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Third step: risk-premia
Risk-premia processes:

π1 (y1 (t)) = α1λ1(1) +
¡
β1λ1(1) + λ2(1)

¢
y1 (t) (inflation)

π2 (y2 (t)) = α2λ1(2) +
¡
β2λ1(2) + λ2(2)

¢
y2 (t) (industrial production)

π3 (y3 (t)) = α3λ1(3) +
¡
β3λ1(3) + λ2(3)

¢
y3 (t) (unobservablef factor)

Estimate Std error
Inflation
λ1(1)
λ2(1)

6.4605
−0.1159

2.2012
0.0109

Ind. Prod.
λ1(2)
λ2(2)

53.6863
2.6201

6.4605
0.6845

Unobs.
λ1(3)
λ2(3)

2.2079
3.7559

0.9462
1.1159
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Predictions of the model

• We feed the model with macroeconomic data only (inflation and industrial
production) and average over the unobserved factor through 1000 dynamic
simulations.
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Price changes predicted by the model
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Price changes: Data vs model
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Instantaneous volatility predicted by the model
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Volatility: Data vs model
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Big picture: Returns and volatility
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Decomposition

Percentage reductions in stock volatility and vol of vol

average std dev
without y1 ≈ 0 ≈ 0
without y2 11% 78%
without y3 69% −95%

• Shut down the gross inflation channel, y1.

— No sizeable effects → inflation seems to play a quite marginal role as a
determinant of stock market volatility, and its cyclical properties.

• Industrial production growth plays a quite important role.
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— Fixing y2,t at its long run mean leads to about a 10% reduction in the
average level of volatility

— The third unobservable factor is key in explaining the level of stock volatility
∗ when y3,t is taken out of the picture, the average level of volatility drops
by nearly 70%.

— industrial production is needed to explain the cyclical swings of stock
volatility that we observe in the data.
∗ When y2,t is frozen, the standard deviation of the model-implied stock
volatility drops dramatically to 78%.
∗ When, instead, y3,t is frozen, we even observe an increase in the variability
of stock volatility, of about 95%.
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Freezing the unobserved factor, y3
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Freezing the macroeconomic factors
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• Main conclusion:

— the level of stock volatility can not be explained by macroeconomic variables
only.

— Some unobservable factor is needed.
— Yet the same unobservable factor can not explain the variability in stock
volatility.
∗ the volatility of stock volatility, can be explained by the cylical variations
in stock volatility, which our model captures through the relation between
asset returns and industrial production growth.
∗ These swings are actually amplified by the presence of the persistent
unobservable factor.
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Next, the VIX index, and the volatility risk-premia

Remember,

• The VIX index predicted by the model is,r
1

T − t

r
E
³R T

t
σ2 (y (u)) du

¯̄̄
y (t)

´
,

where T − t = 12−1, E is the conditional expectation under the risk-neutral
probability, σ2 (y) is the instantaneous variance predicted by the model, and
y is the vector of three factors: (i) inflation, (ii) industrial production growth,
and (iii) one unobservable factor, obtained through 1000 dynamic simulations.
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• Risk-premia processes are all positive and countercyclical

• So in bad times, the risk-premium goes up and future expected economic
conditions even worsen, under the risk-neutral probability, which boosts future
expected volatility, under the same risk-neutral probability.

• In part because of these effects, the VIX index predicted by the model is
countercyclical.

• Expected future volatility is countercylical, under the physical probability, only
because volatility is countercyclical.

• We expect volatility risk-premia to be largely countercyclical, given our
estimates
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• The volatility risk-premium predicted by the model is,

VRP(y (t)) ≡
1

T − t
E T

t σ2 (y (u)) du y (t) − E
T
t σ2 (y (u)) du y (t) ,

where E is the conditional expectation under the physical probability.
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Results
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The Risk Neutral tilt:
Reading business cycle expectations from the VIX index
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Cyclical properties of the volatility risk-premia
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Conclusion
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• Analyzes how stock market volatility and volatility risk-premia relate to the
development of the business cycle.

— No-arbitrage: returns and volatility are endogeneous
— Delicate identification issues

• Measurement methodology: Combined use of macroeconomic factors and risk-
adjusted measures of stock price volatility — the VIX Index

• Statistical inference
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• Main messages,

— The level of stock market volatility stems from some quite persistent
unobservable factor.

— This unobservable factor, alone, can not explain the rich dynamics of
volatility - only (and partially) its level.

— The business cycle is largely responsible for the random fluctuations of stock
volatility around its level

— Volatility risk-premia are countercyclical, certainly more so than stock
volatility alone.
∗ Such a countercyclical behavior arises because the risk-compensation for
the fluctuation in the macroeconomic factors is large and countercyclical
∗ These aspects might make the volatility premium anticipate the
development of the business cycle in bad times.
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— Paper with Fabio Fornari (2009): “Financial Volatility and Economic Activity”

Forecasting stock market volatility
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