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@ Previous literature proposed long-run risk (e.g. Bansal and
Yaron (2004) exogenous growth endowment model)

e Endogenous growth generates long-run risk (Kung and
Schmid (2015) in a production model)

e 1. Without closed-form illustration it is unclear how
endogenous growth produces procyclical price-consumption
ratio (see also Bansal et al. 2010)

@ 2. Unlike previous literature we match R&D spending-to-GDP
ratio, the driver of endogenous growth

@ 3. Patent obsolescence is the key to calibrate low growth rate
and low risk-free rate (precautionary savings effect)

@ 4. Numerical solution (third-order perturbation)
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A simplified endogenous growth model

R&D spending-to-GDP in US data 1953-2023
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We target US data 1929-2017: i) E[Ac] = 1.82, ii)
o[Ac]bc = 1.34, iii) E[R&D/GDP] = 2.46 (1953-2017), iv) and
risk-free rate, E[r¢] = 2.40 (inconsistent with US data).
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A simplified endogenous growth model

The simplified endogenous growth model of Fornaro and
Wolf (2023)

@ 3 main equations + shock process:
1 1
o 1. Risk-free Euler: 1 =3 (th—tl) Y G
@ 2. Investment Euler:
1— 1 -
h ¢ — (m) (gwaH_lL +(1- ¢)St+1)

3. Market clearing: VZ;L = ¢; + s,
Shock process: log(Zi41/Z) = Zt41 = pZt + 028141
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Loglinear macro model-decomposition

Decomposition

We decompose expected consumption growth into:

~total -~ =~
E:ACTY = E[ACii1 + 8ri1]
—— =
cyclical trend

= YeEi[AZp11] +7g2¢

= V(l=p)zt + 75 Z¢ (1)
————— ~—
sign:— sign:+
where
Ct = Yczt and grq1 = Vgt (2)

where variables are written in log-deviation from steady-state:
¢t = log(ct/c) and giy1 = log(Ge41/G)



Loglinear macro model-decomposition

Sensitivity of the cyclical,—(1 — p)~. and trend, ~,
components of expected consumption growth to
parameters and growth rate, g
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Circles: benchmark calibration. p is the AR(1) of the shock, ( is
the curvature of the investment function, ¢ is patent obsolescence,
g is growth rate, v is elasticity of intertemporal substitution, and &
is the gross markup.
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Loglinear macro model-decomposition

Sensitivity of total expected consumption growth,
—(1 — p)yc+7e to params. and growth rate, g
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Circles denote benchmark calibration. Note: expected consumption
growth rises to positive shocks if persistence of the shock is high,
p > 0.95.
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Lognormality assumption for asset pricing

Loglinear-lognormal asset pricing

@ 1. macroeconomic model is loglinearised.

@ 2. asset are priced with i) Epstein-Zin preferences with pricing
kernel

)
g [ Ct+1 v o9-1
M1 = ( c Gt+1) Fet+l

t
and ii) lognormality assumption:
0 = Ee[mes1 + rees1] + 3 Vard[mes + re e41]
e where the return, rc s11 follows Campbell-Shiller (1988):

total
fe,t+1 = Ko + K1Pc,t+1 — Pe,t + ACH-l .

@ Guess that price-consumption ratio: pc: = 1o + 112¢, where
1o and 7 coefficients to be determined.
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Lognormality assumption for asset pricing

When asset prices rise to positive technology shocks?

Price-consumption ratio as a function of technology shocks:

(1 —1/9)[=c(1 = p) + 7]
1—kK1p

m =

)

Takeaway: the price-consumption ratio is procyclical, n; > 0 only
when the shock is rather persistent, p > 0.95 and ) = EIS > 1.
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Lognormality assumption for asset pricing

Closed-forms for equity premium and risk-free rate

o Levered equity premium:

DlevlogEe[exp(re 11— rr.t)] = Plev¥Vch1m o2+ dres (1 — O)K3n o2
CRRA Epstein—Zin,0#1

@ Risk-free rate:

rre = —log(ﬂ)+a—@(— Ye(1 = p) +7g)ze —*7 *12043)

without uncertainty conditional on the shock, z: CRRA, prec. savings

+%(1/¢ — (L —ios + (9 — V)winios

Epstein-Zin, precautionary savings
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Lognormality assumption for asset pricing

Importance of the growth rate, g and R&D
spending-to-GDP ratio, 1 — s,

Circles denote benchmark calibration.
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Equity premium (total)
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Comparision with non-linear solution

Table 2: Empirical and Simulated Moments
US data LL LL+SV NL NL:SV NLI
(1) (2) (3) (1) (5)

E[s]v)] 246 246 246 259 266 240
E[A™] 1.82 1.82 1.82 248 305 1.77
ACT(Ac ) 0.48 0.08 037  0.05
a(Actetal) 2,10 0.65 065 265 409  2.63
a(Actty(be)  1.34 134 1.67 1.35
a(Ad)(ge) 081 0.32 0.66  0.30
Elry] 0.32 1.72 138 245 257 240
o(ry) 278 025 197 1.02 1.52  0.98
o(rs)(be) 1.54 013 019  0.12
a(ry)(ge) 1.30 0.23 0.32 0.23
e Blre—ry] 581 102 149 130 143 0.31
a(re) 1949 537 654 1516 3519  5.54
o(r.)(be) 17.03 519 1126 2.75
a(re)(ge) 4.74 1.18 5.16 1.10
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Summary

Summary

@ The trend component of consumption growth generate rising
asset prices to positive shocks if the shock is persistent
enough.

o Patent obsolescence keeps the risk-free rate low.

@ Small rises in the R&D spending-to-GDP ratio has large
effects on growth and risk-premia at the stochastic
stead-state.

@ When R&D spending-to-GDP is calibrated to US data at the
stochastic steady-state the fit of the model to financial
moments is poor.
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