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The Background for this Paper
• How to measure the beliefs of investors?

• Breeden, Litzenberger (1978): extract from option prices
◦ But only risk neutral beliefs (preferences+beliefs)

• Extracting actual beliefs from risk neutral beliefs:
◦ Ross (2015): we can do it under quite general conditions!

◦ Borovička, Hansen, Scheinkman (2016): no we cannot!

• Extracting Et [RM − Rf ] bounds from risk neutral beliefs:
◦ Martin (2017): Cort [mT · RM,T , RM,T ] ≤ 0

◦ Tetlock, McCoy, Shah (2024): mT = 1/RGmax
T

◦ Chabi-Yo, Loudis (2020): Max Et [u(WT )] → mT ∝ u
′
(RM,T )

◦ This Paper: Max Et [u(WT )] with intertemporal hedging
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The Innovation in this Paper
• Extracting Et [RM − Rf ] bounds from risk neutral beliefs

◦ Chabi-Yo, Loudis (2020): Max Et [u(WT )] → mT ∝ u
′
(RM,T )

◦ This Paper: Max Et [u(WT )] with intertemporal hedging

• From prior work:

Et [RM − Rf ] = R−1
f ,t · COV∗

t
[
m−1 , RM

]
= E∗

t [m−1]−1 · COV∗
t

[
m−1 , RM

]
• Theoretical innovation: Max Et [u(WT )] with trading at T1 < T

m−1
T1

≈ 1 +
a1,t

Rf ,T1
· (RM,T1 − Rf ,T1 ) +

a2,t

R2
f ,T1

· (RM,T1 − Rf ,T1 )2 +
a3,t

R2
f ,T

·E∗
T1

[
(RM,T − Rf ,T )2

]
• Empirical innovation: measuring (and evaluating)

1) LEV∗
t = COV∗

t
[
E∗

T1 [(RM,T − Rf ,T )2] , RM,T1

]
2) E∗

t M∗(2)
T1→T = E∗

t
[
E∗

T1 [(RM,T − Rf ,T )2]
]
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1) The Relation to the Prior Literature
• Extracting Et [RM − Rf ] bounds from risk neutral beliefs:

◦ Martin (2017): Cort [mT · RM,T , RM,T ] ≤ 0

◦ Tetlock, McCoy, Shah (2024): mT = 1/RGmax
T

◦ Chabi-Yo, Loudis (2020): Max Et [u(WT )] → mT ∝ u
′
(RM,T )

◦ This Paper: Max Et [u(WT )] with intertemporal hedging

• First page:

“Chabi-Yo and Loudis (2020) and Tetlock, McCoy, and Shah (2024)
extend the approach of Martin (2017a) and provide estimates for
the equity risk premium that account for higher-order risks, still in a
one-period model...[this] simplifies the analysis, but at the expense
of strong assumptions. In particular, the risks of future shifts in the
economic environment...are ignored.”
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◦ Chabi-Yo, Loudis (2020): Max Et [u(WT )] → mT ∝ u
′
(RM,T )

◦ This Paper: Max Et [u(WT )] with intertemporal hedging

• But the first two papers allow for intertemporal hedging
◦ Martin (2017): negative correlation condition

* Et [RM − Rf ] expression holds for log utility investor

* But the expression still holds (as lower bound) in general

◦ Tetlock, McCoy, Shah (2024): Et [m · R] = 1 for RM & options

* mT = 1/RGmax
T satisfies Et [RM − Rf ] = R−1

f ,t ·COV∗
t [m−1 , RM ]

* No need for RGmax
T = RM (log utility representative investor)
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◦ This Paper: Max Et [u(WT )] with intertemporal hedging

• Better way to motivate your paper (in my view)

◦ Sharper preferences structure ⇒ better extracted beliefs

◦ But only if the preference structure imposed is correct

◦ Your paper is a test of whether intertemporal motives matter

◦ You find that they do matter to extract Et [RM − Rf ]

◦ This also adds to the intertemporal asset pricing literature
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2) Avoid Measuring E∗
tM∗(2)

T1→T

• The empirical performance comes from two terms:

1) LEV∗
t = COV∗

t
[
E∗

T1 [(RM,T − Rf ,T )2] , RM,T1

]
2) E∗

t M∗(2)
T1→T = E∗

t
[
E∗

T1 [(RM,T − Rf ,T )2]
]

• But you do not need the second term

• Just use Rf ,t = E∗
t [m−1] in

Et [RM − Rf ] = R−1
f ,t · COV∗

t
[
m−1 , RM

]
= E∗

t [m−1]−1 · COV∗
t

[
m−1 , RM

]
• Then only LEV∗

t is an additional term on Et [RM − Rf ] expression

• Better to avoid measuring E∗
t M∗(2)

T1→T (with ad hoc assumption)
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3) Use Rf Implied from Option Prices

• Model implies:

m−1
T1

≈ 1 +
a1,t

Rf ,T1
· (RM,T1 − Rf ,T1 ) +

a2,t

R2
f ,T1

· (RM,T1 − Rf ,T1 )2 +
a3,t

R2
f ,T

·E∗
T1

[
(RM,T − Rf ,T )2

]
• You use zero coupon Treasury yields from Liu, Wu (2021)

• But option traders do not borrow at the Treasury yields

• Directly use the cost of borrowing from option traders

• Extract from option prices: Binsbergen, Diamond, Grotteria (2022)

• Even more important after you impose Rf ,t = E∗
t [m−1]



5/7

The Paper My Comments Final Remarks

3) Use Rf Implied from Option Prices

• Model implies:

m−1
T1

≈ 1 +
a1,t

Rf ,T1
· (RM,T1 − Rf ,T1 ) +

a2,t

R2
f ,T1

· (RM,T1 − Rf ,T1 )2 +
a3,t

R2
f ,T

·E∗
T1

[
(RM,T − Rf ,T )2

]
• You use zero coupon Treasury yields from Liu, Wu (2021)

• But option traders do not borrow at the Treasury yields

• Directly use the cost of borrowing from option traders

• Extract from option prices: Binsbergen, Diamond, Grotteria (2022)

• Even more important after you impose Rf ,t = E∗
t [m−1]



5/7

The Paper My Comments Final Remarks

3) Use Rf Implied from Option Prices

• Model implies:

m−1
T1

≈ 1 +
a1,t

Rf ,T1
· (RM,T1 − Rf ,T1 ) +

a2,t

R2
f ,T1

· (RM,T1 − Rf ,T1 )2 +
a3,t

R2
f ,T

·E∗
T1

[
(RM,T − Rf ,T )2

]
• You use zero coupon Treasury yields from Liu, Wu (2021)

• But option traders do not borrow at the Treasury yields

• Directly use the cost of borrowing from option traders

• Extract from option prices: Binsbergen, Diamond, Grotteria (2022)

• Even more important after you impose Rf ,t = E∗
t [m−1]



5/7

The Paper My Comments Final Remarks

3) Use Rf Implied from Option Prices

• Model implies:

m−1
T1

≈ 1 +
a1,t

Rf ,T1
· (RM,T1 − Rf ,T1 ) +

a2,t

R2
f ,T1

· (RM,T1 − Rf ,T1 )2 +
a3,t

R2
f ,T

·E∗
T1

[
(RM,T − Rf ,T )2

]
• You use zero coupon Treasury yields from Liu, Wu (2021)

• But option traders do not borrow at the Treasury yields

• Directly use the cost of borrowing from option traders

• Extract from option prices: Binsbergen, Diamond, Grotteria (2022)

• Even more important after you impose Rf ,t = E∗
t [m−1]



5/7

The Paper My Comments Final Remarks

3) Use Rf Implied from Option Prices

• Model implies:

m−1
T1

≈ 1 +
a1,t

Rf ,T1
· (RM,T1 − Rf ,T1 ) +

a2,t

R2
f ,T1

· (RM,T1 − Rf ,T1 )2 +
a3,t

R2
f ,T

·E∗
T1

[
(RM,T − Rf ,T )2

]
• You use zero coupon Treasury yields from Liu, Wu (2021)

• But option traders do not borrow at the Treasury yields

• Directly use the cost of borrowing from option traders

• Extract from option prices: Binsbergen, Diamond, Grotteria (2022)

• Even more important after you impose Rf ,t = E∗
t [m−1]



5/7

The Paper My Comments Final Remarks

3) Use Rf Implied from Option Prices

• Model implies:

m−1
T1

≈ 1 +
a1,t

Rf ,T1
· (RM,T1 − Rf ,T1 ) +

a2,t

R2
f ,T1

· (RM,T1 − Rf ,T1 )2 +
a3,t

R2
f ,T

·E∗
T1

[
(RM,T − Rf ,T )2

]
• You use zero coupon Treasury yields from Liu, Wu (2021)

• But option traders do not borrow at the Treasury yields

• Directly use the cost of borrowing from option traders

• Extract from option prices: Binsbergen, Diamond, Grotteria (2022)

• Even more important after you impose Rf ,t = E∗
t [m−1]



5/7

The Paper My Comments Final Remarks

3) Use Rf Implied from Option Prices

• Model implies:

m−1
T1

≈ 1 +
a1,t

Rf ,T1
· (RM,T1 − Rf ,T1 ) +

a2,t

R2
f ,T1

· (RM,T1 − Rf ,T1 )2 +
a3,t

R2
f ,T

·E∗
T1

[
(RM,T − Rf ,T )2

]
• You use zero coupon Treasury yields from Liu, Wu (2021)

• But option traders do not borrow at the Treasury yields

• Directly use the cost of borrowing from option traders

• Extract from option prices: Binsbergen, Diamond, Grotteria (2022)

• Even more important after you impose Rf ,t = E∗
t [m−1]



6/7

The Paper My Comments Final Remarks

Some Other Comments
• Two years seems too short to capture intertemporal dynamics

◦ But I am not sure what to do about it

• Measuring LEV∗
t and E∗

t M∗(2)
T1→T

◦ You assume M∗(2)
T1→T = θt · (RM,T1 − Rf ,T1 )2 + ϵt

◦ This is an important (ad hoc) assumption

◦ It needs better motivation (support through simulations?)

• The time-varying optimal investor horizon
◦ Doubt it captures investors changing their investment horizon

◦ Just relative strength of market risk vs intertemporal hedging

◦ Good Times: intertemporal hedging relatively more important

◦ Gonçalves (2021, JF) provides a model with this feature

◦ It explains the equity term structure cyclicality (Section III.B.3)
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Final Remarks

• Paper improves extraction of Et [RM − Rf ] from option prices

◦ Theoretically: it incorporates intertemporal hedging

◦ Empirically: it measures the intertemporal hedging terms

◦ Result: new Et [RM − Rf ] performs better than alternatives

• It would be useful to:

◦ Change the motivation of the paper

◦ Impose Rf ,t = E∗
t [m−1] to avoid measuring E∗

t M∗(2)
T1→T

◦ Extract Rf ,t from option prices

• Good luck!
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