
Online Appendix

The Value of a Cure:

An Asset Pricing Perspective

Viral V. Acharya* Timothy Johnson† Suresh Sundaresan‡ Steven Zheng§

November 2020

*New York University, Stern School of Business, NBER, and CEPR: vacharya@stern.nyu.edu.
†University of Illinois at Urbana-Champaign: tcj@illinois.edu.
‡Columbia University, Graduate School of Business: ms122@columbia.edu.
§New York University, Stern School of Business: steven.zheng@stern.nyu.edu



A Solution to the Regime-Switching Model with 2 States

We derive below the solution to the regime-switching model with just two states. The solution

technique is then applied to solving the regime-switching model with S states.

A.1 Description of States & Regime Switch

State s ∈ {0, 1︸︷︷︸
pandemic

} The transition probabilities are P(st+dt = 1|st = 0) = ηdt and P(st+dt = 0|st =

1) = λdt. Let JJJOff and JJJOn be the two value functions. The HJBs for the two states are:

For the non-Pandemic state

0 = max
c

[
f (C,V) + JJJOff

q

(
l̄αµq− C

)
+

1
2

JJJOff
qq q2 l̄ασ2 + η

[
JJJOn − JJJOff

]]
(A.1)

and for the Pandemic state

0 = max
c,l

[
f (C,V) + JJJOn

q

(
lαµq− C

)
+

1
2

JJJOn
qq q2lασ2 + ζ[JJJOn(q[1− χ∆])− JJJOn(q)] + λ

[
JJJOff − JJJOn

]]
(A.2)

In the Pandemic state, optimal labor supply is

α[µ− 1
2 γσ2]

ζε∆
= l1−α[1− (εl + k + Kl)∆]−γ (A.3)

Define

ν ≡
(

α[µ− 1
2 γσ2]

ζε∆

)− 1
γ

(A.4)

Combine (A.3) and (A.4) to get:

νl∗
1−α

γ = [1− (εl + k + Kl)∆] (A.5)

Or,

χ(l) = εl + k + Kl =
1
∆

[
1− νl

1−α
γ

]
(A.6)

A.1



Assume JJJOn = HOn q1−γ

1−γ and JJJOff = HOff q1−γ

1−γ . Then,

Cs =
(Hs)−θψq

ρ−ψ
(A.7)

A.2 Non-Pandemic state

0 = max
c

[
f (C∗,JJJOff) + JJJOff

q

(
l̄αµq− C∗

)
+

1
2

JJJOff
qq q2 l̄ασ2 + η[JJJOn − JJJOff]

]
(A.8)

1. f (C,JJJ) :

f (C∗,JJJOff) =
ρ

1− ψ−1

(C∗)1−ψ−1 −
(
(1− γ)JJJOff)θ

((1− γ)JJJOff)
θ−1

=
ρ

1− ψ−1

(C∗)1−ψ−1 −
(
(1− γ)JJJOff)θ

((1− γ)JJJOff)
θ−1

=
ρψ

1− ψ−1 (HOff)1−θψq1−γ − ρ

1− ψ−1 HOffq1−γ (A.9)

2. JJJOff
q

(
l̄αµq− C∗

)
:

HOff
(

l̄αµ− (HOff)−θψ

ρ−ψ

)
q1−γ (A.10)

3. 1
2 JJJOff

qq q2 l̄ασ2 :

−1
2

γHOff l̄ασ2q1−γ (A.11)

4. η
[
JJJOn − JJJOff] :

η[HOn − HOff]
q1−γ

1− γ
(A.12)
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HJB simplifies to

0 =
ρψ

1− ψ−1 (HOff)
1−θψ

q1−γ − ρ

1− ψ−1 HOffq1−γ + HOff
(

l̄αµ− (HOff)−θψ

ρ−ψ

)
q1−γ

− 1
2

γHOff l̄ασ2q1−γ + η
[

HOn − HOff
] q1−γ

1− γ
(A.13)

Cancelling out q1−γ

0 =
ρψ

1− ψ−1 (HOff)1−θψ − ρ

1− ψ−1 HOff + HOff
(

l̄αµ− (HOff)−θψ

ρ−ψ

)
− 1

2
γHOff l̄ασ2 + η

[
HOn − HOff

] 1
1− γ

(A.14)

Dividing by HOff, we get:

0 =
ρψ

1− ψ−1 (HOff)−θψ − ρ

1− ψ−1 +

(
l̄αµ− (HOff)−θψ

ρ−ψ

)
− 1

2
γl̄ασ2 + η

[
HOn

HOff − 1
]

1
1− γ

(A.15)

=
ρψψ−1

1− ψ−1 (HOff)−θψ − ρ

1− ψ−1 + l̄αµ− 1
2

γl̄ασ2 + η

[
HOn

HOff − 1
]

1
1− γ

(A.16)

=
ρψψ−1

1− ψ−1 (HOff)−θψ − ρ

1− ψ−1 + l̄αµ− 1
2

γl̄ασ2 + η

[
HOn

HOff − 1
]

1
1− γ

(A.17)

=
ρψ

ψ− 1
(HOff)−θψ(1− γ)− ρ(1− γ)

1− ψ−1 + (1− γ)l̄α

(
µ− 1

2
γσ2

)
+ η

[
HOn

HOff − 1
]

(A.18)

Define

g(l̄,0) ≡ ρ(1− γ)

(1− ψ−1)
− l̄α(1− γ)(µ− 1

2
γσ2) (A.19)

Then, (A.18) can be written as:

0 =
ρψ

ψ− 1
(HOff)−θψ(1− γ)− g(l̄,0) + η

[
HOn

HOff − 1
]

(A.20)

Rearranging

HOff =

( g(l̄,0)− η
[

HOn

HOff − 1
]

(1− γ) ρψ

ψ−1

)− 1
θψ

(A.21)
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Define

1 + δ ≡ HOn

HOff (A.22)

Then, we get:

HOff =

(
g(l̄,0)− ηδ

(1− γ) ρψ

ψ−1

)− 1
θψ

(A.23)

A.3 Pandemic state

0=max
C,l

[
f (C∗,JJJOn)+ JJJOn

q

(
lαµq−C∗

)
+

1
2

JJJOn
qq q2lασ2 + ζ

[
JJJOn(q[1− χ∆])− JJJOn(q)

]
+λ

[
JJJOff − JJJOn

]]
(A.24)

1. f (C,JJJ) :

f (C∗,JJJOn) =
ρ

1− ψ−1

(C∗)1−ψ−1 −
(
(1− γ)JJJOn)θ

((1− γ)JJJOn)
θ−1

=
ρ

1− ψ−1

(C∗)1−ψ−1 −
(
(1− γ)JJJOn)θ

((1− γ)JJJOn)
θ−1

=
ρψ

1− ψ−1 (HOn)1−θψq1−γ − ρ

1− ψ−1 HOnq1−γ (A.25)

2. JJJOn
q

(
lαµq− C∗

)
:

HOn
(

lαµ− (HOn)−θψ

ρ−ψ

)
q1−γ (A.26)

3. 1
2 JJJOn

qq q2 l̄ασ2 :

−1
2

γHOnlασ2q1−γ (A.27)

4. ζ[JJJOn(q[1− χ∆])− JJJOn(q)]

ζ
[

HOn(q[1− χ∆])− HOn(q)
]

q1−γ 1
1− γ

(A.28)
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5. λ
[
JJJOff − JJJOn] :

λ
[

HOff − HOn
] q1−γ

1− γ
(A.29)

HJB simplifies to

0 =
ρψ

1− ψ−1 (HOn)1−θψq1−γ − ρ

1− ψ−1 HOnq1−γ + HOn
(

l̄αµ− (HOn)−θψ

ρ−ψ

)
q1−γ

− 1
2

γHOnlασ2q1−γ + ζ[HOn([1− χ∆])1−γ − HOn]q1−γ 1
1− γ

+ λ
[

HOff − HOn
] q1−γ

1− γ
(A.30)

Cancelling out q1−γ

0 =
ρψ

1− ψ−1 (HOn)1−θψ − ρ

1− ψ−1 HOn + HOn
(

l̄αµ− (HOn)−θψ

ρ−ψ

)
− 1

2
γHOnlασ2 + ζ[HOn([1− χ∆]1−γ − 1)]

1
1− γ

+ λ
[

HOff − HOn
] 1

1− γ
(A.31)
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Dividing by HOn, we get:

0 =
ρψ

1− ψ−1 (HOn)−θψ − ρ

1− ψ−1 +

(
l̄αµ− (HOn)−θψ

ρ−ψ

)
− 1

2
γlασ2 + ζ[([1− χ∆]1−γ)− 1]

1
1− γ

+ λ

[
HOff

HOn − 1
]

1
1− γ

(A.32)

=
ρψ

1− ψ−1 (HOn)−θψ − ρ

1− ψ−1 +

(
l̄αµ− HOn−θψ

ρ−ψ

)
− 1

2
γlασ2 + ζ[([1− χ∆]1−γ)− 1]

1
1− γ

+ λ

[
HOff

HOn − 1
]

1
1− γ

(A.33)

=
ρψψ−1

1− ψ−1 (HOn)−θψ − ρ

1− ψ−1 + l̄αµ

− 1
2

γlασ2 + ζ[([1− χ∆]1−γ)− 1]
1

1− γ
+ λ

[
HOff

HOn − 1
]

1
1− γ

(A.34)

=
ρψψ−1

1− ψ−1 (HOn)−θψ(1− γ)− ρ(1− γ)

1− ψ−1

+

[
l̄αµ− 1

2
γlασ2 + ζ[([1− χ∆]1−γ)− 1]

1
1− γ

]
(1− γ) + λ

[
HOff

HOn − 1
]

(A.35)

=
ρψ

ψ− 1
(HOn)−θψ(1− γ)− ρ(1− γ)

1− ψ−1 + (1− γ)l̄α

(
µ− 1

2
γσ2

)
+ ζ[([1− χ∆]1−γ)− 1] + λ

[
HOff

HOn − 1
]

(A.36)

Define

g(l,ζ) ≡ ρ(1− γ)

(1− ψ−1)
− lα(1− γ)(µ− 1

2
γσ2)− ζ[([1− χ(l)∆]1−γ)− 1] (A.37)

Then, (A.24) can be written as:

0 =
ρψ

ψ− 1
(HOn)−θψ(1− γ)− g(l,ζ) + λ

[
HOff

HOn − 1
]

(A.38)

Rearranging

HOn =

( g(l,ζ)− λ
[

HOff

HOn − 1
]

(1− γ) ρψ

ψ−1

)− 1
θψ

(A.39)

A.6



Using the definition of δ

HOn =

( g(l,ζ) + λ δ
1+δ

(1− γ) ρψ

ψ−1

)− 1
θψ

(A.40)

We can solve for δ from (A.23) and (A.40).

A.7
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