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sources of risk

Aggregate shocks

∙ neutral TFP xt
∙ ‘embodied’ shock ξt that improves new vintages of capital

Idiosyncratic shocks

∙ Households: uninsurable innovation risk dNIi,t
∙ embodied shock ξt amplifies idiosyncratic risk
∙ similar to Constantinides and Duffie

∙ Firms: time-varying ability to turn innovation into projects
∙ generates cross-sectional firm heterogeneity
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households

Preferences

∙ Epstein–Zin (high estimated IES and risk aversion)
∙ preference for relative consumption
∙ magnifies SDF exposure to redistributive shocks

∙ random death shocks at rate δh

Wealth accumulation

∙ wealth share wn,t = Wn,t/Wt conditional on survival
dwn,t
wn,t

= δhdt︸︷︷︸
accidental bequests

+
λ

µI

ηνt
Wt

(
dNIi,t − µIdt

)
︸ ︷︷ ︸

innovation risk

∙ dNIi,t counts innnovation arrivals
∙ νt value of a newly created project (function of ξt)
∙ η share of project value retained by innovator

∙ wealthy households lived long and innovated a lot
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wealth and markets

Tradable household wealth Wt = Vt + Gt + Ht (traded in complete markets)

∙ Vt market value of existing projects in firms

Vt =
∫ 1

0
Et

∑
j∈If,t

∫ ∞

t

Λs
Λt

πj,sds

df
∙ Gt market value of investment opportunities that accrues to shareholders

Gt = (1− η)

∫ 1

0
Et
[∫ ∞

t

Λs
Λt

λf,sνsds
]
df

∙ Ht market value of human capital

Ht = Et
[∫ ∞

t
e−δh(s−t) Λs

Λt
wsds

]
Incomplete markets for value of new projects ηνt retained by innovators
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firms

A firm is a collection of projects with different vintages

∙ profit flow for project j

πj,t = max
Lj,t

(
uj,t exp

(
ξτ(j)

)
kj,t
)ϕ (extLj,t)1−ϕ

∙ τ(j) is the inception time of project j

Project size kj,τ(j) chosen at project inception

ντ(j)
.
= max

kj,τ(j)

{
Et

[∫ ∞

τ(j)

Λs
Λt

πj,sds
]
− k1/αj,τ(j)

}

∙ convex cost
∙ once project created, capital only depreciates
∙ the only dynamic decision related to innovation in the model
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growth and value firms

Probability of receiving a project varies over time

∙ 2-state Markov chain, arrival intensities λH > λL, transition probability(
−µL µL

µH −µH

)

This generates ‘growth’ and ‘value’ firms

∙ growth firms are those with high arrival intensity λf
∙ high chance of getting new project is insurance against ξ shock

∙ also those will small existing size kf
∙ a new project in a large firm makes less of a difference
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risk prices and risk exposures

Risk premia are generated by interaction of

∙ exposures of cash flows to risk
∙ investor compensations for these exposures
∙ e.g., linear factor models

E
[
Rit − Rft

]
=
∑
k

βikλk

∙ in a nonlinear model, this is a complicated object

Borovička, Hansen and Scheinkman (2011, 2014)

∙ shock-exposure elasticities: sensitivities of expected cash flows to shocks
∙ shock-price elasticities: compensations per unit of exposure
∙ functions of cash flow maturity =⇒ term structure of risk
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shock-price elasticities and term structure of risk premia

Table 6: Term structure moments

Maturity 1y 2y 3y 4y 5y 6y 7y 8y 9y 10y

Yield, average 2.1% 2.1% 2.2% 2.2% 2.3% 2.4% 2.4% 2.5% 2.5% 2.6%
Yield, volatility 0.7% 0.7% 0.7% 0.7% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6%
Excess return, mean 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.7% 0.8% 0.9%
Excess return, volatility 0.3% 0.6% 0.8% 1.1% 1.4% 1.6% 1.8% 2.0% 2.2%

Table reports the moments for the term structure of real interest rates that is implied by the model under the baseline
calibration. Bond excess returns are reported in excess of the risk-free rate. We report median moments across 1,000
simulations of the model.

marginal increase in the exposure of that cashflow to a time-t shock; they are essentially risk prices

across different horizons. These marginal risk prices potentially vary across horizons based on

how the shock D propagates. To conserve space, we refer the reader to our Online Appendix and

Borovička et al. (2014) for more details of the computation.

Figure 6: Shock-price elasticities

A. Response to x: disembodied shock B. Response to ξ: embodied shock
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Figure plots shock-price elasticities of the aggregate dividend process D to the two technology shocks in the model.
We construct the shock exposures taking into account the nonlinear nature of equilibrium dynamics: we introduce an
additional shock of magnitude σ

√
dt at time 0 + dt without altering the realizations of all future shocks. We then scale

the resulting impulse responses by 1/
√
dt. We compute these elasticities at the mean of the stationary distribution of

ω.

We plot the estimated shock price elasticities with respect to the two technology shocks in

Figure 6. We see that the marginal risk prices are essentially flat across horizons. This pattern

implies that the model’s implications about the term structure of risk premia stem mostly from the

dynamics of cash flows – the impulse response of dividends in column (4) of Figure 2. Specifically, we

see in Panel A that the contribution of the dividend dynamics induced by x to the equity premium

rises modestly with the horizon. Panel B implies the opposite pattern; the contribution of the

dividend dynamics induced by ξ to the equity premium is concentrated in the short and medium run,

and the rise in long-run dividends contributes negatively to the equity premium. Thus, the equity

35

∙ term structure of risk prices essentially flat
∙ frequent outcome under recursive preferences

∙ slope in term structure of risk premia must arise from shock exposures
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aggregate shock-exposure elasticities

A. Response to x: disembodied shock
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B. Response to ξ: embodied shock

Output Investment Consumption Dividends Labor income

0 20 40
0

2

4

6

years
0 20 40

0

5

10

years
0 20 40

0

2

4

6

years
0 20 40

−4

−2

0

2

4

years
0 20 40

0

2

4

years

∙ dividend exposure to ξt increases, interacting with negative price elasticity
∙ =⇒ downward sloping term structure of risk premia
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shock-exposure elasticities and value premium

Figure 5: Technology Shocks and Firms
This figure plots the dynamic response of firm profits, investment, dividends and stock prices to the two technology
shocks x and ξ in the model. We construct the impulse responses taking into account the nonlinear nature of
equilibrium dynamics: we introduce an additional one-standard deviation shock at time t = 0 without altering the
realizations of all future shocks. We report separate results for two types of firms. The solid line represents the
responses for a Growth firm, defined as a firm with λf,t = λH and kf,t = 0.5. The dotted line indicates the responses
for a value firm, defined as a firm with low investment opportunities λf,t = λL and large size kf,t = 2. For both firms,
the level of average profitability is equal to its long-run mean, uf,t = 1. The initial value of the state variable ω is set
to its unconditional mean, ω0 = E[ωt]. Columns one and four plot percentage changes, columns two and three plot
changes in the level (since both dividends and investment need not be positive) normalized by the aggregate dividend
and investment at time t = 0.

A. Response to x: disembodied shock
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B. Response to ξ: embodied shock
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on their proceeds from innovation. Third, household preferences are affected by their consumption

relative to the aggregate economy. Here, we examine how important these three features are for the

quantitative performance of the model. In addition, we estimate an extended version of the model

that allows for limited stock market participation.

3.3.1 Sensitivity to modeling assumptions

We estimate three restricted versions of the model. The first version sets η = 0, which effectively

completes the markets for innovation outcomes. In this case, all proceeds from new projects accrue

to financial market participants. The second restricted model constrains h = 0 so that households

have no preferences over relative consumption. The third restricted model features no embodied

28

∙ growth firms (solid) less exposed to disembodied shock xt
∙ … and more exposed to the embodied shock ξt (negative price!)
∙ CAPM failure: difference mainly in ξt (risk premium generated by xt)

9/11



pricing of the embodied shock

Generating the value premium

∙ heterogeneous exposures to the embodied shock ξt
∙ embodied shock must carry a meaningful price of risk

Exposure of the SDF to ξt

∙ aggregate consumption not sufficiently exposed
∙ ξt is partly a redistribution shock

∙ interaction of uninsurable idiosyncratic shocks with ξt needed
∙ amplification through keeping-up-with-the-Joneses preferences
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questions

Median/mean consumption generated by the mechanism

∙ these households are likely not the innovators
∙ rather look at inequality in the right tail (exclude non-innovators)
∙ median/mean perhaps more related to human capital (job polarization)

Persistence µL of high innovation state and arrival intensity λH

∙ strong asymmetry in persistence µL = 0.283, µH = 0.015
∙ strong asymmetry in arrival intensity λH = 8.588, λL = 0.122
∙ support in the data on persistence of growth/value sorting?

Size v market-to-book

∙ In the model, high kj firms should have higher expected returns
∙ arrival of a new (small) project matters less for a large firm =⇒ less insurance

∙ test on the 3-factor model?
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