consumption smoothing
not drive yields up when good news about the future arrives? Why do these
same investors require higher yields when current output is unexpectedly
high? It is mechanically possible to build a representative agent model to
match these signs. The agent’s demand for precautionary savings and/or
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their time rate of preference shocks needs to have some specific correlation
properties with output news. However, the gap between possible and plausible
appears large.

An off-the-shelf limited participation framework does not appear to fit these
empirical patterns. Perhaps they are driven by dynamic limited participation,
where agents cycle between an interior and a corner solution to the trade-off
between consumption today and consumption tomorrow. More progress in this
area requires better theory.

Initial submission: January 5, 2021; Accepted: March 4, 2022
Editors: Stefan Nagel, Philip Bond, Amir Seru, and Wei Xiong

Appendix: Additional Model Derivations

This appendix provides the intuition underlying the analytic expression for
the covariance matrix of innovations (26). Additional details are in the Internet
Appendix.

A. Discrete-Time Dynamics

Stack instantaneous log output, cumulative log output, and the instanta-
neous drift in the macroeconomic vector®

Xm.t = YVt Xt th . (A]_)

The state vector’s dynamics are

dX s = KXo 1 dt + Q2ndBp, ¢, (A2)
0 1 0 o, 0
K,=10 —p 0], Q=10 o.]. (A3)
1 0 O 0 O

The subscripts “m” refer to macroeconomic values.

Augmenting these dynamics with asset dynamics requires keeping track of
when information is observed by agents. The macroeconomic vector (Al) is not
observed until ¢ + L. Define an augmented state vector, with every component
observed at ¢t + L, as

X, = Xm,t St+L  Tlyrt+L Niyre+L N10yrt+L -

Using (A2) and (A3), the dynamics of the augmented state vector are

9 Thanks to discussant Scott Joslin for proposing this framework, which considerably simplifies
the math relative to an earlier version of the paper.
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dX; = KXidt + QdB,,; + XdBnm 1L, (A4)
K, 03, Qp, 04
K= L a= . oz= (A5)
04x3  Ogxq Qq >,

Probability distributions of the state vector are multivariate normal. The
discrete-time conditional expectation and covariance are the usual Ornstein-
Uhlenbeck forms, which use matrix exponentials. The formulas are

E X, 11X: = exp(Kh)X;, (A6)

h
cov X 1|1 X: = exp(Ku)QZQ exp(Ku)du + hE3 , (A7)
0

with Z defined as the instantaneous correlation matrix of the Brownian incre-
ments,

Both (A6) and (A7) have standard analytic solutions that depend on the dy-
namic form (A4) and its parameters (A5). See the Internet Appendix for
more details.

B. Forecasts of Output Growth

The change in log output from quarter t + j — 1 to quarter t + j, where 7 is
an integer, is given by first-differencing (22):

Ygrj =Y. ;- 2YT+J‘,1 + Yffjfz. (A8)

Agents at a noninteger date ¢ in quarter t forecast (A8). The time until the
next quarter-end is, using the floor function,

di@)=1+¢]—-t.

For example, at ¢ = 3.2, the quarter ends at ¢ + d(¢) = 4 and the time until
the next quarter-end is d(¢) = 0.8. Using this definition and the identity 7 =
t +d(t), the forecast is

E, Y©

vdos; =Bt Yiraorj — 2B Yeaowj-1 +Er Yean-j2 - (A9)
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The notation in (A9) is technically correct but obscures some complexity. As
of time ¢, one or more of the random variables that appear on the right may be
realized (i.e., known to agents). In this case, the time-t expectation is simply
the realization, observed at some time prior to ¢.

The analytic expression for (A9) consists of four cases. Each case corresponds
to the number of random variables on the right side that are already realized
at time ¢, between zero and three. The number of realized values depends on
horizon j, the information lag length L, and the location in the quarter of ¢.
When none are realized, the expression for (A9) depends only on the state
vector observed as of date #. When one or two are realized, the expression
also depends on the state vector(s) as of the dates the agents observe them.
When all three are realized, the expression depends only on the state vectors
on the three dates that agents observe them. The Internet Appendix contains
the expression.

The analytic expression for forecast innovations (24) is a function of the in-
novation(s) in the state vector from the initial observation date ¢;_; to all future
dates that determine (A9) for the ending observation date ¢;. For example, as-
sume that one of the random variables on the right of (A9) is realized as of ¢;
and none are realized at the earlier date #;_;. Then (24) depends on two over-
lapping innovations in the state vector. One is the innovation from the state
vector observed at ¢;,_1 to the date of the realization and the other is from the
state vector observed at #;_; to the state vector observed at ¢;. The Internet
Appendix contains the general expression.

The formula for the covariance matrix of innovations (26) is also in the In-
ternet Appendix. It consists of repeated applications of (A7), with the forecast
horizons determined by the state-vector innovations in (24).

C. Estimation Details

For simplicity, the main text considers only the case of six forecast innova-
tions at each Greenbook date, from j = —1 through j = 4. However, the maxi-
mum forecast innovation horizon for 17 of the observations is j = 3. For these
observations, the variance of measurement error for four-quarter-ahead fore-
casts is excluded from the parameter vector. Denote by N; the number of out-
put forecast innovations observed at Greenbook i. Denote by Ufm the vector of
measurement error variances for these N; innovations. '

The covariance matrix of the observed vector (27) is

Ctotal (ti, ji,min» ji.max) = E( Ai Ai) = C(ti, J.i,min, ji,max) + Ci,errs

C. _ diag(ai?err) 0Ni><4
’ O4xnv, 044
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Dropping constant terms, the log-likelihood function is

T
. N 1 . . . — . . R
IO ) = =5 10g Ciorar i Jimin: Jimaz) + “Coopog Civ Jimins Jimax) i
i=1
(A10)

Four observations of the one-year ex ante risk-free yield are missing. (The
appropriate measures of expected inflation are unavailable in the Greenbook
forecasts.) These four Greenbook dates are included in the sum of (A10) by
dropping the relevant row and column from the model-implied covariance ma-
trix. Estimation of the information matrix excludes these four dates.
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Additional Supporting Information may be found in the online version of this
article at the publisher’s website:

Appendix S1: Internet Appendix.
Replication Code.
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