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A. Model Appendix

A.1. Loglinear habit dynamics around steady state

We derive a loglinear expansion showing that we can view habit approximately as a function of
current and lagged consumption moments. This Section derives the loglinear dynamics of the habit stock
using a first order approximation around the steady state S; = S. We write log habit h; as a distributed
lag of current and lagged consumption moments and the output gap, which also equals stochastically
de-trended consumption according to model equation (10).

We model how habit adjusts to consumption implicitly by modeling the evolution of the log surplus
consumption ratio. In order to solve for log habit we need an approximate relation between log habit,
log consumption, and the log surplus consumption ratio. Defining §; = s; — 5, we develop a first-order
Taylor expansion of §; in terms of ¢; — hy. We take the first derivative of §; with respect to ¢; — hy:
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so at the steady state this first derivative equals:
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The first order Taylor expansion for §; in terms of ¢; — h; around the steady-state therefore equals (up
to constant):
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The relation (A6) is approximate rather than exact because we ignore second- and higher-order terms
in (¢; — hy). Further approximating A(s;) =~ A(5) = % — 1, the approximate dynamics for §; near the
steady state are given by:
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Combining (A6) with (A7) gives the approximate dynamics for log habit:
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where we use Aci11 = 41 — ¢ to denote the change in log consumption from time ¢ to time ¢ + 1. We



now iterate (A11) to obtain:
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The expansion (A14) shows that approximate log habit depends on lagged moments of consumption and
the output gap.
We substitute in for the output gap z; from equation (10) in the main paper:
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The Campbell and Cochrane (1999) case corresponds to 6; = 6 = 0 and constant expected
consumption growth. In that case, expression (A17) shows that log habit is approximately an
exponentially-weighted moving average of lagged log consumption with exponential parameter 6.

In our calibration #; < 0 and 63 > 0 and we impose the constraint that the lead and lag coefficients
in the New Keynesian Euler equation sum up to one, i.e. equation (16) in the main paper. With this
additional constraint, the loading of log habit onto the first two lags of consumption at the steady-state
become
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Equation (A18) shows that a negative value for 6y (as in our calibration) drives up habit’s loading on
the most recent consumption lag. Because ¢ and 6y are both close to but smaller than one, equation

(A20) shows that h’fll also increases when 6, is negative. However, gﬁ::l changes much less with 6;

than atcﬂ because in (A20) 6; is pre-multiplied by a small factor ((1 — @) + (1 —6p)). In our calibration
((1 = ¢)+ (1 —6p)) = 0.10, so a negative value for 0 increases habit’s dependence on the most recent
consumption lag, but roughly leaves its dependence on the second consumption lag unchanged.

B. New Keynesian Microfoundations

For completeness, in this Section we present a set of microfoundations for the log-linearized
macroeconomic New Keynesian model with finance habit formation preferences. We make some minor
modifications to the standard setup and derivation to address the issues noted by Lettau and Uhlig (2000)
that habit may affect labor supply decisions in a production economy, and to ensure that model output
gap is level stationary whereas consumption is stationary in changes, i.e. equation (10) in the main paper.



B.1. Firms

B.1.1. Final good
A final consumption good Y; is produced by a representative perfectly competitive firm from a
continuum of differentiated goods Y; ;:
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The resulting demand for the differentiated good i is downward-sloping in its product price F; ;:

P\ ¢
Yoo = Y(P) . (A22)

_a
Here, P, = [ fol P_t((_l)di} “"is the aggregate price level. The constant ( is the elasticity of substitution
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across intermediate goods.

B.1.2. Intermediate good

Intermediate goods firm ¢ produces according to a Cobb-Douglas production function with capital
share 7:

Yie = ML (A23)
Productivity is given by N;. With (A21), aggregate output then satisfies
Y, = NIL;7, (A24)

where aggregate labor is defined:
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The aggregate resource constraint in this economy is simple. Because there is no time-varying real
investment, consumption equals output C; = Y;.

Following Lucas (1988), we assume that human capital depends on the average skill acquired by all
agents, and that changes in log human capital are driven by past market labor, l;_1:

ng = V+ng_1-+ (1 — (]5)(1 — T)ltfl. (A26)

Here, 0 < ¢ <1 and v > 0 are constants. This assumption ensures that potential output increases with
lagged output. The process (A26) can equivalently be interpreted as a simple endogenous capital stock,
similarly to (Woodford, 2003, Chapter 5), if a fixed proportion of market labor each period is used to
produce investment goods and we scale the total amount of labor available accordingly.

Intermediate firm profit equals output minus the cost of labor, subject to the production function
(A23), demand for differentiated goods (A22), and taking wages as given.

B.1.3. Price setting

Intermediate firms face standard price-setting frictions in the manner of Calvo (1983), where fraction
1 — « of firms can change prices every period with equal probabilities across firms. When firms cannot
update, their prices are indexed to lagged inflation (Smets and Wouters (2007), Christiano, Eichenbaum,
and Evans (2005)). A firm that last reset its price at time ¢ to P, charges a nominal time t + j price

P, (% . A firm that can update its product price maximizes the discounted sum of current and

future expected profits while the price is expected to remain in place, discounted at the households’
stochastic discount factor.



B.2. Labor-leisure choice

The wages intermediate firms face arise from a standard labor-leisure choice. The habit preferences
over market consumption in Section 2.1 in the main paper arise when leisure and home home good habits
are at their equilibrium values.

Following the classic model of Greenwood, Hercowitz, and Huffman (1988), we assume that total
consumption consists of market consumption and home produced goods. Labor not used in the market
is used for home production, such as cooking at home instead of eating out. Household H’s total

consumption is the sum of market consumption, C}, +, and home production C’,}jotme:
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Here, Ly, ; + denotes the differentiated labor that household h provides to firm ¢ and (1—Lp, ;+) is labor used
for home production. Home production has decreasing returns to scale, as in Campbell and Ludvigson
(2001), and the parameter y determines the elasticity of market labor supply.? Utility equals

1=y
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Both market and home consumption are assumed to be subject to external habits, H; and H}**™¢. Habits
are external, meaning that they are shaped by aggregate consumption and labor rather than household
h’s own consumption and labor. The parameter « is a curvature parameter.

The formulation of the labor-leisure choice following Greenwood, Hercowitz, and Huffmann (1988)
separates the intratemporal labor-leisure choice from the intertemporal consumption-savings decision,
which is needed to ensure that the intermediate firms’ first-order profit takes a standard form. The
assumption that productivity in the home increases with aggregate productivity, IV;, ensures that the
labor-leisure trade-off does not become irrelevant over time consistent with empirical evidence (Kehoe,
Lopez, Midrigan, Pastorino (2019), Chodorow-Reich and Karabarbounis (2016)). A complementary
approach to separate wages from consumption habit would be to introduce separate slow-moving habits
for consumption and leisure combined with labor market frictions, though matching asset pricing moments
can be challenging in such a setup (Uhlig (2007), Rudebusch (2008), Lopez (2014)). Our formulation is
more parsimonious and requires only one parameter, ¥, closely related to the Frisch elasticity of labor
supply. Because of this parsimony we consider our model a useful template to study the interaction
between labor market frictions and habits in future research.

B.2.1. Home and market good habits

As in Campbell and Cochrane (1999) all habits are external. We assume that home good habit
equals aggregate home good consumption, i.e. H Lﬁme = Chome for all households 2. When home goods
consumption is at its equilibrium value Cﬁ;me = COFome utility over market consumption therefore takes
the form (1) in the main paper. Market consumption habit is described by equations (4) through (9) in
the main paper.

B.3. Owverview: Proof of Phillips Curve

We now derive the log-linearized Phillips curve (23) from the firm’s optimal price-setting and
production problems. This derivation is tedious, but almost all the steps in our derivation are standard.
Our asset pricing habit preferences potentially enter in two places. This Section shows that the
log-linearized Phillips curve is invariant to both of these channels for the following two reasons:

1. Firms’ real marginal cost depends on the real wage, which depends on preferences. The
log-linearized Phillips curve is invariant to this channel, because we separate the intertemporal

2The differentiated labor assumption follows Woodford (2003, Chapter 3) and generates real rigidities from labor
immobility across sectors (Ball and Romer (1990)).



consumption-savings decision and the intratemporal labor-leisure choice as in Greenwood,
Hercowitz, and Huffman (1988). We therefore obtain a standard functional form for log-linearized
real marginal cost that does not depend on habit or surplus consumption.

2. The SDF enters into firms’ first-order condition for the optimal price-setting decision. The log-
linearized Phillips curve is invariant to this channel, because up to first-order our SDF is standard
and second-order terms drop out of the log-linearized first-order condition, leading to a standard
log-linearized Phillips curve.

We log linearize labor around the steady-state with Y; = L'~7 and L the labor supply consistent
with steady-state markups when prices are flexible. We use bars to denote steady-state values and hats
to denote log deviations from this steady-state. We use lower-case letters to denote logs.

B.4. Marginal cost of production and steady-state labor supply

In this Section, we follow standard log-linearization steps to show that to first order firm i’ log
deviation of marginal cost from steady-state takes the form:

meiy = aoll — a1 (Pie — Pt) (A29)

i.e. it increases in the log deviation of output from the steady state, and decreases in the log own-firm
price deviation from the log aggregate price level where both ay and a; are positive constants. We use
hats to denote log deviations from the steady-state, so that §; = x; is the log output gap.

The real wage must equate household h’s marginal disutility of labor outside the home with the
marginal utility of market consumption:

AU .+
OLp i ¢ _

Wie = 3Uhh : =N (1—=Lp;z) *. (A30)
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Because all households are identical, this means that the wage for labor of type i must equal
Wit = Ne(1—L;j)” %, (A31)

Firm 4’s cost of producing quantity Y; ; of good 7 equals:

COSti’t = Wi,tLi,t (A32)
}/z’,t 1/(1—7)
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Taking the derivative with respect to Y; ; and substituting in for the wage from (A31) gives the marginal
cost of supplying good i:

1 Wiy (Yid\ T
MCi, = = (=2 7 A34
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Note that here we have assumed that the producer is a wage taker following Woodford (2003, p.148). We
define the steady-state labor supply L to be the amount of labor supplied if markups are equal to the
steady-state value

I (A36)
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, and all firms charge the same price. From (A35), the steady-state labor supply L then is the unique



solution to
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At the steady-state the real wage for labor of type i equals

Wis = N(1-L)*. (A38)

Log-linearizing the real wage around the steady-state wage gives:

ﬁh‘,t = Xﬁ ity (A39)
=l (A40)
Here,
L
= R A41
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is the inverse of the steady-state Frisch elasticity of labor supply.
Intermediate firm i’s elasticity of real marginal cost with respect to own-firm output near the steady-
state then equals:

dMCiy Yis T n
, : = A42
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To first order, firm i’s log marginal cost relative to steady-state then equals

me;, = log(MC;,) — log (;fl) ,
= Wit (Ad4)
= wir — w((pit — pr), (A45)

In the last step, we have used the demand function (A22). We hence obtain the functional form (A29)
with ap = w and a; = w(.

We can compare (A45) to the log real marginal cost obtained with standard preferences (e.g.
Woodford, 2003), where the real wage is given by

n
L;,
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W, (A46)

where 7 is the inverse of the Frisch elasticity of labor supply and <y is risk aversion. This expression is
log-linearized to

Wiy = 7@t+77ii,t~ (A4T)

If instead, the log-linearized real wage took the form (A47), we would obtain the following log-
linearized expression for the real marginal cost:

meir = (w+7) 9 — w((pi — D), (A48)

ie. ap =w + v and a; = w(. Comparing expressions (A45) and (A48) shows that the log-linearized real
wage in our model takes the same functional form as under standard preferences.



B.5. Discount Factor for Phillips Curve

We now derive the first-order approximation of the stochastic discount factor. Let M; . ; =
M1 Myiys...M;i; denote the household SDF for discounting cash flows at time t 4 j back to time ¢.
In the steady-state, log consumption grows at rate g and s; is constant at 5. The steady-state SDF for
discounting time ¢ + j real cash flows at time ¢ takes the standard form:

Myrj = Blexp(—9j)- (A49)
We denote log deviation of the SDF from this steady-state:
Mgy = log (Myuy;/Miy;). (A50)
We will see that my 1 ; drops out of the log-linearized price-setting first-order condition.

B.6. Price Level Law of Motion

The remainder of the derivation of the log-linearized profit first-order condition is standard and
follows Walsh (2017). We log-linearize around m; = 0.

Since the probability of being able to adjust the price-level is independent and equal across firms,
each firm that has the chance to re-set its price at time ¢ chooses the same price P,. The law of motion
for the price level is

—(¢=1
—(c— P = (c—
pre = a(Ptl ! 1) +(1—a)p Y, (A51)
P
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Dividing (A51) by P, gives
P 7(471)
1 = aexp(((—1)(m—m—1))+ (1 — @) <Pt> . (A52)
t

Using the notation p; = log (%), to first-order the price-level law of motion is

(e
Pt = I—a (ﬂ't — 7Tt_1). (A53)

B.7. Price-Setting First-Order Condition
The price charged at time ¢ 4+ j by a firm that last got to reset its price at time ¢ equals

Pt (Pt71+j/Pt71) . (A54)

A firm that has the opportunity to re-set prices at time ¢ chooses the price P, to maximize the expected
discounted sum of real profits conditional on the price still being in place:

0o ~ 1-¢
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where we use superscript e to denote price-setters’ expectations.~
The first-order condition with respect to the optimal price P; equates the expected discounted sum
of the marginal change in revenue with the expected discounted sum of the marginal change in cost of



producing the quantity demanded

P X Piqyi/Pia ¢
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B.8. Log-Linearizing the Profit First-Order Condition

We now log-linearize the first-order condition (A56) following the steps outlined in Walsh (2017),
Chapter 8.7. In the flexible-price equilibrium, all firms charge the same price so MC = pu~! = %
Denoting the log of steady-state output by 7; = logY; we have that

Yer1 — Y = Aﬂtﬂ, (A57)
= v+ (1-9¢)(1 -1, (A58)
= g+ 1)k, (A59)

where the steady-state growth rate, g, equals
g = v+(1—-9¢)(1-1). (A60)
To save on notation, we define:
By = Bexp(—(y—1)g). (A61)
The log-linear expansion for the left-hand-side of (A56) conditional on Y; becomes:
(1+p0) Ef D [ Y ViU G )1+ ey — T — 9)) (14 1ig015) (€= 1) x
7=0
1+ 1= Q) (m —mgy))]
(A62)
Dropping second-order terms and collecting terms that are independent of horizon j gives
Yi(C—-1) |, Yip(¢—1)
1 - By 1 - By
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Next, we approximate the right-hand-side of (A56) log-linearly. This gives
e}
£ (840 Vi1 + Ge4) (1 + (s = e = 9)) (L + 1it,045) €
(1= ¢ (me = me45)) MO(1 + e ;)] - (AG4)



Next, we use (M C = { — 1, substitute in (A45), and drop second-order terms:

m + Y, (¢ - 1)E} i (Bg)’ (Gets + (Werj — Ue — 9) + Mrayy)
9 7=0
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Equating (A63) and (A66), cancelling common terms, and dividing by Y;(¢ — 1) gives

Dt >
(1 + al) + E 7Tt+x
1-Bga  1-— Bg ; J
Z ao!/tﬂ) (A67)
j=0

Note in particular that 1,4+, drops out of (A67). Because this is the main place where we differ from
the standard New Keynesian model, this makes clear that our asset pricing preferences drop out of the
log-linearized optimal price-setting decision.

B.9. Substituting out p;

Next, we follow a number of standard steps (e.g. Walsh (2017)) to solve for m;. From equation (A67)
we have:

Gitm = (1 Bya)ES Z ; <a0yt+J _|_7Tt+j>, (A68)
7=0
1- B« .
= 17 51 (aoPe) + (1 — Bga)me
e - i [ a Z) j
#hy0(1 = 0B Y (o) (B2 i),
j=0
1- /Bga ~ e [~
= Tra (aodt) + (1 — Bga)me + Bea Y (D1 + Te1) (A69)

This equation relates the optimal relative price to the current-period marginal cost, current-period optimal
markup, and the next-period expected optimal relative price. Subtracting m; from both sides gives

- 1- 6«

pe = 77 ;1 (a0:) — Bgamy + BgaBimiy + Bya B Pria. (A70)

Substituting in the log-linearized law of motion for inflation (A53) and multiplying by =% gives

l1-al-pfa . e
(g —m—1) = o 1 +ﬁ;1 (ao®e) — By + BgEf T4 (A71)




Solving for m; gives the New Keynesian Phillips Curve (ignoring constants)

59 e 1
T +
1+8, " 148,

T = T—1 + Iigt, (A?Q)

where 7§ denotes price-setters’s inflation expectations and the Phillips curve slope coeflicient on §; = x4
equals

1 11—« ag
e 0 ) (AT3)
Finally, we use that (up to a constant)
Ty = gta (A74)
apg = w, (AT5)
ap, = w(. (AT76)

to obtain the log-linearized New Keynesian Phillips curve (23) in the main paper. One way to obtain a
backward-looking coefficient in the Phillips curve that is not as closely tied to ; and that can therefore
be matched more closely to the empirical persistence of inflation is if price-setters’ inflation expectations
are partially indexed to lagged inflation (7§ = p®m_1 + (1 — p®) E¢meq1, for some constant p© € [0, 1] where
E, 7 is the rational forecast of next-period inflation). In that case the backward-looking component in the

1 Bg

Phillips curve equals p™ = 13, T THA,

in the Phillips curve would be through more complicated price-setting mechanisms (e.g. Fuhrer and
Moore (1995)).

Note that the limiting case of perfectly sticky prices (« = 0) corresponds to £ = 0, so inflation
equals zero irrespective of the cross-goods substitutability . The parameters 7 and 7 also drop out of
equilibrium dynamics in that case, simplifying the macroeconomic dynamics.

rho®. Other ways to obtain a larger backward-looking component

C. Model Solution

C.1. Consumption from output gap

Recall that the steady-state is given by Y; = N;L'~7, where L is the labor supply consistent with
flexible prices and steady-state markups.
Using the resource constraint y; = ¢; and the process for human capital (A26).

ng = V+ng_1+ (1 — (ZS)(l — T)ltfl, (A77)

= vimor+ (1= )y, (AT8)

= L 1-9) Py (A79)
1—¢ pa

The deviation of output from the flexible-price equilibrium then equals (up to a constant):

Ty = Yt — Ny, (ASO)
= y—(1-9) Z ¢’ (Yt-1-5) , (A81)

j=0
= a—(1-9)> ey, (A82)

j=0

i.e. equation (10) in the main paper. Inverting equation (10) gives the equilibrium consumption dynamics
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from the output gap:
Act+1 = Ti41 — (Z).Tt. (A83)
We can therefore solve for consumption from the output gap and vice versa.

C.2. Details: Euler equation derivation

With the updating equation for log consumption growth (A83), the asset pricing Euler equation for
the one-period real risk-free rate is given by:

2
re = ’}/EtACt+1 + ’}/EtAét+1 — % (1 + )\(St))Q O’g, (A84)

2
’}/EtACH_l + 7(00 - 1)<§t + 'Yelxt + 7921}—1 — % (1 + /\(St))Q 0'3, (A85)

2
= YEuxi1 —vox + (00 — 1)8; + 0134 + 0201 — % (14 A(s))? o2

The sensitivity function has just the right form so that surplus consumption §; drops out and (up to a
constant):

re = VB —yor + 0w + 02 (A86)
Rearranging and continuing to ignore constants gives:

1 > n 0 1
ry = ———FEux Ti—1 — Tt
t é— 0, t i1 é— 0, t—1 ’Y(¢>—91)t

Note that we have not made any approximations in the derivation of (14).

(A87)

C.3. Solving for macroeconomic dynamics

In our solution for macroeconomic dynamics we have several no-longer needed shocks for legacy
reasons. The additional shocks - demand, supply, and the shock to the random walk component of
inflation — are later set to zero. Our solution method also includes an inflation state variable and a
random walk component in inflation, though both are later set to zero.

The full macroeconomic dynamics are given by

vy = [TExi +p w1 — Y (re — VEst) (A88)
m = [fTEm + p o1+ KX+ Vg, (A89)
i = Atz T+ (L —A")vy, (A90)
iv = plig_1+ (1= pY)if +vmps, (A91)
v, = v, +vLry (A92)

The demand shock v, ; = yies ¢, the supply shock vy ;, and the random walk shock vy will later be
set to zero, so vy and m; will also be zero.
We want to find a solution of the form

Y, = BYi_i+ Sy, (A93)

where the matrix B is [3 x 3], the matrix ¥ is [3 x 4], and we work with the expanded state vector

Y, = [z, 7,0 (A94)
,’ﬁ't = Ty — 'U;F, (A95)
’Zt = ’Z:t — U:. (A96)
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Writing the macroeconomic dynamics in terms of the state vector Y;:

Yii = [fPEYim1+0" Y11 — 0 (Y — EiYo 1) + gy, (A97)
Yo = ffEYoir1+p " You1+6Y 1+ U —p VLT, (A98)
Yay = p'Vaio1+(1—p) (YY1 +9"Yoyu) +vsre — oLt (A99)

v; = vl +vurTt. (A100)

The same thing in matrix form:
0 = FEY; 1 +GY+ HY; 1+ Muy,

where the matrices F';, G and H are given by

frod 0
F = |0 f o,
L0 0 0
[ -1 0 —
G = K -1 0 ,
[ A= (A=p " —1
(% 00
H = |0 p o0
| 0 0 P’
The matrix M is [3 x 4] and equals:
100 O
M = [010 —p (A101)
001 —p°

Following Uhlig (1999), we solve for the generalized eigenvectors and eigenvalues of the matrix =
with respect to the matrix A, where

_ [ -G -H

= = [ L 0, ] (A102)
[ F o

N a1

To obtain a solution, we then pick three generalized eigenvalues A1, A2, A3 with generalized
eigenvectors [\z},2}]", [Aazh, z2)’, and [A3z}, 24]. We denote the diagonal matrix of these eigenvalues
by A = diag (A1, A2, A3), and the matrix of the lower [3 x 1] portion of the eigenvectors by 2 = [z1, 22, 23].
The corresponding solutions for B and 3 are then given by:

B = QAQ7Y, (A104)
Y = —[FB+G] 'M. (A105)

In our empirical application, there exist exactly three generalized eigenvalues with absolute value less
than one, and we pick the non-explosive solution corresponding to these three eigenvalues.

C.4. Rotated state vector

Our state space for solving for asset prices is five-dimensional: It consists of Z;, which a scaled
version of Y;, the surplus consumption ratio relative to steady-state §;, and the lagged output gap x;_1.
The lagged output gap z;_1 is not actually needed as a state variable and we have verified that our
numerical solutions for asset prices do not vary with z;_;. Our code includes z;_; as a state variable for
legacy reasons.

12



We next describe the definition of Z;. To simplify the numerical implementation of the asset pricing
recursions, we require that shocks to the scaled state vector Z; are independent standard normal and
that the first dimension of the scaled state vector is perfectly correlated with output gap innovations.
This rotation facilitates the numerical analysis, because it is easier to integrate over independent random
variables. Aligning the first dimension of the scaled state vector with output gap innovations (and hence
surplus consumption innovations) helps, because it allows us to use a finer grid to integrate numerically
over this crucial dimension over which asset prices are most non-linear.

If the scaled state vector equals Z; = AY; for some invertible matrix A, the dynamics of Z, are given
by:

Z, = Ay, (A106)
Zt+1 = ABAAZ + szt—i-l- (A107)
B €t4+1

We hence want a matrix, A, such that

Var (e;41) = AXE,Y A (A108)
1 0 0

- o1 0]. (A109)
0 0 1

Finding such a matrix A should in general be possible, because the matrix M and therefore X3,X%’
generally have rank three. We require that the first dimension of €;y; is perfectly correlated with the
consumption shock. We can therefore find the three rows of A using the following steps:

1. Set A, = —&——.
VeiX,¥Xe]

2. We use the MATLAB function null to compute the null space of 4;X%,Y’. Let no denote the first
vector in null (A1 X3,%"). We then define the second row of A as the normalized version of no:

Ay = —— 2 (A110)

NI

3. Let ng denote the first vector in null (4; 13,3, As3¥,%"). We then define the third row of A as
the normalized version of ns:

Ay = —— 2 (A111)

Vn3XE,Xnk

It is then straightforward to verify that equation (A109) holds for
A = Ay | . (A112)

C.5. Asset pricing recursions

Before deriving the recursions for the numerical asset pricing computations, we derive a convenient
form for the dynamics of the log surplus consumption ratio. We use e; to denote a row vector with 1 in
position i and zeros elsewhere. The matrix

Sy = Y (A113)

denotes the loading of consumption innovations onto the vector of shocks v;, where e; is a basis vector
with a one in the first position and zeros everywhere else. The volatility of consumption surprises equals:

o = YuX,Yy,. (A114)

c
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To simplify notation, we define §; as the log deviation of surplus consumption from its steady state. The
dynamics of 3;, including the additional surplus consumption shock €, ; that will later be set to zero, are:

ét = 8 — S, (A115)
5t = 0081+ 01241+ 02242 + 511+ A(Se—1)ct, (A116)

where with an abuse of notation we write:

/\(§t) = /\Om_ 1,3 < Smaz — S, (A117)
>‘(§t) = 0, 3¢ 2 Smax — S- (A118)

The steady-state surplus consumption sensitivity equals:
A = = (A119)

In our calculations of asset prices, we repeatedly substitute out expected log SDF growth, which
equals:

Ei[mip1] = logfB —vEiASi11 — YEAciya, (A120)
—rp— %(1 — 00)(1 — 25,). (A121)

We often combine this with r; =7 + (e3 — e2B)Z; and 74 = (eg — eaB)Z;.
Including the constant, consumption growth is given by:

ACt+1 = g + Ti41 — ¢.’£t. (A122)

The steady state real short-term interest rate at xy = 0 and s; = § is the same as in Campbell and
Cochrane (1999):

1 _
To= 99— 57%02/S% — log(B). (A123)

The updating rule for the log surplus consumption ratio can then be written in terms of the state
variables as:

<§t+1 = '§t + EtA§t+1 + A(gt)gc,t—&-ly (A124)
1
= s Bt (logf+ ik 7+ (1= 00)(1=28)) + MB)eessn,  (A125)
1 - _
= B4 + S (e3—exB)A™ ' Z; — ey [B— @Il A1 Zy + M(31)ectr1- (A126)

C.5.1. Recursion for zero-coupon consumption claims
We now derive the recursion for zero-coupon consumption claims in terms of state variables Zi, &
and x;—1. Let PS,/Cy denote the price-dividend ratio of a zero-coupon claim on consumption at time
t+n. The outline of our strategy here is that we first derive an analytic expression for the price-dividend
ratio for Pf,/C;. For n > 1 we guess and verify recursively that there exists a function Fn(Z7 St,e—1),
such that
Pt
Ct

- F, (Zt, 3, xt_1> . (A127)

The ex-dividend price-consumption ratio for a claim to all future consumption is then given by

by

& = F(Zt,§t,xt_1), (A128)
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where we define
F (Zn@t,l’t—l) = Y F, (Ztagtamt—l) : (A129)
n=1

We now derive the recursion of zero-coupon consumption claims in terms of state variables Z; and
S¢. The one-period zero coupon price-consumption ratio solves:

Py, M 11Ciyq
— = FE|— A130
2= [ (A130)
We simplify
M1 C .
% Bexp (Eyme1 + EyAcipr — v(8e41 — Eysen) — (v — D(cerr — Ercrtn)) -
Using the notation f, = log(F;,), this gives the log one-period price-consumption ratio as:
bil (Zu St l‘t—1) = —r— %(1 —00)(1 —25;) + g+ Epxi41 — day
1 .
3 (AG) + (= )22, (A131)
15 1 .
= g+e[B=gl A7 2+ 5 (3A(8) + (v - 1)*a?
—F—(e3 — eaB) A™'Z, — %(1 — 00)(1 — 25,) (A132)
Next, we solve for f,, n > 2 iteratively. Note that:
Pe, My11Ci1 Priq i M1 1Cia = .
Tt _ 41| g, | p (Z Biis ) A133
C, t C, Cron t C, 1 t+1, St+1, Lt ( )
This gives the following expression for f,:
SaZissusiia) = log[By [exp (g+ ei[B - 01472,
—F — (e3 — esB)A™" Zy — 2(1— 60)(1 - 25,)
—(Y(L+A(8)) — D)ocer i1
+fn—1(2t+1,§t+1,72t))” . (A134)

Here, €141 denotes the first dimension of the shock €.

C.5.2. Recursion for zero-coupon bond prices
We use Pff’t and P, ; to denote the prices of nominal and real n-period zero-coupon bonds. The
strategy is to develop analytic expressions for one- and two-period bond prices. We then guess and verify
recursively that the prices of real and nominal zero-coupon bonds with maturity n > 2 can be written in
the following form:
P.: = Bn(Zi, 8,24-1), (A135)

)

Py, = exp(—mv})BY(Ze, 51, w01), (A136)
where Bn(Zt, St,xp—1) and Bg(Zt, 8¢, x1—1) are functions of the state variables. As discussed in the main

paper, we assume that the short-term nominal interest rate contains no risk premium, so the one-period
log nominal interest rate equals i; = r; + Eymi41. Taking account of the constants, one-period bond prices
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equal:

P, = exp(=Ys; —vf —7), (A137)
Py = exp(—Ys +EiYo40 — 7). (A138)

We next solve for longer-term bond prices including risk premia. Substituting in (A137) into the
bond-pricing recursion gives:

P}, = E |:Mt+1P1$,t+1 exp(—viyy — Y2,t+1)} (A139)
= Et [Mt+1 exp(—Y37t+1 - 21}:_,'_1 - Yg,t+1 - ’F)] . (A140)
We can now verify that the two-period nominal bond price takes the form (A136):

Bg(Zt, §t,$t71) = €Xp (Et (mt+1 - Y3,t+1 - Y2,t+1) - 7_’)

x[E; |exp =y (A(8) + 1) Zp — [(e2 + e3)X + 2e4] | vet1

Vg

(A141)

Here, we define the vector vg to simplify notation. The random walk component of inflation v} does
not appear in (A141), because Bg is already scaled by exp(—2vy) by definition (A136). Taking logs,
substituting out for Fymyy1, and using the definition for the sensitivity function A(5;), we get:

~ 1
b5 = —es[I+BJAT'Z, + 5 VsSuvs/
+7 (A(8) + 1) Ty B, vg — 27 (A142)
We similarly solve for two-period real bond prices in closed form:
Py = exp(Ei(mig1 — Yaq1 + Yo q2) — 1)
xE¢ |exp | (=y(A(8¢) + D)Xar — (e — €2B)X)vetq
—_———

Ur

(A143)

We define the vector v, to simplify notation. Taking logs, substituting out for Eym;;1, and using the
definition for A(§;) gives:

- -1
bo(Zy, 3¢, 00-1) = —(es—exB)[I+B]A™'Z, + ivTEvv; + 7 (A(3) + 1) 280 — 27
(A144)

For n > 3, we repeatedly substitute out for Fym:y; to obtain the following recursion for real bond
prices:

Bn(Ztu S,2-1) = E {GXP (mt+1 + bn71<Zt+1a §t+17$t)):|

E, [exp (ff ~(e3 —eaB)A1Z, — %(1 ~0)(1 — 24,)

—’y(]. + >\(§t))0061,t+1 + bnfl(ZH»l; §t+17 l’t)):| . (A145)

The recursion for nominal bond prices with n > 3 is similar. It is complicated by the fact that we
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need to integrate over vyr 41, which is not necessarily spanned by €;41:
Bi(Zt, §t, mt—l) = Et [exp (mt_H — Y2,t+1 — nvthl + bifl(zt-‘rla §t+1, xt))] . (A146)

To reduce the number of dimensions along which we need to integrate numerically, we split vtL+T1 into a
component that is spanned by €;41 plus an orthogonal shock. This is useful because we can then use
analytic expressions to integrate over the orthogonal component. We use the standard expression for
conditional distributions of multivariate normal random variables. The distribution of v/ conditional
on €41 is normal with:

oEL i1 ~ N | (AZS,€)) €111, (0nr)? — (ADS,e)) (AXE,¢)) | - (A147)
vecs o2

L

We then write v7 as the sum of two independent shocks:

LT L
vl = vect€q1 + €4, (A148)
where € ; is defined as
L ._ LT
€111 Vi — vect € (A149)

We integrate analytically over etl_H in equation (A150):

n
2
= E; [exp (—F —e3 AT Z, — %(1 —6p)(1 —258;)

B¥(Zy, 4,m01) = By {GXP (mt+1 —Ya i1 —nvec s + —(01)2 4051 (Ziva, Si41, B$$t)>:| ;

—(Y(1 4+ A(81))0c + e2 A~ el + nvec*e) e 111

vpil

— | eaA7 el + nvectel | eap41
—_——

vpia

2 ~
(00)% + 051 (Ze41, 3041, xt)>:| : (A150)

. n
2
We define the vectors vpi; and vpiy as given above to avoid computing them repeatedly in our numerical

algorithm.

C.5.3. Computing returns
The log return on the consumption claim equals:

P, +C
i = log(tH;C t“), (A151)
t
P
= Aciy +log % . (A152)
ren

Real and nominal log bond yields equal:

1

Ynt = ——bng, (A153)
n
1

yi,t = _gbi,t“‘“t*- (A154)
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Real log bond returns equal:
Tnt+l = bn—1t41 —bnyt. (A155)
Nominal log bond returns equal:
Ti,t+1 = bi—l,t+1 - bi,t — (n = 1vyyq + nvy. (A156)
Real and nominal bond log excess returns then equal:

TTrpt+1 = Tottl — Tty (A157)

xrfb,ﬂ_l = Ti,t-u — it (A158)

C.5.4. Levered stock prices and returns
We note that the price of the levered equity claim is § P7, so the price-dividend ratio equals:

s c
g} - gégt (A159)
Using the expression
D}, = Pf+Ci1—(1—8)Pfexp(r,) — dPf, (A160)
and
P’ = 4P (A161)
gives the gross return on levered stocks:
(1+RY,) = W, (A162)
t
— %Ptcﬂ + Cip1 —P()tlC — 6)Pfexp(ry) 7 (A163)
= % (1+Ry,,) — 1= 6exp (r4) . (A164)
Log stock excess returns then equal:
xr?—i—l = Tf+1 — T (A165)

To mimic firms’ dividend smoothing in the data, we report simulated moments for the price of
equities dividend by dividends smoothed over the past 64 quarters:

1
P}/ (M(Df + D0 4.+ Df_63)> ) (A166)

C.6. Industry portfolio returns

We compute industry portfolio returns for industry j exactly as for the market but setting 67 # 4.
For each industry j we set

. 5
¥ o= g (A167)

where (57 is the unconditional beta obtained from regressing quarterly industry returns onto quarterly
value-weighted market returns in the data for the sample 1993Q1-2019Q1.
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C.7. Risk-premium decomposition

We use the superscript ™ for risk-neutral, superscript ¢/ for cash flow, and " for risk premium.
Risk-neutral valuations are expected cash flows discounted with the risk-neutral discount factor, that is
consistent with equilibrium dynamics for the real interest rate:

MYy, = exp(—ry). (A168)

C.7.1. Risk-neutral zero-coupon bond prices

We use analogous recursions to solve for risk-neutral bond prices. One-period risk-neutral bond
prices are given exactly as before by equations (A137) and (A138). For n > 1, we guess and verify that
the prices of real and nominal risk-neutral zero-coupon bonds with maturity n can be written in the
following form

P’r:jz = B;n(Ztvgtvxtfl)a (A169)
Pj:” = exp(—nv}) By (Zy, b1, w1-1). (A170)

for some functions B,Q”(Zt, S¢,i—1) and B;*;’T”(Zh St,@p—1).
We derive the two-period risk-neutral nominal bond price analytically:

P = eap(—r)B: | PITy exp(—vie — Yourn)] (A171)
= exp(—ry)E; [exp(—Y341 — 204 — Y41 —7)] . (A172)
We can hence verify that the two-period risk-neutral nominal bond price takes the form (A136)
~ 1
bo™ = eI+ B]JA'Z + 5UsSuvs! — 27 (A173)

Here, the vector vg is identical to the case with risk aversion. Comparing expressions (A173) and (A142)
shows that they agree when v = 0. We similarly solve for 2-period real bond prices in closed form:

P;)? = exp (—Yg,t =+ EtYQ)t+1 — ’F) X exp (]Et (—Y3’t+1 + Et+1Y2)t+2 — ’F))
xE; |exp | —(e3 — eaB)Xvp1q ) (A174)
—_——

The vector v, is again identical to the case with risk aversion. Taking logs gives:
- - 1
V5" (Zs, 50,20-1) = —(es —eaB)[I+ BJA ' Z; + §vrzvv; — 2F. (A175)
We note that the risk-neutral bond prices (A175) and bond prices with risk aversion (A144) are identical

when the utility curvature parameter v equals zero.
For n > 3 the n-period risk neutral real bond price B;" satisfies the recursion:

BI™(Zy, s, 00-1) = By [GXP <*77 —(e3 — e2B)A™ Zy + by—1(Zy 41, §t+1,3€t))}
(A176)
We obtain a similar recursion for risk-neutral nominal bond prices:
B¥"™(Z, 81,m01) = Ky [GXP (Y3,t +EYo 1401 — 7 — Yo 41 — 00 + b1 (Zita, §t+17xt))} .

We again use the decomposition v}, = vec*€e,1 + € from Section C.5.2 to reduce the dimensionality
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of the numerical integration:

2
~ B . n
ij”‘(Zt, S,) = Ky {GXP <—Y3,t +E Y241 —T = Yo 11 —n-vecte 1 + ?(Ul)z
+bifl(2t+17§t+1amt)):| ; (A177)
= E; |exp | -7 —e3A71Z; — (eaA7 e 4+ n - vecte))er 111
———
L vpiy
1.7 / n? 182 $ 5 o
— | e2A7 ey +n-vectes | €241+ —(07)° + b0 _1(Zps1, S141, 1)
—— 2

vpig

(A178)

C.7.2. Risk-neutral zero-coupon consumption claims

Next, we derive recursive solutions for the risk-neutral prices of zero-coupon consumption claims.
Let P;;™/C} denote the risk-neutral price-dividend ratio of a zero-coupon claim on consumption at time
t + n. The risk-neutral price-consumption ratio of a claim to the entire stream of future consumption
equals:

Pc,rn o0 c,rn
t

= 7711 . Al
G nz & (A179)

=1

For n > 1, we guess and verify there exists a function Fg”(Zt, $¢,x4—1), such that

C,Tn
P
Cy

= F'r’;,n (Zta gta J]t,1) . (A180)
We start by deriving the analytic expression for F|™. The one-period risk-neutral zero-coupon price-
consumption ratio solves
Pc,rn
1t
Ci

(A181)

C
= exp (—Yg’t + EtYQ’t+1 - 77) Et |: t+1:|

Cy

Using (A83) to substitute for consumption growth, we can derive the following analytic expression for

.

1 -

- ~ ~ 1
™ Ze,30,00-1) = —(ez3—eaB)A™ ' Zy —F+g+el[B—ol|A Z + 50—3.
(A182)
Next, we solve for f,, n > 2 iteratively:
pern C ~ R
= eap(~Yau+EYaq1 — 7By |[—oFI, (Zt-i-la 5t+1a$t> (A183)
Ct Ct
This gives the following expression for f]™:
f;n(Zt, S¢,0-1) = log[E¢[exp (— (Yo +EiYo41) — 7+ g — ¢x¢ + Errp1 + 0c€r i1
+f;’i1(2t+1,§t+1,xt)>” : (A184)

Finally, we re-write f;"; as an expectation involving f;"; ;., the state variables Z,, and period t + 1

20



shocks:

n

i (Ze, s, 00-1) = log []Et [GXP (9 +e1[B—¢IlA™ Zy — 7 — (e3 — e2B) A" Zy+

+oc€r 1+ fﬁ711(2t+1, §t+17xt))]:| . (A185)

C.7.8. Risk-neutral returns

We plug risk-neutral price-consumption ratios and bond prices into equations (A152) through (A158).
This gives risk-neutral returns on the consumption claim, risk-neutral log excess bond returns, and risk-
neutral bond yields. We then substitute risk-neutral returns on the consumption claim into (A164)-(A165)
to obtain risk-neutral log excess stock returns.

C.8. Modeling FOMC' High-Frequency Asset Prices

In order to simulate high-frequency changes in stocks and bonds around FOMC announcements, we
decompose the quarterly shock into a pre-FOMC and an FOMC component, which are assumed to be
uncorrelated

v, = o4 fOMC, (A186)

We therefore effectively model FOMC dates as occurring always at the end of the quarter, because that
is the only date when we compute asset prices. The variance-covariance matrix of shocks released prior
to the FOMC announcement is

¥rre =%, — diag ([UfOMC,UfOMC,O'gJQMC,O'EYQMC]) . (A187)

We then split the rotated e; shock similarly according to

¢ = AT, (A188)
efOMC = An[OMC, (A189)

The aggregate dynamics and asset pricing solution are of course unchanged to before, because the
distribution of quarterly fundamental shocks v; is unchanged. But splitting it into two independent
shocks allows us to differentiate asset prices before vs. after the FOMC shock v/ 9M¢,

We compute pre-FOMC asset prices very simply at the expected quarter ¢ state vector before the
FOMC shock is realized. The expected pre-FOMC state variables plus consumption are given by

I BZ e, (A190)
Y = BY,_; + A (A191)
§fr€ = 081+ 91}/17,*,71 + 92Y1)t,2 + ---)\(§t717 5)0'0611);6, (A192)
" = gta1+ = oY), (A193)
BT =ty ol (A194)

We compute pre-FOMC stock and bond prices by substituting the pre-FOMC state vector into the
solutions from the asset pricing value function iterations:

Ptpre ~pre re

o = F(Zf & ,xt_1>, (A195)
t

Py = eap(—nv ") BY (Zf“,é’tm,xt_l), (A196)
PYY = DBn (Zfriéi’“,xtfl) (A197)
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The pre-FOMC nominal and real log bond yields are then given by

yi’fzre = -—nlog (Pf:fre> , (A198)
ynt = —nlog (Pf;)rte) . (A199)

Pre-FOMC breakeven is computed as
breakeven)'; = yi’ﬁm —Ynt- (A200)

We then compute simulated changes in the short-term nominal interest rate, as well as long-term bond
yields and breakeven around FOMC announcements

Nif OME = (Yag +vp) = (Y8 +07"), (A201)

Ay oM = yh -t (A202)
N (A203)
Abreakevens9MC = breakeven,,, — breakeven?'s. (A204)

Stock returns around the FOMC date are computed assuming that no consumption takes place
during the FOMC interval (equivalently, the FOMC intervals is infinitesimal), so

e
peFOME — og | eap(e, — cfre)% . (A205)
The levered stock market return around the FOMC date then is
ryFOME = log((1/8)eap(ry™OM) — (1 - 6)/9)), (A206)

which follows from using the standard formula for levered stock returns while setting the real interest
rate and consumption to zero, because the FOMC interval is infinitesimal.Returns for industry j around
the FOMC announcement are computed by using ¢7 rather than ¢ in the expression (A206).

D. Solving for Asset Prices numerically

We evaluate asset prices by iterating on a grid for the state vector as in Campbell et al. (2020)
building on Wachter (2005). Other numerical methodologies are faster, but their cost is that they
cannot replicate the economic properties of Wachter (2005)’s numerical solution for Campbell-Cochrane.
Lopez, Lépez-Salido, and Vazquez-Grande (2018) develop an analytically convenient solution method,
that approximates the sensitivity function A by an affine function. While their method is analytically more
convenient than ours, their Figure 1 shows an average price-dividend ratio of around 25 for the original
Campbell and Cochrane (1999) model, whereas Wachter (2005)’s numerical best practices yield a price-
dividend ratio of 35. Figure 1 in Lopez, Lépez-Salido, and Vazquez-Grande (2018) also shows clearly that
perturbation methods and global solution methods generate similarly economically meaningful differences
with Wachter (2005)’s best practice numerical solution. In unreported results, we verified that analytic
affine approximations to the sensitivity function A (such as in Lopez, Lépez-Salido, and Vazquez-Grande
2015), numerical higher-order perturbation methods using Dynare (Rudebusch and Swanson 2008), and
global projection methods give solutions for Campbell-Cochrane that are economically very different from
Wachter (2005)’s numerical solution. We therefore follow the practice of Wachter (2005) and extend the
numerical grid solution to our setting with multiple state variables, which is facilitated by the log-linear
dynamics of macroeconomic state variables.

Other approaches in the literature are also not appropriate for our problem. While Chen (2017) solves
a model with habit and production using global projection and perturbation methods, his model features
a linear sensitivity function and heteroskedastic consumption. Andreasen (2020) also uses perturbation
methods for a model with heteroskedastic shocks. By contrast, we have homoskedastic consumption and
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the highly nonlinear sensitivity function required to make the real risk-free rate well-behaved means
that perturbation methods do not work well. Similarly, affine term structure models, such as Dai
and Singleton (2000), generate affine relations between risk premia and state variables by assuming
analytically convenient functional forms for the pricing kernel. In contrast to models that assume more
convenient pricing kernels, our preferences are consistent with the standard log-linear New Keynesian
consumption Euler equation and generate conditionally homoskedastic macroeconomic dynamics.

While iterating on a grid is significantly slower than perturbation or global projection methods, it is
not prohibitively so, taking about 2minutes on a standard laptop.

D.1. Implementing the asset pricing recursions

We implement the recursions in Sections C.5.1 and C.5.2 numerically through value function iteration
on a grid. We solve for the functions f,, b,, and b$ using value function iteration along a five-dimensional
state vector. We use a five-dimensional grid, with the first three dimensions corresponding to Z;, the
fourth dimension corresponding to §;, and the fifth dimension corresponding to z;_1.

D.1.1. Grid

In this Section, we use Z , 8,z to denote the corresponding time-t variables. We use superscripts
~ to denote variables in the previous period and T to denote variables in the next period. We solve

numerically for f,,, b,, and b® as functions of the vector of state variables [Z )8, x_}.

Our grid is densest along the § dimension to capture important non-linearities of asset prices with
respect to the surplus consumption ratio. Following Wachter (2005), we choose a grid for the surplus
consumption ratio that consists of an upper segment and a lower segment and covers a wide range of
values for s;. Let Sg.q,1 denote a vector of 20 equally spaced points between 0 and Sp,qr With Speq
included and sgi4,2 a vector of 30 equally spaced points between min (log (Sgria,1)), and —50. The grid
for §; = sy — 5 then consists of the concatenation of sgriq,2 — § and log (Sgrid,1) — 5.

We find that bond and stock prices are close to loglinear in Z and I, so coarser grids are sufficient
along those dimensions of the state vector. In fact, the analytic expressions for f;, b, and bg show that
one-period zero-coupon consumption claims and two-period bond prices are exactly log-linear in Z and
x~. Numerical results indicate that this property translates to longer-period claims and f,, b,, and bi
are still approximately linear in Z and z~ for general n. To speed up the value function iteration, we
therefore use two grid points for each dimension of Z and for z~.

For Z , we use an equal-spaced three-dimensional grid. Let N denote the number of grid points along
each dimension and m the width of the grid as a multiple of the unconditional standard deviation of
Z. For each dimension of Z, we choose a grid of N equal-spaced points with the lowest point equal to
—m x std(Z) and the highest point equal to m X std(Z). Here, the unconditional variance-covariance
matrix of Z is determined implicitly by the equation:

std(Z) = \/BVar (Z) B’ + diag(1,1,1). (A207)

For our baseline grid, we set N = 2 and m = 2.

For x~, we consider an equal-spaced grid with sizexm points ranging from
min (elAZt A= grid) to max (elAZ 7 e gm’d). This choice of grid ensures that the grid for xz~
covers the entire range of output gap values implied by the grid for Z. In our baseline evaluation, we set
sizexm = 2.

With N = 2 grid points along each of the three dimensions of Z, 50 gridpoints for §, and sizexm = 2
grid points for 7, the combined grid has a total of 23 - 50 - 2- = 800 points.

D.1.2. Numerical integration

Following Wachter (2005), we use Gauss-Legendre quadrature to evaluate the expectations (A134),
(A145), and (A150) numerically. Gauss-Legendre quadrature is orders of magnitude faster than
computing expectations by simulation. As in Wachter (2005), we evaluate infinite integrals over the
density of standardized consumption shocks (e1,;) using 40 integration node points and an integration
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domain ranging from —8 standard deviations to +8 standard deviations. To conserve speed and memory,
we integrate over shocks orthogonal to surplus consumption (ez ;) using a somewhat smaller number of
integration node points, 15, but again an integration domain of £+8 standard deviations. To evaluate
bond and stock prices at points that are not on the grid, we use loglinear multi-linear interpolation and
extrapolation.

For completeness, we recap the key features of Gauss-Legendre integration. Let tGL;, i = 1, ..., Ng
and wGL; = 1,..., Ng1, denote the Gauss-Legendre nodes and weights of Ngpth order. Gauss-Legendre
quadrature then approximates a definite integral of any smooth function f on the interval [—1,1] by
ﬁ1 f(z)dx =~ ZiV:GlL wGL; f (xtGL;). By change of variable, it is immediate that we can approximate
the integral of a smooth function f on an interval [—a, a] by

a Ngr

fz)de~ Y axwGLif | axaGL; | . (A208)
-a - |\
wG LY xzGLY
Here, we use tGLY? and wGL? to denote Gauss-Legendre node points and weights scaled to the interval
[—a,al.

We implement Gauss-Legendre quadrature to take expectations over €;41 as follows. Let N7 denote
the number of Gauss-Legendre nodes and a; denote the integration domain for the shock €;,, that
is perfectly correlated with output innovations. We set *GLy,; = zGL;* and wGL,; = wGL;* for
i =1,..., N7, where the weights and nodes are as defined in equation (A208). Moreover, we set

Ny
1
pGLy,; = \/—Q?exp (—.Z‘GL%Z») wGLy;/ ; (

and use the scaled weights pGL; ; for numerical integration. The scaling of (A209) ensures that the
numerical expectation of a constant is evaluated to be the same constant (or intuitively that discretized
probabilities sum to one).

We then evaluate numerically the expectation of any smooth function f of €; ; via:

1
mexp (-2GL7 ) wGLM) , (A209)

E[f(et)] = [ \/12?63317(*6%) f(e1) dex, (A210)
~ _aj \/%exp (—e%) f (e1) deq, (A211)

N1
~ Y pGLyif (¢GLy,;). (A212)

i=1

Accuracy increases with a; and N;. We follow Wachter (2006) in setting N; = 40 and a; = 8.

To take expectations over €5 ; and €3 ;, we similarly use Gauss-Legendre quadrature with integration
domain @z = 8 and number of nodes Ny = 15. We set zGLy; = xGsz and wGLy; = wGLf2 for
i=1,..., N2 and define the scaled weights:

N3
1 1
GLy; = —ex —:cGin wGLo ; <
pGLo, T p ( ) 2, /;:1 or

The weights and nodes for €3 ; are identical to those of €5 ;.
Since €1+, €2+, and e3; are independent, we can evaluate the expectation of any smooth function

exp (—xGL%i) wGLgvi) , (A213)
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f (61,15, €2t 62,t) as

* 1 * 1 > 1
Ef(e11,€24,€30) = / \/—Q?exp (—e%) / \/—Q?exp (—e%) / \/—Q?exp (—eg) f (€1, €2, €3) derdeades,

Ny N
~ ZPGLLZ' ZpGLg)j

i=1 j=1

N3
ZPGLS,kf (l‘GLLi, J;GLQ’J‘, xGLgyk)
k=1

(A214)

D.1.3. Recursive step
Let a superscript ™ denote the numerical counterparts to the analytic functions f,, b,, bfL. We

start by initializing frvm (Z, 3, x_), pum (Z, 5, a:‘), and by (Z, 3, x‘) at each grid point according
to the analytic expressions (A132), (A142) and (A144).
Next, we apply the recursive expressions (A134), (A145), and (A150) along the grid. Having

computed f7* along the entire grid, we evaluate f;/*™ Z,8,2~ ) at a grid point (Z, 8, x_) as follows.

We compute the expectation (A134) numerically as:

N1 N2 N3
fiem(Z,8,27) = log |y pGL1i |y pGLaj |y pGLsy - exp (g+el[B—¢I}A’1Z
i=1 j=1 k=1

—F—(e3 — e2B)AT1Z — %(1 —0)(1 — 23)
—(Y(1+ A(8)) = Doe x 2GL1;

L J}GLL,L‘
—‘y—fng BZ + xGLgJ L0058+ 61 + O™ + A (§) LL‘GLL“ x R
:EGLch
(A215)
where we evaluate x as a function of the state vector as
€T = elA_lz. (A216)

To compute the right-hand-side of (A215), we need to evaluate f’*1* at points that are not on our grid.
We interpolate f*7* linearly (and hence F™"7* log-linearly). When the argument is outside the range of
the grid, we extrapolate f“" linearly. It is clear from (A132) that linear inter- and extrapolation gives a
good approximation of fi. In fact, we can see that f; is exactly linear in Z, independent of z~, and that
it depends on A(8) = Agv/1 — 25. We accommodate the fact that f; is not linear in § by choosing a much
denser grid along the § dimension. We do not have analytic expressions for f,,n > 1 (after all, that’s
why we need a numerical solution), but numerical solutions indicate that linear inter- and extrapolation
gives good approximations for f,, with the chosen grid.

In terms of coding (A215), we face a trade-off between speed and readability of the code. We pre-
allocate matrices outside loops and we code linear interpolation by hand (rather than using a pre-written
interpolation routine) to conserve speed and memory. We also inline the linear interpolation steps (i.e.
write them directly into the main function rather than calling a separate interpolation function). This
speeds up the code substantially, while reducing its readability.

There are different methods to interpolate multidimensional functions. Specifically, we use multi-
linear interpolation, corresponding to interpolating along each dimension one at a time. In order to
enhance computational speed we do not rely on a pre-programmed interpolation routine, instead coding
our own minimal interpolation routine. It is well-known that the result of multi-linear (or in the two-
dimensional case bi-linear) interpolation does not depend on in which order one interpolates the different

arguments. We find it convenient to interpolate f/*7*

(Z, 8, :c’) first along the = dimension, then along

S, then along Zl, and finally along the Z5 and Zs dimensions.
Finally, we evaluate the price-consumption ratio for the aggregate consumption stream by
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approximating it as the sum of the first 300 zero-coupon consumption claims:

prum (Zt7§t,xt,1) = § exp (f;””"(Zt, §t,xt,1)> . (A217)
n=1

We iterate b "™ (Z7 s, x‘) and bi’”“m (Z, 8, x_) similarly according to:

N1 No
™ (Ze b, wio1) = log | pGLi | Y pGLa,
i=1 =1

N3
> pGLsy
k=1

exp (—F —(e3—exB) ATV Z — %(1 — Go)(1 — 23)
=y (1 + X(8)) o x xGLy

L (EGLLi
+bzliql BZ+ ZL‘GLQJ' ,00§+911’+92.’£7 —+ )\(g) QCGLLZ',l' 5
JTGL;),JC
(A218)
and
_ N1 N N3
by (Zey S0, wier) = log |y pGLi | pGLay |y pGLas (A219)
i=1 j=1 k=1
exp (—F e ATIZ - g(l —9o)(1 — 23)
—(y(X1 4+ X(8)) oc + vpiy + n-vec'el) x GLy,;
2
— (vpiz 4+ n - vec*ey) xGLo j + % (O'L)Q
. .’EGLLi
+2mm \ BZ 4+ | 2GLay | 008 + 012 + Ohx™ 4+ A(8) 2GLy, x :
.Z’GLg,k
(A220)

We again use multi-linear interpolation and extrapolation to evaluate bi’f?fm and b"T at points that
are not on the grid. We similarly implement the recursions (A176), (A178), and (A185) numerically to
obtain risk-neutral bond and consumption claim valuations BL™mwm, Brm$mum Grnnum,

D.2. Simulating the Model

We simulate a draw of length 7. Model results in Tables 3, 4, 5, 6, and 7 use T' = 10000 and discard
the first 100 simulation periods to ensure that the system has reached the stochastic steady-state.

We use superscript sim to denote simulated quantities. We use the MATLAB function mvnrnd
to obtain independent draws vi®™ ~ N (0,%,) for t = 1,2,...,7. We then obtain the rotated shock
according to €™ = AT ™ and vtLT’Sim = e, Y07, We generate draws for Zfim, t=1,...,T by setting
Zfim = 0 and then updating according to (A107). We obtain the simulated non-rotated state vector for
t = 1,2,...,T through the relation Y3 = A*Z;W We generate draws for the surplus consumption

ratio by setting 85 = 0 and 2§ = 0 and then updating according to (A116). We generate the
simulated random walk component of inflation vy, ¢t =1, 2,...,T by starting from v}**™ = 0 and updating
it according to equation (A100). We initialize simulated log consumption at ¢§*™* = 0 and update it using

A83). We then drop the first 100 simulation periods to allow the system to converge to the stochastic
P p Y g
steady-state. R
Having generated draws for the five state variables Z*'™, 3% and 27"}, we obtain the simulated

consumption-claim price-dividend ratio as (PC/C’)fim = pnum (Zfim,éfim,xfi’?), n-period real bond
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prices as

sim __ pnum [ r7sim gzsim ,.sim
Pn,t _Bn (Zt y St ’xt—l)a and

Bi’jim = BSnum (Zfim,§fim,xfi"f). We obtain the corresponding risk-neutral valuation ratios by
plugging into the risk-neutral asset pricing solutions:

(PeC)ymeim = rmamm ( Zoim ggim i)

Py = gy (Zpim s, 4, and

B;flt’&sm = prm$num (Zfim, §§im7x§iﬂf). We obtain nominal bond prices ng’m by combining B;*;i”"
and v;%"™ according to (A136). We similarly obtain risk-neutral nominal bond prices P;fz’ss’”m by

combining BZZ@’SB’SM and v} *"™ according to (A136).

To deal with the fact that Zfim, g5im ¥ are not usually on grid points we adopt a similar
linear interpolation strategy as in the numerical evaluation of the asset pricing recursions described
in Section D.1.3. We interpolate F™* BI"“™ and Bﬁ*”um log-linearly. We simplify the interpolation
strategy slightly compared to Section D.1.3. We use the MATLAB function griddedInterpolant, sacrificing
some computational speed for simpler code. Even though rare events (and especially extremely negative
realizations for §) matter for the value function iteration in Section D.1.3, low-probability events have
very little impact on the properties of simulated asset prices taking as given F™ B"um and B¥num
We therefore simplify the log-linear interpolation by truncating Z7, 55", and z{"% at the maximum
and minimum values covered by the grid.

Having generated (%C):m ,t = 1,...,T, we compute log returns on the consumption claim rtcflim
according to (A152). We obtain simulated price-dividend ratios for levered stocks by plugging into

(A159). Finally, we obtain log bond yields and stock and bond excess returns as described in Section

C.5.3. Risk-neutral bond and stock returns are computed by substituting (%C)m’szm, P;;’;*"“;’“'m, and
P,:Z’Sim into the same relations.

We simulate pre-FOMC asset prices as follows. We use the MATLAB function mvnrnd to generate
independent draws for the FOMC shock

UfOMC’Sim ~ N (0, diag ([0,0, (JETQMCf , (angc)ﬂ)), where t = 1, ..., T. Having drawn the FOMC

shock vf OMC.sim we obtain the simulated pre-FOMC component of the overall quarterly simulated shock
as
vfre,sim — ,U.tsim _ ,UtFO]VIC,Sim, (A221)
efre,sim — szfre,sim. (A222)

We then use the simulated values for Zim, Ysim esim gsim g% and ™5 6 compute the simulated
pre-FOMC state vector according to equations (A190) through (A194). We then obtain pre-FOMC
asset prices by substituting the simulated pre-FOMC state vector into equations (A195) through (A194).
Simulated yield changes around FOMC news are then computed according to equations (A201) and
(A204) and simulated FOMC stock returns are obtained according to equation (A206). Quarterly and
high-frequency returns for industry j are generated analogously to market returns but using 8’ instead
of 6.

D.3. Parameter units

This subsection details the relation between parameter values in empirical (reported in the paper)
and natural units (used for solving the code). We solve the model in natural units. However, it is most
natural to report empirical moments and summary statistics in empirical units for interpretability.

For comparability with empirical moments, Table 1 reports model parameters in units that
correspond to the output gap in annualized percent, and inflation and interest rates in annualized percent.
As in Campbell et al. (2020), we report the discount rate and the persistence of surplus consumption in
annualized units. Concretely, Table 1 reports the following scaled parameters (for completeness we also
list parameters where natural and empirical units are the same):
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400 x g, (A223)
5, (A224)

400 x 7, (A225)
03, (A226)

01, (A227)
(A228)

4 x A7, (A229)
Pis (A230)

400 X oprp, (A231)
?, (A232)

§ (A233)

Table 2 lists the following scaled implied parameter values

g, (A234)

S, (A235)
Smaz (A236)
r, (A237)
[ (A238)

% X P, (A239)
0s. (A240)

D.4. Switching off shocks and PC slope in numerical solution

To switch off the shocks we don’t need, we set the following near-zero values for the standard
deviations of the demand, Phillips curve, and long-term inflation target (random walk) shocks. The
exact numerical values are chosen so that the solution remains invertible, but has converged as the shock
volatilities approach zero:

o, = 1077, (A241)
opc = 107, (A242)
orr = 107 (A243)

We set the slope of the Phillips curve to k = 2.4557107°. To ensure that the numerical solutions
work, we need to choose a value for p, = 0.508. We have verified that the exact parameter values for o,
opc, and o7, K and p, do not matter for the asset pricing moments. We have also checked that the
asset pricing moments for real and nominal bonds at these parameter values are identical, so the asset
prices seem to have converged as the volatilities of these no-longer needed shocks converge to zero.

E. Additional Model Results

E.1. Comparative Statics by 61

In this Section, we complement Figure 2 by reporting quarterly stock returns and macroeconomic
moments for different value for the habit parameter 6;. Our baseline calibration corresponds to #; =
—0.90, while the Campbell and Cochrane (1999) preferences correspond to #; = 0. In the top panel of
Table A1, we report the habit coefficients 6;. The parameter 65 is chosen according to equation (16).

The second panel in Table A1l shows quarterly moments of model stock returns. We see that the
equity premium, equity volatility, persistence of price-dividend ratio, and stock return predictability are
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almost completely unaffected by varying #;. The final panel shows macroeconomic moments. As in
Figure 2, we see that the habit parameter 6; matters for output response to a monetary policy shock. In
particular, we need 6; = —0.90 to match the lag and size of the trough output response to a monetary
policy shock in the data.
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Table A1 Quarterly Asset Prices for Different Habit Parameter Values

Parameters Model: Varying 6,
Baseline CC99
01 Data -0.99 -0.95 -0.90 -0.70  -0.50 -0.30 -0.10 0.00
Stocks
Equity premium 7.84 7.23 7.26 7.29 7.39 7.46 7.51 7.55 7.56
Volatility 16.87 14.75 14.81 14.87 15.09 15.25 15.36 15.45 | 15.48
Sharpe Ratio 0.47 049 049 0.49 0.49 049 049 0.49 0.49
AR(1) Coeff. pd 0.92 093 0.93 0.93 093 093 093 0.93 0.93
1-YR Excess Returns on pd -0.38 -0.34 -0.34 -0.34 -0.34 -0.33 -0.33 -0.33 | -0.33
1-YR Excess Returns on pd (R?) 0.23 0.07 0.07 0.07 0.07  0.07 0.07 0.07 0.07
Macroeconomic Dynamics
Std. Annual Consumption Growth 1.5 1.57 1.57 1.55 1.44 1.29 1.15 1.04 1.00
Std. Annual Change fed funds Rate 1.35 2116 2.14 2.13 2.07 204 2.03 203 2.03
Trough Output Response to 100 bps FF Shock -0.7 -0.74 -0.73 -0.71 -0.64 -0.57 -0.51 -0.51 | -0.52
Lag Trough Output Response 4 ) 4 4 3 2 2 1 1

Note: This table solves for quarterly stock return moments and macroeconomic moments at different values for the habit parameter 6;. Our baseline calibration, reported in

Table 3 in the main paper, corresponds to #1 = —0.90. Campbell and Cochrane (1999, CC99) preferences correspond to 1 = 63 = 0. For any value of 01, the parameter 03 is
determined via equation (16) in the main paper.



E.2. Comparative statics by monetary policy rule parameter

In this Section we illustrate comparative statics of our key results across different values for the
monetary policy rule parameter v*. Figure A1l plots key calibration outcomes on the y-axis against the
monetary policy rule parameter v* on the x-axis. Each dot corresponds to a separate model calibration
with a different parameter value for v*. All other parameters are held constant at their baseline values.

The top-left panel shows our benchmark regression coefficient of stock returns onto model high-
frequency monetary policy shocks, exactly as in Table 4 in the main paper. The top-right panel shows
the regression coefficient of 10-year nominal bond yields onto model high-frequency monetary policy
shocks (as in column (2) of Table 7 in the main paper). We see that the stock and nominal bond yield
responses to monetary policy shocks are strong across a very wide range of values %, so our benchmark
high-frequency model results are robust.
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Fig. A1 Model Bond and Stock Responses to Monetary Policy Shocks - Against Monetary Policy Parameter v,
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Note: This figure shows the effects of varying the output gap coefficient in the monetary policy rule, v, on the regression coefficient of stock returns on the fed funds surprise
(as in column 4 of Table 4 in the main paper), the regression coefficient of 10-year nominal bond yields on the fed funds surprise (as in column (1) of Table 7 in the main
paper), the 10-year nominal bond-stock beta, and the slope of the nominal yield curve. Parameter v* ranges from 0.05 to 1.50 (30 grid points). The Phillips curve slope is held

constant at kK = 0 throughout. For each parameter value, asset pricing moments are computed from a simulation of length 10,000.



E.3. Model Robustness: Larger volatility of FOMC' surprises

In this Section, we verify that all our main model results are unchanged if we increase the volatility of
FOMC date shocks by an order of magnitude. In this Section, we show results with o§3M¢ = 4.65bps =
0.0465%, which is somewhat smaller than the value used in the main paper of 6.52bps, and the much the
larger value o£,2M¢ = 46.5bps = 0.465%.

Table A2 compares the model stock return regressions with these different values for the volatility of
FOMC date shocks. All results are numerically almost identical. The only difference to note is that with
oFOMC = 46.5bps the model implies a larger coefficient on FF Shock x (FF Shock >0), i.e. the effect of
monetary policy shocks is somewhat more asymmetric. This is as expected, since risk premia in the model
are convex in consumption shocks but differentiable (i.e. locally linear) when shocks are small. Table A3
shows that the state-contingency of stock responses and bond yield responses are also unchanged when
we increase o ZM by a full order of magnitude. We therefore conclude that our calibration results are

largely insensitive to this parameter within a reasonable range.
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Table A2 Stock Market onto High-Frequency Monetary Policy Shocks — Larger FOMC Date Shocks

Baseline Model: Uf/[%MC = 6.52

FF Shock -6.37  -6.31

FF Shock x (FF Shock >0) -0.07
Robustness Check: oZQMC = 4.65

FF Shock -6.37  -6.31

FF Shock x (FF Shock >0) -0.06
Robustness Check: o FMC = 46.5

FF Shock -6.37 -6.13

FF Shock x (FF Shock >0) -0.44

Note: This table shows model robustness for Table 4 in the main paper, but uses different volatilities of FOMC date shocks O'EI%A{C. For comparison, the main results in Table

4 use Uf\‘;[%MC = 6.52bps. We show model regressions of the form 7’5@%”{0 = bmrt,0 + bmkt’lAFOMCit + Emkt,t, Where rfgg%c is the high-frequency stock market around of

FOMC announcements. Model data is obtained from a simulation of léngth 10,000.
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Table A3 Stock Returns onto High-Frequency Monetary Policy Shocks by Risk Aversion — Larger FOMC Date Shocks

Mkt Utils NoDur HIth Enrgy Shops Telem Manuf Other Durbl HiTec

Baseline Model: O‘]IC{%MC = 6.52

FF Shock -5.39 -2.43 -3.5 -3.5 -3.94 -4.47 -5.12 -5.28 -5.61 -6.69  -7.49
FF Shock x (RA;>Median) -1.97 -0.89 -1.28 -1.28 -1.44 -1.64 -1.87 -1.93 -2.05 -2.44 -2.74
Robustness Check: of QM = 4.65
FF Shock -5.39 -2.43 -3.5 -3.5 -3.94 -4.47 -5.12 -5.28 -5.61 -6.69  -7.49
FF Shock x (RA;>Median) -1.97 -0.89 -1.28 -1.28 -1.44 -1.64 -1.87 -1.93 -2.05 -2.44  -2.74
Robustness Check: ofFMC = 46.5
FF Shock -5.39 -242  -3.50 -3.50 -3.93 447 -5.12 -5.28 -5.60 -6.68  -7.49
FF Shock x (RA;>Median) -1.99 -0.89 -1.29 -1.29 -1.45 -1.65 -1.89 -1.95 =207 -247  -2.777
Note: This table shows model robustness for Table 6 in the main paper, but uses different values for the volatility of FOMC date shocks Uf\'}%M €. It reports model regressions
of the form r;?tOMC =bjo+ bj’lAFOMCit + bj,zAFOMCit(RAt > Median) + b; 3(RA; > Median) 4 €; ;. Here, rftOMC is the high-frequency industry or market return

around FOMC announcements, and A¥OMC5, is the high-frequency fed funds rate shock. Industries are sorted by their quarterly stock market beta from left to right, as in
Table 5. Model data is obtained from a simulation of length 10,000.



9¢

E.4. Model Robustness: Varying the Phillips Curve Slope

In this section, we show that our calibration properties in Table 3 and the baseline stock results in Table 4 are insensitive to setting different
values for the Phillips curve slope parameter k. Our baseline results reported in the main paper correspond to x = 0.0062. Here, we also report xk = 0
(i.e. prices are perfectly sticky), and x = 0.0045 (price-stickiness parameter a = 0.9).

Table A4 Unconditional Quarterly Model Properties

Model

Stocks Data = =0.0015  ~=0.0062
Equity Premium 7.84 7.11 7.34 7.29
Volatility 16.87 17.31 14.98 14.87
Sharpe Ratio 0.47 0.41 0.49 0.49
AR(1) Coeff. pd 0.92 0.94 0.93 0.93
1-YR Excess Returns on pd -0.38 -0.29 -0.33 -0.34
1-YR Excess Returns on pd (R?) 0.23 0.06 0.07 0.07

10-Year Nominal Bonds
Yield Spread 1.87 1.01 0.99 0.94
Volatility Excess Returns 9.35 4.20 2.86 2.57
1-YR Excess Returns on Yield Spread 2.69 -0.30 -0.20 -0.18
1-YR Excess Returns on Yield Spread (R?) 0.14 0.01 0.01 0.01

Macroeconomic Dynamics
Std. Annual Cons. Growth 1.50 1.52 1.54 1.55
Std. Annual Change fed funds Rate 1.35 2.10 2.12 2.13
Trough Output Response to 100 bps fed funds Surprise -0.70 -0.71 -0.71 -0.71

Lag Trough Output Response (Quarters) 4-6 4 4 4




Table A5 Stock Market onto High-Frequency Monetary Policy Shocks

Model
k=0 Overall Risk Neutral Risk Premium
FF Shock -7.41 -7.34 -1.60 -1.60 -5.81  -5.74
FF Shock x (FF Shock >0) -0.09 0.00 -0.09
k = 0.0045
FF Shock -6.41 -6.35 -1.27  -1.26 -5.14  -5.09
FF Shock x (FF Shock >0) -0.07 -0.02 -0.06
k = 0.0062
FF Shock -6.37 -6.31 -1.23  -1.22 -5.13  -5.08
FF Shock x (FF Shock >0) -0.07 -0.02 -0.06

F. Empirical robustness

F.1. Portfolio return regressions

In this Section, we confirm that the cross-sectional results are not specific to industry portfolios,
but instead look similar for beta-sorted portfolios, thereby isolating cyclicality from other industry
characteristics such as duration or financial constraints (Ottonello and Winberry (2020)).

Figure A2 shows the results for beta-sorted portfolios. Beta-sorted portfolios are constructed as
follows.

1. Construct a sample of common stocks traded on NYSE, AMEX, and NASDAQ. Obtain the monthly
return and market cap for each stock.

2. Estimate market beta for each stock i in month m using a 60-month rolling window. This is the
approach for Fama-French portfolios formed on market beta.

(a) For stock i in month m, obtain its monthly returns from month m — 59 to m.

(b) Run the time series regression retr f; s, = Bm X mktr f; s +€; s , using data from the previous
step.

(c) If there are at least 24 valid observations for the regression in the previous step, then let the
estimated (3, be the beta of stock i in month m. Otherwise, beta is missing.

(d) At the end of each quarter g, sort stocks traded on NYSE into 5 portfolios by their beta in
quarter g, and use these NYSE beta breakpoints for all the stocks in our sample. This is the
approach for Fama-French portfolios formed on market beta.

3. On each FOMC date t (in quarter q), obtain the beta breakpoints at the end of quarter ¢ — 1. Then
compute the value-weighted return of each quintile portfolio on day t, where the weights are the
market cap on day t.

We compute the high-frequency returns for the market, industry portfolios, and beta-sorted portfolios
according to Online Appendix A of Nakamura and Steinsson (2018). For security n on day t:

(a) We find the last trade before 2:05pm on day t and define the associated price as the pre-price

pre
Py (n)
(b) We find the first trade within the window [2:35pm on day t; 12pm on day t 4+ 1] and define
the associated price as the post-price pP®**(n)
(¢) The high-frequency return of security n on day t is defined as (p£°**(n)/p?"(n) — 1) x 100

(d) If either p?"(n) or pP°**(n) is missing, then we set the high-frequency return to be missing.

If the high-frequency return is 0, then it means we have non-missingp?”®(n) and p?°**(n), and

post pre

pr o (n) = pi" " (n).
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Fig. A2 Beta-Sorted Portfolios
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Note: This figure is constructed in the same way as Figure 4 in the main paper, but instead of using industry portfolios it
uses five beta-sorted portfolios. 95% confidence intervals for the empirical scaled coefficient b; 1 are shown. Stocks are
sorted quarterly using betas estimated over a 60-month rolling window and NYSE breakpoints. The results are obtained
from a simulation of length 10000.

F.2. Robustness stock response by risk aversion

This Section shows robustness of our empirical finding that stock returns are more sensitive to
monetary policy shocks when risk aversion is high. Table A6 repeats the analysis of Table 6 in the main
paper without including the timing; control, and shows that the interaction FF x (RA;;Median) remains
very similar in magnitude and statistically significant. Further, the coefficients increase monotonically
from small and statistically insignificant to large and statistically significant as we go from the lowest
beta industries to the highest beta industries.

Tables A7 and A8 show that the interaction is similarly negative and statistically significant when
we use a continuous VIX variable rather than a dummy, so our results are not due to splitting the sample
in a particular way. Because the VIX variable in Tables A7 and A8 is standardized to have mean zero
and a unit standard deviation, the magnitudes are not directly comparable to those in Table 6 in the
main paper.
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Table A6 Stock Returns onto High-Frequency Monetary Policy Shocks by Risk Aversion - No Timing Control

Mkt Utils NoDur Hlth Enrgy  Shops  Telem Manuf Other Durbl HiTec

Data - High-Frequency Regression
FF Shock -0.48 -0.99%%  -0.20 0.16 -0.22 -0.58 -0.41 -0.32 -0.75 0.08 -0.85

(0.47)  (047) (0.48)  (0.55)  (0.37)  (0.50)  (0.55)  (0.44)  (0.64)  (0.65)  (0.71)

FF Shock x (RA; >Median) -4.37%%* -1.20 S2.T8FF  _3.20%F  _3.66%F 357K 3.70%F _4.27FFF 5 50%F  _3.98%%F  _5 2%**
(1.59)  (1.27)  (1.20) (1.45) (1.55) (L47) (L.72)  (151)  (2.15)  (1.50)  (1.90)

FF Shock x (RA; >Med) 325%% 018  -1.68  -2.26  -274%  -243% 237 -315FF 438%F  274%  _3.86%F
(L57)  (1.17)  (1.14)  (1.51)  (L51)  (1.46)  (1.52)  (1.43)  (2.15)  (143)  (1.88)

Quarterly Beta

1 0.45 0.65 0.65 0.73 0.83 0.95 0.98 1.04 1.24 1.39
(0.00)  (0.08)  (0.06)  (0.06)  (0.09)  (0.05)  (0.07)  (0.05)  (0.05)  (0.09)  (0.07)

Note: This table is identical to Table 6 in the main paper, except that the empirical results do not control for the monetary policy timing variable. This table reports

regressions of the form TftOMC =bj0+bj1 ATOMCG, 4 b, JAFOMCG (RA, > Median) +bj 3(RA; > Median) +¢;,+ Here, TftOMC is the 30 minute industry or market return
around FOMC announcements computed from TAQ data. AFOMC, is the fed funds rate shock from the current month futures over the same time interval. In the data, we
use the VIX to proxy for high risk aversion RA: while in the model we use the negative surplus consumption ratio. The constant and the dummy coefficient are suppressed in
the table. Industries are sorted by their quarterly stock market beta from left to right, as in Table 5. The empirical sample consists of 202 scheduled FOMC announcements

from January 1994 until March 2019. Heteroskedasticity adjusted standard errors are reported in parentheses below the empirical estimates. *p<0.1; **p<0.05; ***p<0.01.



Table A7 regresses 30 minute returns on the aggregate stock market and industries onto the 30 minute
federal funds rate shock, and the 30 minute federal funds rate shock interacted with the VIX on the day
prior to the FOMC announcements, while controlling for timing;. VIX is standardized to have a unit
standard deviation. The regressions are analogous to Table 6 in the main paper, but rather than using
a VIX dummy we use the continuous VIX variable. Industries are sorted from low to high unconditional
quarterly betas. We see that interaction FF Shock x VIX enters negatively for the market, meaning
that the market declines more in response to a high-frequency monetary policy shock in periods when
the VIX is high. Going from left to right in the table shows that the interaction coefficient becomes more
negative for high-beta industries, such as high-tech, meaning that the state-dependence of the stock return
response to a monetary policy shock is stronger for more cyclical industries. Table A7 therefore confirms
that the empirical state-dependence of the stock return response across high- and low-risk aversion states
is robust to not using a dummy variable. Table A8 shows that results are similar or even larger and more
significant when we do not control for timing changes in the policy rate.
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NoDur

Table A7 Empirical State-Dependence with Continuous VIX Variable

Hith Enrgy Shops Telcm Manuf Other Durbl HiTec
FF Shock -6.367FF -4 98%FK 5 2%k 4 3%k 5 O5¥HK G 12%K  _6.10%HK _5.8GHHE 752K _6.02%HK 7 2%k
(1.05) (0.82) (0.76) (0.96) (1.05) (1.08) (0.91) (0.93) (1.57) (1.04) (1.18)
FF Shock x VIX  -1.10* 0.19 -0.74%* -0.96* -1.01* -0.94%* -1.39* -1.36%* -1.13 -0.98% -1.46%*
(0.57) (0.54) (0.44) (0.53) (0.56) (0.51) (0.80) (0.55) (0.76) (0.55) (0.66)
VIX -0.15%** -0.07 -0.11%F* 0 _0.10%%F  _0.16%*  -0.15%FF  0.14%*  -0.13%*  -0.17FF  -0.16%F  -0.17F**
(0.06) (0.05) (0.04) (0.04) (0.06) (0.05) (0.06) (0.05) (0.08) (0.07) (0.05)
Const. -0.06** -0.01 -0.06*%**  _0.05%*  -0.07**  -0.08%FF -0.09FF*  -0.07** -0.01 -0.07%* Q. 11%%*
(0.03) (0.03) (0.02) (0.02) (0.03) (0.03) (0.03) (0.03) (0.06) (0.03) (0.03)
Nobs 202 202 202 202 202 202 202 202 202 202 202
R? 0.26 0.16 0.28 0.22 0.22 0.28 0.29 0.30 0.13 0.24 0.27

Note: This table shows robustness for the empirical results in Table 6. It reports regressions of the form rftOMC =bjo0+ bj,lAFOMCit + bj,gAFOMCit xVIXi_1+

b 3VIXy 1 4 by jtiming: + €5 Here, rftOMC is the 30 minute industry or market return around FOMC announcements from TAQ and AFOMCy, s the fed funds
rate shock from current month futures over the same time interval. The coefficient on the monetary policy timing variable timing: is suppressed. This table uses
the VIX directly, whereas in the main paper we use a dummy indicating whether the VIX is above or below its full-sample median. VIX is standardized to have a
unit standard deviation. The empirical sample consists of 202 scheduled FOMC announcements from February 1994 until March 2019. Heteroskedasticity adjusted
standard errors are reported in parentheses below the empirical estimates. *p<0.1; **p<0.05; ***p<0.01.
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Table A8 Empirical State-Dependence with Continuous VIX Variable - No Timing Control

Mkt Utils NoDur Hith Enrgy Shops Telcm Manuf Other Durbl HiTec
FF Shock S2.68FFK  _1GTIRR J1BEMRR 13T L2 10% K 2. 38% K Q.07 236K L3647 _1.94%KK U3 34k
(0.78) (0.64) (0.56) (0.69) (0.76) (0.72) (0.71) (0.70) (1.16) (0.73) (0.91)
FF Shock x VIX -1.68*** -0.33 S1L28FHK 1 42%¥k ] 51K J1.52%¥R 9 2%k _1.91F¥*F _174FF _1.63F*F 2.05%**
(0.61) (0.60) (0.49) (0.51) (0.61) (0.53) (0.91) (0.60) (0.79) (0.59) (0.67)
VIX -0.12%* -0.05 -0.09%*  -0.08%*  -0.14**  -0.13** -0.11* -0.10%* -0.14* -0.13%  -0.14%**
(0.06) (0.05) (0.04) (0.04) (0.06) (0.05) (0.06) (0.05) (0.09) (0.07) (0.05)
Const. -0.05 0.00 -0.05%* -0.04 -0.06**  -0.07**  -0.07** -0.05%* 0.00 -0.06* -0.09**
(0.03) (0.03) (0.02) (0.02) (0.03) (0.03) (0.03) (0.03) (0.06) (0.03) (0.03)
N 202 202 202 202 202 202 202 202 202 202 202
R? 0.17 0.05 0.13 0.12 0.15 0.16 0.16 0.19 0.09 0.13 0.19

Note: This table shows robustness for the empirical results in Table 6. It reports regressions of the form T‘FtOMC =bjo+ bjylAFOMCit + bngFOMCit X VIXi_ 1+

75

b; 3VIXy 1 +¢j, Here, r;?tOMC is the 30 minute industry or market return around FOMC announcements from TAQ and AFOMC, is the fed funds rate shock over
the same time interval. This table uses the VIX directly, whereas in the main paper we use a dummy indicating whether the VIX is above or below its full-sample
median. VIX is standardized to have a unit standard deviation. The empirical sample consists of 202 scheduled FOMC announcements from February 1994 until
March 2019. Heteroskedasticity adjusted standard errors are reported in parentheses below the empirical estimates. *p<0.1; **p<0.05; ***p<0.01.



Tables A9, A10, and A1l analyze the ability of the dividend-price ratio to explain variation in
the stock return response to monetary policy shocks. While the dividend-price ratio is the most direct
measure of risk aversion within our model, it also comes with issues for the analysis that we run, leading
us to prefer the VIX for our main analysis. For this robustness exercise, we use the log dividend price
ratio minus a ten year moving average to account for the shift towards persistently higher stock prices
after the late 1990s, and split the sample into periods with above- and below-median dividend price
ratios. While the interaction between the fed funds shock and (dp;;Median) enters negatively in Table
A9, as expected, this interaction is not statistically significant.

However, Table A10 shows that the interaction coefficients become larger in magnitude and significant
for some industry portfolios when we do not control for the timing; variable that captures shifts in the
timing of policy rate changes. One possibility why it might be better to not control for timing; in this
analysis could be if timing, is heteroskedastic in such a way that it is more volatile and correlated with
the fed funds shock when dp; is high. Such heteroskedasticity is not implausible, given that the Fed has
shifted towards forward guidance as a monetary policy tool after stock market crashes, such as the 2001
dotcom bust and 2008-2009.

Because simple de-trending may not appropriately adjust the dividend-price ratio, Table A1l also
analyzes the stock market response to monetary policy shocks by dividend-price ratio starting in 2002,
which is arguably after the persistent shift in stock prices. This table shows that once we exclude the
pre-2002 period, the interaction FF Shock x (dp;;Med) becomes negative and statistically significant,
though still estimated with substantial noise.

Overall, it appears that our conclusions are robust to using the dividend-price ratios, at least once
the shift in the overall level of stock prices and potentially changing monetary policy instruments are
accounted for. However, we still prefer the VIX as our baseline measure, especially within the broader
interpretation of our model as capturing countercyclical risk aversion.
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Table A9 Stock Returns onto High-Frequency Monetary Policy Shocks by Dividend-Price Ratio

Mkt Utils NoDur Hlth Enrgy Shops Telem Manuf Other Durbl HiTec

Data - High-Frequency Regression
FF Shock S5.G2FRE 4 FFRR 4 1QRKK I ETHRRR 3.07FFEF 52RFFE 55K 5. 05%FK LT 2Rk g 5RFFK G 5GHHK
(1.30) (0.74) (0.92) (1.13) (0.98) (1.19) (1.22) (1.12) (2.19) (1.10) (1.51)

FF Shock x (dp, >Med)  -1.21 -0.39 -0.97 -1.27 -3.21 -0.95 -1.09 177 -0.97 -2.08 -0.82
(1.94)  (1.53)  (1.41)  (1.76)  (1.97)  (L.79)  (1.92)  (1.78)  (259)  (1.74)  (2.21)
(dp; >Med) -0.09 -0.01 0.01 -0.03 -0.04 -0.05 -0.01 0.05  -0.29%%%  _0.08 -0.01
(0.06)  (0.05)  (0.05)  (0.05)  (0.06)  (0.06)  (0.06)  (0.05)  (0.11)  (0.06)  (0.07)
Const. -0.01 20.00  -0.06**  -0.03  -0.05*  -0.05  -0.08%%  -0.04 0.14 0.03  -0.09%
(0.04)  (0.03)  (0.03)  (0.03)  (0.03)  (0.04)  (0.03)  (0.03)  (0.09)  (0.03)  (0.05)
N 202 202 202 202 202 202 202 202 202 202 202
R? 0.19 0.13 0.20 0.16 0.14 0.18 0.20 0.22 0.12 0.16 0.18

Note: This table reports regressions of the form rszMC =bjo+ bj,lAFOMCit + bjygAFOMcit(RAt > Median) + bj,3(RAt > Median) + €;,; Here, TJFtOMC is the 30 minute

industry or market return around FOMC announcements computed from TAQ data. AFOMC;, is the fed funds surprise implied by the current month fed funds futures over
the same time interval. In the data, we use the dividend price ratio minus a 10-year moving average to proxy for high risk aversion RA; while in the model we use the negative
surplus consumption ratio. The constant and the dummy coefficient are suppressed in the table. Industries are sorted by their quarterly stock market beta from left to right, as
in Table 5. The empirical sample consists of 202 scheduled FOMC announcements from January 1994 until March 2019. Heteroskedasticity adjusted standard errors are reported
in parentheses below the empirical estimates. *p<0.1; **p<0.05; ***p<0.01.
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Table A10 Stock Returns onto High-Frequency Monetary Policy Shocks by Dividend-Price Ratio - No Timing Control

Mkt Utils NoDur HIth  Enrgy  Shops  Telem  Manuf  Other Durbl HiTec
Data - High-Frequency Regression
FF Shock -1.86%F  -0.95**  -0.76 -0.61 -0.45  -1.59%*  _1.32%*%  _1.40%F -2.92%  -0.64 -2.72%*
(0.80) (0.40) (0.55)  (0.64) (0.38) (0.66) (0.61) (0.62) (1.55)  (0.65) (1.05)
FF Shock x (dp; >Med)  -2.66 -1.62 -2.30 -2.45  -4.22%*% 237 -2.73 -3.18 -2.62  -3.60%  -2.30
(2.07) (1.61) (1.53)  (1.82) (1.99) (1.88) (2.21) (1.96) (2.70)  (1.87) (2.38)
(dps >Med) -0.06 0.02 0.04 -0.00 -0.02 -0.02 0.03 -0.02  -0.26**  -0.05 0.03
(0.06) (0.06) (0.05)  (0.05) (0.06) (0.06) (0.06) (0.06) (0.11)  (0.07)  (0.07)
Const. -0.01 -0.00  -0.07**  -0.03  -0.05* -0.05  -0.08**  -0.04 0.14 -0.03  -0.10%*
(0.04) (0.03) (0.03)  (0.03) (0.03) (0.04) (0.04) (0.03) (0.09) (0.04) (0.05)
N 202 202 202 202 202 202 202 202 202 202 202
R? 0.11 0.05 0.08 0.07 0.10 0.09 0.09 0.13 0.08 0.08 0.12

Note: This table is analogous to Table A9 but it does not control for the monetary policy timing variable.
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Table A11 Stock Returns onto High-Frequency Monetary Policy Shocks by Dividend-Price Ratio 2002-2019 Sample

Mkt Utils  NoDur Hlth Enrgy Shops Telcm Manuf Other Durbl HiTec
Data - High-Frequency Regression
FF Shock 7.57 -3.78 4.51 6.73 -5.72 12.77% 7.97 5.09 7.80 12.07* 11.18
(5.92) (4.69) (4.95) (4.53) (6.13) (6.55) (5.71) (5.64) (6.49) (7.22) (7.06)
FF Shock x (dp; >Med) -14.33** -0.95 -9.42* -11.72** -1.12 -18.87*** _14.74%F _12.05%* -16.09** -18.98** -17.83**
(6.10) (4.81)  (5.05) (4.72) (6.23) (6.69) (5.91) (5.81) (6.72) (7.31) (7.23)
(dp: >Med) -0.12%* -0.04 -0.01 -0.08 -0.07 -0.11%* -0.07 -0.10 -0.21%FF 0. 15%* -0.13*
(0.06) (0.07)  (0.06) (0.06) (0.08) (0.06) (0.07) (0.06) (0.08) (0.08) (0.07)
Const. (0.05) (0.06)  (0.04) (0.04) (0.06) (0.04) (0.05) (0.05) (0.05) (0.05) (0.05)
N 138 138 138 138 138 138 138 138 138 138 138
R? 0.20 0.10 0.16 0.17 0.14 0.18 0.18 0.21 0.20 0.16 0.18

Note: This table is analogous to Table A9 but it uses a sample starting in January 2002.
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