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Al. Data

We obtain quarterly consumption data from the National Income and Product Accounts
(NIPA) tables, provided by the Bureau of Economic Analysis. We measure consumption at the
quarterly frequency as the sum of the real personal consumption expenditure on non-durables and
services on a per capita basis. Specifically, we take the quantity index of NIPA Table 2.3.3 and
divide it by the total population obtained from NIPA Table 7.1. Consumption growth is defined as
the first log difference and is computed from 1962 to 2019.

We supplement the NIPA data with other consumption measures that are arguably less
noisy and/or less affected by time aggregation. First, we consider fourth-quarter to fourth-quarter
consumption growth, as analyzed by Jagannathan and Wang|(2007). They conjecture that a
disproportionate fraction of the population is likely to review their consumption decisions in the
fourth quarter, making fourth quarter measurements more reflective of economic conditions.
Second, we use the unfiltered consumption series of Kroencke| (2017). Kroencke argues that the
filtering and smoothing process implemented in the NIPA data adds noise to the consumption
measures that obscures their relationship to asset prices, and he proposes a method to reverse the
effects of these transformations. Third, since the fourth-quarter consumption and unfiltered
consumption series are both at the annual frequency, we also implement the empirical analysis
using NIPA annual consumption. Each of these annual consumption measures is obtained from
Tim Kroencke’s website.

To proxy for expected consumption growth, we use data from the Survey of Professional



Forecasters (SPF), obtained from the Federal Reserve Bank of Philadelphia. The sample for the
survey data begins in the third quarter of 1981. We use the four-quarter-ahead median forecast in
real consumption expenditures.

For economic uncertainty, we use the 12-month macro and real uncertainty measures from
Jurado, Ludvigson, and Ng| (2015)). These are obtained from Sydney Ludvigson’s website and are
available from 1961 to 2019. To reduce the noise that comes from the imprecise timing of these
measurements, we analyze growth expectation and uncertainty estimates at the yearly frequency,
using observations from the last quarter of the year.

Bond yields are obtained from the Federal Reserve Bank of St. Louis’ website. Nominal
one-year and ten-year yields are available from 1962 to 2019, while we analyze real yields over
the period from 2003 to 2019. Real yields are constructed from ten-year Treasury
Inflation-Protected Securities (TIPS). We use them starting in 2003 to avoid well-known
illiquidity problems in the early years of that market (e.g., Dudley et al. (2009)/Giirkaynak et al.
(2010),D’ Amico et al.| (2018)). Excess market returns and total market returns are from Ken
French’s website.

The calibration in Section [B|required us to compute moments of real returns and yields. To
compute averages of real variables, we subtract the average changes in the Consumer Price Index,
obtained from the Bureau of Labor Statistics, over the entire calibration period. To compute the
standard deviation of real bond yields and the stock-bond return correlation, we make several
assumptions. One is that the relative variances of shocks to inflation and nominal yields remains
constant over the entire sample period. Another is that inflation follows a unit-root process. That
is, the change in expected inflation equals the unexpected price change in the previous period.

We first calculate the variance ratio (VR) of inflation, defined as in [Duffee| (2018a)), which
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is the relative ratio of the variance of inflation shocks to the variance of nominal yields. The
variance of real yields is then computed by multiplying the variance of nominal yields by
(1 =V R). In computing the real SB covariance Cov(Ay;, , Ry, ;. 1), we assume that the inflation

expectation equals past realized inflation and compute the covariance by
Cov(Ay;, R, ;) = Cov(Ays1 — Amyr, Ry — ATi1) = Cov(Ayipa, Ringa) — Var(Ama),

where ;1 is the nominal bond yield, y; ; is the real bond yield, R,, ;4 is the nominal stock
return, and Ry, is the real stock return. The variance of real stock returns is

Var(Ry, ;) = Var(Ry,) — Var(Am,), which is very close to the variance of nominal stock
returns.

We also use several measures of wealth. In addition to the value-weighted stock market
index, these are the value of assets from Sydney Ludvigson’s website and used in |Lettau and
Ludvigson|(2001), the All-Transactions Housing Price Index of the U.S. Federal Housing Finance
Agency, and the net worth of households and nonprofit organizations from the Federal Reserve

Bank of St. Louis.

AIl. Technical Appendix

A. The wealth-consumption ratio

Following the Campbell-Shiller decomposition, returns to total wealth portfolio can be

represented by

Rrwat1 = ko + A + Ao(ky — 1) + Ay (k@i — o) + Av(/ﬁfffﬂ - Uf) + Ag(F1Gi1 — @)



The intertemporal marginal rate of substitution (IMRS) is
M1 = 0log B — YAcpr + (0 — 1) [ko + Ag(ky — 1) + Ap(kimi1 — 24)
+ Av(’ﬁ(’?ﬂ - ‘7t2) + Aq("‘ﬁQtJrl - Qt>]-
The unexpected component of the IMRS is represented by
M1 — Be[mig1] = AcOt€erir + A\a0i€r i1 + A0i€p i1 + AsOt€qi11,

where A\ = —7, A\, = (0 — 1)k1 Ay, Ay = (0 — 1)k Ayoy, and A5 = (0 — 1)k A0y,
We solve for Ay, A, A,, and A, using the Euler equation

Ei[mii1 + Rrwei1] + Varmeiy + Rrwesa] = 0. For A,, we collect all terms associated with x;:

1
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Collecting the terms from the Euler equation that are functions of af and ¢, it can be seen that A,

and A, must jointly satisfy the conditions
1
24,(k151 — 1) 4+ 0((Apkip.)” + (Apki0,)? + (Agriog)” + (1 — E)Q) +2(1 — 7)1 ApOpper = 0
Ay = Qo+ Q1A

where Q) = %ﬁ”% <0and Q; = W > 0.

A, can be obtained by solving a quadratic equation after plugging the second equation
into the first. It can also be shown that A, < 0 when v > 1 and ¢ > 1 by evaluating the
characteristics of the quadratic equation. We obtain two values for A,. We choose the value that is
closer to the baseline model. The second value generates unrealistic moments of asset returns.

The negative sign of A, also implies A, < 0.

Finally, Ay satisfies Ay = = |log 8+ ko + (1 — 2)p + k1 (Ayso + Agwo) |-
1 P
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B. The price-dividend ratio

Similar to the wealth-consumption ratio we assume that the the price-dividend ratio is an
affine function, A, o + Ay, 7 + Amyvaf + A, 40+, and we again solve for the coefficients using
the Euler equation E;[my 1 + R 1+1] + 0.5V ar:msy1 + Ry ey1] = 0. Collecting the terms
associated with z,, o7, and ¢;, we can solve for A, o, A 2, Am.v, and A, ,. First, we have

bq — 1
Ap = 2" 0
1 —ri&

As in the wealth-consumption ratio, A,, ., and A,, , must jointly satisfy the conditions

24, 0(Kmas1 — 1) +2(0 — 1) (k151 — 1) Ay + 2(0ea + Ae) (Km1 Am w0 + Ay) Pev

+ (’im,lAm,zSOm + /\:c)z + (/fm,lAm,vO-v + Av>2 + (Rm,lAm,qaq + /\5)2 + (Spcd + )\0)2 + 9031 - 0

Am,q = Cz?m,O + Qm,lAm,zn

where

Qm,O = ;((Qpcd + Ac)(H'lAm,xSOI + >\as) + (9 - 1)(le1 - 1)Aq + )\v('%lAm,:cSO:L‘ + Ax)pcv)

1—Kr1w1

and Q1 = ﬁlﬁ 0p(K1Am 2Pz + Az) pev- Evaluating the characteristics of the quadratic
function, similar to the earlier case, we find that A, , < 0 when v > (.4 > 1, which is consistent
with the general long-run risk specification. Also, one can show that A, 30 < and A,, 30 > 0

under the condition of v > ¢4 and ¢4 > 1, which implies that A,, , < 0.

Finally, A, satisfies

1
Apo=——(0log B+ (0 — 1)Ko + Fmo + (1 —7)p

’ 1-— Rm,1

-+ /ilAUSO(Q — 1) -+ Hm,lAm,USO —+ lilAqu(e — 1) + HmylwoAmﬂ -+ (9 — 1)(/£ — 1)140))



C. Bond yields

Denote the state vector as
X = ACy T o} qt
We can write the conditional mean as

E, Y1) = Ko+ K%,

where
!
Ko=1 p 0 50 wo
and
01 0 0
0 & 0 0
K =
0 0 sy O
0 0 0 w
The conditional covariance matrix is
0-1% ¢:eq pcvo-vO-tQ 0

, G2t Qﬁ: Ut2 OvPevqt 0 9
COVt (Et+1, Zt+1) = - Qlat + Qtha

2 2 2
pchvUt vacht O'vO't 0

0 0 0 crg o?



where

1 0 PcvOvy 0 0 gbx 0
0 ¢§ 0 0 ¢:)3 0 ¢x PcvOvy
Q 1= and QQ =
Py 0 02 0 0 PupPesCo 0
0 0 0 o 0 0 0

In vector notation, we can write the log pricing kernel as
My = mo + M1 — My,
with

m0:910g5+(9—1) (lio—FAo(lil—l)),

Ml:{—v (6 —Dmd, (6 Dm4, <9—1>“1Aq}/’

and

M, = { 0 B-1DA, (0-1A, (0 —1)A, ],,
where A,, A,, and A, are as defined earlier.
The log price of a riskless one-period bond (B ;) is given by
Byt =E; [myi1] + 0.5Var; (my41)
=mg + M| Ko+ (MK — M) %, + 0.5M;Cov, (2t+1, ZQH) M,
=mo + M, Ko + (M]K — M) 3, + 0.5M,Qy Myo7 + 0.5M;Q M, g
=mgy + M{ Ko+ (MK — Mj) ¥, + 0.50'%,

—mo + M| Ky + (MK — M}, + 0.50") %,




where

/

V=10 0 MQM MQM
Therefore, the yield of a one-period bond is equal to
Yy = Yo+ Y2,
where
Yo = —mo — MK,
and
Y =—-M{K + M;— 0.5V,

It can be shown that for

Y=10 v, Vv, Y

p

we have Y, > 0and Y,,Y, <0.

Now suppose that the n-period bond has a log price
Bnt = Do+ D)%,
Then the (n + 1)-period bond has a price that is equal to the conditional expectation of
E; [mi11 + Bpis1] + 0.5Var, (myyq + Bhiy)
where

M1+ Bpiy1 = mo+ Dpo + (M + Dn)IEtJrl - Mézt-



The log price of the bond can be solved as

Byi1 =mo + Do+ (My + D) (Ko + KX,) — M3S, + 0.5(M; 4 D,,)'Cov, (Si11,h,1) (My + D,,)

=mg + Dyo+ (M1 + D) Ko+ (My + D)’ K — M3) 3, + 0.5¥] 3,

where
/
Vn=10 0 (My+D,)Qu(M +D,) (M +D,)Qu(M + D,)
The log of (n + 1)—period bond price is therefore
Bniiy = Dypii1o+ Dy, 1 X,
where
D10 =mo+ Dyo+ (M + D) Ko
and
, 1
Dn+1 - K (Ml + Dn) - MQ + §an
The (n + 1)—period yield is therefore equal to
Ynt1t = Ynt1,0 + Yoi120,
where Y, 110 = —Dptipand Y, = —Dj, .

D. The stock-bond return correlation

The stock-bond return correlation is the negative of the correlation between stock returns

and changes in the bond yield. Unexpected stock market returns are derived using the



Campbell-Shiller decomposition:

Rm,t+1 - Et [Rm,t—‘rl] = Km,lQSxAm,xo-tex,t—&-l + Km,lavAm,vatev,t—i-l + /fm,lo—qu,qEq,t—‘rl + PedTt€e,t+1 + PdOt€d t+1

We can then compute the stock-bond return correlation by taking the negative of the conditional
correlation between market returns and bond yields.
The conditional covariance between a n-period bond yield and stock returns can be

expressed as
Covi(Rim,t+1: Ynitt1) = (YnaSe@e + Yo Su0u + Y0,45,04 + Yo 0Sc00pc0) o?
+ (Yaap2Sy + Y 08004) pev + Yoo Sea) i,
in which the terms Y, . are elements of the 1 x 4 vector Y,,;1:
Vorr =10 Yeie  Yeriw  Yaip |0
and S,, S,, Sy, and S, are defined as:
Sg = Fém,l%Am,x, Sy = lim,lavAm,m Sq = de,qum,q, Se = Ped, Sa = 4.
The conditional variance of the bond yield is
Var; (Yni01) = (VY + Y, QY ) o7
Similarly, the conditional variance of the wealth portfolio/market returns is
Var; (Rini1) = 0oy = (Vo + Vopi) oy,

where V,, = 57 4+ 57 + 52 + 52 + S5 + 25:S,pev and Vy = 25,5, pes + 255,
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E. The market risk premium

The risk premium of the wealth/market portfolio can be expressed as

Covt(_mt—i-la Rj,t+l) = ( - )\C(SC + Svpcv) - )\sz - AvSv - )\5Sq - ScAvpcv)Utz

+ (_)\zSUpcv - )\szpcv - )\cSa: - )‘xSc)qt
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AIIl. Additional figures and Tables

A. Consumption growth persistence and stock-bond correlations

We show the model-implied relationship between consumption growth persistence and
stock-bond correlations for different parameter specifications. describes the results.
Similar to the relationship between CGP correlation and SB correlation is almost
unaffected by the risk-aversion coefficient, inter-temporal elasticity of substitution, and

persistence of the CGP parameter.

B. Consumption growth autocorrelation using overlapping longer horizon

rates

examines consumption growth autocorrelation using overlapping
longer-horizon growth rates. These regressions are identical to equation (6], except that the
dependent variable is the average consumption growth rate from quarter ¢ + 1 to quarter ¢ + k.
Each panel plots the coefficient on the interaction term («) for different horizons (k), as well as
68%, 90%, and 95% confidence intervals, where the panels differ with respect to the SB
correlation series used and the sample period. While we present results only for the ten-year

nominal SB correlation, corresponding results based on 1-year nominal yields are very similar.

[Insert approximately here]

Graph A of reports the results obtained using the full sample period at horizons

of one to ten quarters. The graph shows that predictability is observed even over very long
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horizons, consistent with the premise that the SB correlation is associated with the correlation
between long-run growth and current consumption growth.

Graph B shows the same result, still based on nominal yields, for the shorter sample in
which TIPS data are available, while Graph C shows the corresponding results using real yields.
While the results based on TIPS are somewhat stronger, both graphs indicate more long-term
persistence in consumption growth in low SB correlation environments.

The final panel of examines the role of the stock-inflation correlation at longer
horizons. As in[lable III} a lower stock-inflation correlation decreases the persistence of
consumption growtl*El an effect that becomes statistically significant over longer horizons. This
is again inconsistent with the hypothesis that inflation effects are responsible for the relation
between CGP and the SB correlation. While the interpretation of this result is difficult given that
inflation falls outside the scope of our model, the results reinforce the conclusion that the SB

correlation is related to consumption persistence due to the behavior of real rates.

C. Expected consumption growth and uncertainty

Several recent studies (e.g., Nakamura et al. (2017),Bollerslev, Xu, and Zhou (2015))
document the unconditionally negative relationship between economic uncertainty and future

expected consumption growth. Our model implies that this relationship also varies with CGP.
[Insert approximately here]

We test this hypothesis in[Table Aljusing expected consumption growth from the SPF and

2Note that we take the negative sign of inflation to compute the correlation. If our results are driven by the
correlation between stock returns and the expected inflation component of bond yields, we would expect the opposite

of what we find.
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the macro and real uncertainty measures of Jurado et al.| (2015). Each panel in the table uses a
different measure of uncertainty. Similar to we use fourth-quarter data for this analysis.
We first test whether the relationship between expected consumption growth and
uncertainty is more negative during the period beginning 1999. If CGP increases in this sample,
we expect a stronger negative relationship between expected consumption growth and uncertainty.

We use the contemporaneous regression
(11) Az, = By + LLAUNC; + Balggs s X AUNCy 4 Bslggs + + €,

where 199, is a dummy variable that takes a value of 1 starting in 1999 and 0 before, 7, is the
long-run SPF forecast of consumption growth, and U N C} is a measure of economic uncertainty.
If our hypothesis is true, we expect 3, to be negative.

The first two columns of each panel summarize the results and provide strong support for
our hypothesis. For both uncertainty measures, we find that the relationship between expected
consumption growth and uncertainty is more negative in the later sample.

We also test the hypothesis by replacing the dummy variable with the SB correlation, or
(12) Az = f) + BAUNC; + 6;/35B,t X AUNC; + Bypspy + €,

where pgp ; is one of the SB correlation estimates. If the SB correlation is negatively related to
CGP, we should obtain positive estimates for the 3, parameter.

Overall, the table provides reasonably strong support for our hypothesis. Using the
nominal one-year or ten-year SB correlation in Panels A and B, we find a positive 35 in every
regression, which are statistically significant in most cases. The last two columns of the panels
instead use the real SB correlation. These results are somewhat weaker, which is likely due to the

shorter sample period and collinearity.
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Taken together, these results paint a consistent picture that the negative relationship
between consumption growth and economic uncertainty is stronger when the SB correlation is

negative or when CGP is positive, confirming a key prediction of our model.
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FIGURE Al
Consumption Persistence and Model-Based Correlations (II)

This figure shows the relationships between CGP and the stock-bond return correlation for different
bond maturities and parameter assumptions. The value of the baseline model is shown in solid
horizontal lines. The relationship for the full model is drawn in dashed lines. The panels show the
relationship for different risk-aversion coefficient (A), correlation between consumption growth
and volatility (B), and values of the persistence of the CGP process (C). In Graph C, we also
vary the standard deviation parameter o,, so that the unconditional standard deviation of the CGP
process is identical to its value under the baseline parameterization.
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FIGURE A2

Interactive Beta of Consumption Growth Regressions For Multiple Lags

This figure plots the slope coefficient estimates (i3 ) from the interactive regression

K

Z Acipr = oo + o g Acy + o gk Pspy + 3k PsBr X Acy + €k

k=1
for different values of the interval (/). In Graphs A and B, psp ; represents the correlation between
stock returns and nominal 10-year bond returns. Graph C uses the correlation with real 10-year
bond returns instead, while Graph D uses the negative of the correlation between stock returns
and inflation shocks. The lines show the 68%, 90%, and 95% confidence intervals computed using
Newey-West standard errors with 12 lags. Graph A is based on the full 1962-2019 sample period,
while other graphs use the 2003-2019 sample.
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This table summarizes the slopes and Newey-West-adjusted (3 lags) ¢-statistics from regressing the first-difference in
the SPF long-run consumption growth forecast on the first difference of uncertainty. Some regressions also include
interactions with a 1999+ year dummy or with the SB correlation, which is estimated using 1-year or 10-year
nominal yields or with the 10-year real yield, as well as main effects for these variables. In Panel A, UNC denotes
macro uncertainty, while in panel B it is real uncertainty, both from [Jurado et al|(2015). There are 38 observations
(1981-2018), except for when the 10-year real SB correlation is used (2003-2018, 16 observations) for the analysis.

TABLE Al

Uncertainty and Expected Growth

Panel A. Using Macro Uncertainty for UNC

Dependent Variable: A

Bond maturity: 1Y 10Y 10Y Real
A UNC; —0.042 0.007r —-0.023 —0.023 —-0.027 —0.028 —0.055 —0.017
(—-1.92) (0.22) (-1.61) (-1.62) (-0.61) (—1.70) (—4.28) (—1.42)
A UNC; X lgg, —0.069
(—2.05)
A UNC; X pspt 0.133 0.130 0.089 0.085 0.052 0.061
(4.00) (4.36) (1.98) (2.03) (0.87) (0.82)
Loos 0.001
(0.57)
PSB.t —0.003 —0.001 —0.004
(—1.81) (—0.89) (—1.09)
Adj-R? 0.175 0.250 0.301 0.305 0.260 0.242 0.516 0.499
Panel B. Using Real Uncertainty for UNC
Dependent Variable: Az
Bond maturity: 1Y 10Y 10Y Real
A UNC, —-0.083 —-0.008 —-0.066 —0.063 —0.064 —0.067 —0.059 —0.058
(-2.32) (-0.18) (—2.80) (-3.71) (2.88) (—3.17) (—1.05) (—0.04)
A UNCt X 199+ —0.110
(—2.49)
A UNC; X psp.t 0.205 0.197 0.138 0.129 0.385 0.419
(3.94) (4.44) (2.46) (2.53) (1.62) (2.83)
Log. 0.001
(0.68)
PSB.t —0.003 —0.001 0.003
(—1.62) (—0.90) (0.66)
Adj-R? 0.197 0.249 0.296 0.302 0.262 0.244 0.546 0.518
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