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Proof of Proposition 1.
Using the steady-state utilities we find that USI > UGO when y < Y1 ≡ φδ (x+ z) /(1 + φδ2). We

can see that dY1dz , dY1dx > 0. Moreover,

dY1

dφ
=
δ (x+ z)

(
1 + φδ2

)
− φδ (x+ z) δ2

[1 + φδ2]2
=

δ (x+ z)

[1 + φδ2]2
> 0.

2

Derivation of Contagiousness Curve (CO).
We know from Proposition 1 that for y < Y1 individuals choose SI , and therefore never go out. For

y ≥ Y1 individuals choose GO. Let $GO|0
t denote the fraction of these individuals at time t that is not

infected and goes out, $GO|1 the fraction that is infected (but asymptomatic) and goes out, and$ILL the

fraction that is ill and stays home. By definition, $GO|0
t +$

GO|1
t +$ILL

t = 1. Moreover, everyone who

is ill in t was asymptomatic in t − 1: $ILL
t = $

GO|1
t−1 . The portion φ of people that were uninfected in

t− 1 and went out, are infected (but asymptomatic) in t: $GO|1
t = φ$

GO|0
t−1 . In the steady-state we have

$k ≡ $k
t = $k

t−1 = $k
t−2 = ..., k = {GO|0, GO|1, ILL}. Consequently, the equilibrium is defined

by (i) $GO|0 +$GO|1 +$ILL = 1, (ii) $ILL = $GO|1, and (iii) $GO|1 = φ$GO|0. Using (ii) in (i)

we get $GO|0 = 1− 2$GO|1. Using this in (iii) yields $GO|1 = φ
1+2φ . Consequently, $GO|0 = 1

1+2φ .

Using the expressions for $GO|0 and $GO|1, we get

µCO(φ) =

φ
1+2φ [1− Ω (Y1)]

1+φ
1+2φ [1− Ω (Y1)]

=
φ

1 + φ
.

1University of Oxford, Saïd Business School, Park End Street, Oxford OX1 1HP, United Kingdom, e-mail:
thomas.hellmann@sbs.ox.ac.uk.

2Queen’s University, Smith School of Business, Goodes Hall, 143 Union Street, Kingston, Ontario, Canada K7L 3N6,
e-mail: thiele@queensu.ca.

1



Note that µCO(0) = 0. Moreover,

dµCO(φ)

dφ
=

1

[1 + φ]2
> 0.

Proof of Proposition 2.
Solving φIN (µ) for µ we get

µIN (φ) =
1

1− λ

[
1− (1− φ)

1
M

]
.

Note that µIN (0) = 0, µIN (1− λM ) = 1, and

dµIN (φ)

dφ
=

1

1− λ
1

M
(1− φ)

1
M
−1 > 0.

Thus, µIN (1− λM ) = 1 > φ > µCO (φ). Moreover, we have µIN (φ) < µCO (φ) for small φ when

dµIN (φ)

dφ

∣∣∣∣
φ=0

<
dµCO (φ)

dφ

∣∣∣∣
φ=0

= δ (x+ z) .

This condition is equivalent to

M > M̃ ≡ 1

1− λ

[
dµCO (φ)

dφ
|φ=0

]−1

=
1

1− λ
[δ (x+ z)]−1 .

Thus, for M > M̃ there exists a stable equilibrium with φ∗ > 0. For M ≤ M̃ the only equilibrium is

φ∗ = 0. Finally note that dµIN (φ)
dM < 0 and dµIN (φ)

dλ > 0. 2

Proof of Proposition 3.
Recall from Proof of Proposition 1 that USI > UGO when y < Y1 = φδ (x+ z) /(1 + φδ2).

Moreover, comparing the other expected utilities we get

USI > UTE if y < Ŷ1 ≡
φδ [βx+ z] + c

φ
(
1− αδ

)
+ φ (β + δ2)

,

UTE > UGO if y > Ŷ2 =
φδ
[
1− δ

(
φ
(
1− αδ

)
+ φδ2

)]
(x+ z)− [φδ (βx+ z) + c]

[
δ + φδ

(
1− δ2

)]
1− φ

(
1− αδ

)
(1 + φδ)− φ

[
φδ3 +

(
1− δ

(
φ+ φδ2

))
β
] .
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Note that Ŷ1 is defined by UTE − USI = 0, where USI = 0. Implicitly differentiating Ŷ1 w.r.t. k =

c, α, β, we get dŶ1
dk = −∂UTE

∂k /∂U
TE

∂y , k = c, α, β, with ∂UTE

∂k < 0 and ∂UTE

∂y > 0. Thus, dŶ1dk > 0.

Moreover, Ŷ2 is defined by UGO − UTE = 0. Implicit differentiating Ŷ2 w.r.t. k = c, α, β,

dŶ2

dk
=

<0︷ ︸︸ ︷
∂UTE

∂k

(1+φδ2)

δ+φδ(1−δ2)
−
[
φ
(
1− αδ

)
+ φδ2

]
+ φβ

1− δ
[
φ
(
1− αδ

)
+ φδ2

]︸ ︷︷ ︸
≡T (α,β)

k = c, α, β.

T (α, β) is decreasing in α and increasing in β. Consequently, it is sufficient to evaluate the denominator

at α = 0 and β = 1 to show that it is positive. We get

T (0, 1) =

(
1 + φδ2

)
δ + φδ (1− δ2)

.

Thus, the denominator is strictly positive for all α, β ∈ [0, 1). Consequently, dŶ2dk < 0.

Next, we derive the optimal choices for different values of z. Suppose for a moment that c is suffi-

ciently low, so that some individuals choose TE (i.e., Ŷ2 > Ŷ1 for some z > 0). For c = 0 and z = 0

we find that Ŷ1(z = 0) < Ŷ2(z = 0) if

0 < φ
(
1− αδ

)
− βφ+ φδ2 (1− β) .

Note that the RHS of this condition is decreasing in α and β. Evaluating this condition at the highest

possible values of α and β, α = β = 1/2, this condition becomes

0 < φ

(
1− 1

2
δ

)
− 1

2
φ+

1

2
φδ2 ⇔ 0 < φ

(
1− δ

)
+ φδ2,

which is clearly satisfied. Thus, Ŷ1(z = 0) < Ŷ2(z = 0) for all α, β ∈ [0, 1/2). Next, we show that

Y1(z = 0) > Ŷ1(z = 0) for c = 0, which is equivalent to

φ
(
1− αδ

)
+ φ

(
β + δ2

)
> β

(
1 + φδ2

)
⇔ 1 > β + αδ.

Note that α, β < 1
2 , so that this condition as satisfied. Thus, Y1(z = 0) > Ŷ1(z = 0) for c = 0.

Moreover, dŶ1dz > dY1
dz if

φδ

φ
(
1− αδ

)
+ φ (β + δ2)

>
φδ

1 + φδ2
⇔ 1 > φ

(
1− αδ

)
+ φβ.
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Note that the RHS is decreasing in α and increasing in β. Thus, if this condition is satisfied for α = 0

and β = 1
2 , then is it also satisfied for all α, β ∈ [0, 1

2). Evaluating this condition at α = 0 and β = 1
2 ,

we get 0 > −1
2φ, which is clearly satisfied. Thus, dŶ1dz > dY1

dz . This implies that for sufficiently low c,

there exists a threshold z∗, so that Y1(z∗) = Ŷ1(z∗). At z = z∗ we have UGO = UTE = USI = 0,

and therefore, Y1(z∗) = Ŷ1(z∗) = Ŷ2(z∗), with Ŷ1(z) < Ŷ2(z) for z < z∗. Consequently, individuals

choose (i) SI for all y < Ŷ1, (ii) TE for all Ŷ1 ≤ y < Ŷ2, and (iii) GO for all y ≥ Ŷ2. For z ≥ z∗ no

one chooses TE.

Finally, z∗ is defined by Ŷ1(z∗)− Ŷ2(z∗) = 0, or equivalently Ŷ1(z∗)− Y1(z∗) = 0 (as UGO(z∗) =

UTE(z∗) = USI = 0); see Proof of Proposition 1 for Y1). Implicit differentiating z∗ w.r.t. c we get

dz∗

dc
= −

dŶ1
dc −

dY1
dc

dŶ1
dz −

dY1
dz

,

where dŶ1
dc > 0 and dY1

dc = 0. Moreover, we have dŶ1
dz > dY1

dz , because

φδ

φ
(
1− αδ

)
+ φ (β + δ2)

>
φδ

1 + φδ2
⇔ φ (1− β) > −φαδ,

which is clearly satisfied. Consequently, dz
∗

dc < 0. Moreover, note that limc→∞ Ŷ1 =∞ and limc→∞ Ŷ2 =

−∞. Thus, there exists a threshold ĉ so that z∗(ĉ) = 0. For c ≥ ĉ we have Ŷ1(z) > Ŷ2(z) for all z > 0;

in this case no individual chooses TE for all z ≥ 0. 2

Proof of Proposition 4.
Consider the individuals that choose TE (i.e., Ŷ1 ≤ y < Ŷ2 for z < z∗). Let ηGO|0t denote the

fraction of these individuals at time t that is not infected and goes out (correct negative test), ηGO|1t

the fraction that is infected and goes out (incorrect negative test), ηSI|0t the fraction that is not infected

and self-isolates (incorrect positive test), ηSI|1t the fraction that is infected and self-isolates (correct

positive test), and ηILLt the fraction that is ill and stays home. By definition, ηGO|0t + η
GO|1
t + η

SI|0
t +

η
SI|1
t + ηILLt = 1. Moreover, everyone who is ill in t was infected (but asymptomatic) in t− 1: ηILLt =

η
GO|1
t−1 +η

SI|1
t−1 . Everyone going out and being infected in t, went out in t−1, got infected, and got a false-

negative test: ηGO|1t = φβη
GO|0
t−1 . Everyone self-isolating and being infected in t, went out in t − 1, got

infected, and got a correct positive test: ηSI|1t = φ (1− β) η
GO|0
t−1 . Everyone self-isolating in t and being

uninfected, went out in t − 1, did not get infected, and got an incorrect positive test: ηSI|0t = φαη
GO|0
t−1 .

In the steady-state we have ηk ≡ ηkt = ηkt−1 = ηkt−2 = ..., k = {GO|0, GO|1, SI|0, SI|1, ILL}. Thus,

the equilibrium is defined by the following equations: (i) ηGO|0 +ηGO|1 +ηSI|0 +ηSI|1 +ηILL = 1, (ii)

ηILL = ηGO|1 + ηSI|1, (iii) ηGO|1 = φβηGO|0, (iv) ηSI|1 = φ (1− β) ηGO|0, (v) ηSI|0 = φαηGO|0.

Using (ii), (iii), (iv), and (v), in (i), we get ηGO|0 = 1
1+2φ+φα

. Consequently, ηGO|1 = φβ

1+2φ+φα
.
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The CO-curve is then given by

µCO (φ) =

φ
1+2φ

[
1− Ω

(
Ŷ2

)]
+ φβ

1+2φ+φα

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ1

)]
1+φ
1+2φ

[
1− Ω

(
Ŷ2

)]
+ 1+φβ

1+2φ+φα

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ1

)]

= φ
1 + 2φ+ φα+ β (1 + 2φ) Θ

(1 + φ)
(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

, Θ =
Ω
(
Ŷ2

)
− Ω

(
Ŷ1

)
1− Ω

(
Ŷ2

) .(A.1)

We get
dµCO (φ)

dk
=
∂µCO (φ)

∂Ŷ2

∂Ŷ2

∂k
+
∂µCO (φ)

∂Ŷ1

∂Ŷ1

∂k
+
∂µCO (φ)

∂k
, k = c, α, β.

Note that

∂µCO (φ)

∂Θ
= φ

β (1 + 2φ)
[
(1 + φ)

(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

][
(1 + φ)

(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

]2
−φ
[
1 + 2φ+ φα+ β (1 + 2φ) Θ

]
[(1 + φβ) (1 + 2φ)][

(1 + φ)
(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

]2 .
This is negative if

β (1 + 2φ)
[
(1 + φ)

(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

]
<

[
1 + 2φ+ φα+ β (1 + 2φ) Θ

]
[(1 + φβ) (1 + 2φ)]

⇔ β (1 + φ)
(
1 + 2φ+ φα

)
< (1 + φβ)

(
1 + 2φ+ φα

)
⇔ β < 1.

This is clearly satisfied. Thus, ∂µCO(φ)
∂Θ < 0. We can also see that ∂Θ

∂Ŷ2
> 0 and ∂Θ

∂Ŷ1
< 0. Thus,

∂µCO(φ)

∂Ŷ2
< 0 and ∂µCO(φ)

∂Ŷ1
> 0. We also know from Proposition 3 that ∂Ŷ2∂k < 0 and ∂Ŷ1

∂k > 0, k = c, α, β.

And we can see that ∂µCO(φ)
∂c = 0. Moreover,

∂µCO (φ)

∂α
= φ

φ
[
(1 + φ)

(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

]
−
[
1 + 2φ+ φα+ β (1 + 2φ) Θ

]
(1 + φ)φ[

(1 + φ)
(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

]2 .

This is positive if

(1 + φβ) (1 + 2φ) Θ > β (1 + 2φ) Θ (1 + φ) ⇔ 1 > β,
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which is clearly satisfied. Thus, ∂µCO(φ)
∂α > 0. Moreover,

∂µCO (φ)

∂β
= φ

(1 + 2φ) Θ
[
(1 + φ)

(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

][
(1 + φ)

(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

]2
−φ

[
1 + 2φ+ φα+ β (1 + 2φ) Θ

]
[φ (1 + 2φ) Θ][

(1 + φ)
(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ

]2 .
This is positive if

(1 + φ)
(
1 + 2φ+ φα

)
+ (1 + φβ) (1 + 2φ) Θ >

[
1 + 2φ+ φα+ β (1 + 2φ) Θ

]
φ

⇔
(
1 + 2φ+ φα

)
+ (1 + 2φ) Θ > 0,

which is always satisfied. Thus, ∂µCO(φ)
∂β > 0. All this implies that dµCO(φ)

dk > 0, k = c, α, β.2

Proof of Proposition 5.
Let ω(y) denote the pdf of y. Note that USI = 0. Taking the total derivative of W w.r.t. k,

k = c, α, β, we get
dW

dk
=
∂W

∂φ

dφ∗

dk
+
∂W

∂k
.

Recall from Proposition 4 that dφ
∗

dk > 0. Moreover,

∂W

∂φ
=

[
UTE

(
Ŷ2

)
− UGO

(
Ŷ2

)]
ω
(
Ŷ2

) dŶ2

dφ
− UTE

(
Ŷ1

)
ω
(
Ŷ1

) dŶ1

dφ
+

∫ Ŷ2

Ŷ1

∂UTE

∂φ
Ω (y)

+

∫ ∞
Ŷ2

∂UGO

∂φ
Ω (y) .

At y = Ŷ1 we have UTE
(
Ŷ1

)
= USI = 0, and at y = Ŷ2 we have UTE

(
Ŷ2

)
= UGO

(
Ŷ2

)
. Moreover,

∂UGO

∂φ
=

[
δ2y − δ (x+ z)

] [
δ + φδ

(
1− δ2

)]
−
[(

1 + φδ2
)
y − φδ (x+ z)

]
δ
(
1− δ2

)[
δ + φδ (1− δ2)

]2 ,

which is negative if

[
δ2y − δ (x+ z)

] [
δ + φδ

(
1− δ2

)]
<
[(

1 + φδ2
)
y − φδ (x+ z)

]
δ
(
1− δ2

)
.

This condition can be simplified to 0 < (1− δ) y+(x+ z) δ, which is always satisfied. Thus, ∂U
GO

∂φ < 0.

Recall that UTE is defined by (4). Let

F ≡ −c+ φα
(
y + δUTE

)
+ φαδ

(
y + δUTE

)
+ φβ

(
δ
(
−z + δ

(
y + δUTE

)))
+φβ

(
y + δ

(
−x− z + δ

(
y + δUTE

)))
− UTE .
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We get

∂F

∂UTE
= φαδ + φαδδ + φβδδδ + φβδδδ − 1 = −

[
1− δ + φδ

(
1− δ2

)
+ φαδ (1− δ)

]
< 0.

Moreover, defining A ≡ y + δUTE , we get

∂F

∂φ
= −αA− αδA+ β (δ (−z + δA)) + β (y + δ (−x− z + δA)) .

We can show that this is negative if

αA+ αδA+ δ (z − δA) + β (δx− y) > 0.

Note that the LHS is increasing z. Thus, if this condition is satisfied for z = 0, it is also satisfied for all

z > 0. Evaluating this condition at z = 0, we get

αA+ αδA− δ2A+ β (δx− y) > 0.

We know that δx > y for individuals that choose TE. Thus, this condition is satisfied if

αA+ αδA− δ2A > 0 ⇔ 1− α (1− δ)− δ2 > 0.

The LHS is decreasing in α. Thus, we can evaluate this condition at the highest possible α, α = 1/2,

and get

1 + δ − 2δ2︸ ︷︷ ︸
≡Ψ(δ)

> 0.

Note that Ψ(δ) is increasing in δ for δ < 1/4, and decreasing in δ for δ > 1/4. Moreover, we have

Ψ(0) = 1 > 0 and Ψ(1) = 0. Thus, this condition is satisfied for all δ ∈ [0, 1), so that ∂F
∂φ < 0.

Consequently,

∂UTE

∂φ
= −

<0︷︸︸︷
∂F

∂φ
∂F

∂UTE︸ ︷︷ ︸
<0

< 0.

This implies that ∂W∂φ < 0.

Likewise, noting that ∂U
GO

∂k = 0, we get

∂W

∂k
=
[
UTE

(
Ŷ2

)
− UGO

(
Ŷ2

)]
ω
(
Ŷ2

) dŶ2

dk
− UTE

(
Ŷ1

)
ω
(
Ŷ1

) dŶ1

dk
+

∫ Ŷ2

Ŷ1

∂UTE

∂k
dΩ(y).
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Again, at y = Ŷ1 we have UTE
(
Ŷ1

)
= USI = 0, and at y = Ŷ2 we have UTE

(
Ŷ2

)
= UGO

(
Ŷ2

)
.

Moreover, recall from Proposition 3 that dŶ1
dk > 0 and dŶ2

dk < 0. We can also immediately see that
∂UTE

∂k < 0. Thus, ∂W∂k < 0. All this implies that dWdk < 0, k = c, α, β.2

Proof of Proposition 6.
First, recall from Proposition 3 that ∂Ŷ1(α,β)

∂k > 0 and ∂Ŷ2(α,β)
∂k < 0, k = α, β. Thus, Ŷ1 (0, 0) <

Ŷ1 (α, β), and Ŷ2 (0, 0) > Ŷ2 (α, β), for α, β > 0.

The number of individuals that go out (GO) and are infected, is given by

NGO
1 = $GO|1

[
(1− ξ)

[
1− Ω

(
Ŷ2 (α, β)

)]
+ ξ

[
1− Ω

(
Ŷ2 (0, 0)

)]]
.

The number of individuals that test (TE) and are infected (false negative test), is

NTE
1 = ηGO|1

[
(1− ξ)

[
Ω
(
Ŷ2 (α, β)

)
− Ω

(
Ŷ1 (α, β)

)]
+ ξ

[
Ω
(
Ŷ2 (0, 0)

)
− Ω

(
Ŷ1 (0, 0)

)]]
.

The total number of people going out (GO and TE with negative tests), is given by

N =
(
$GO|0 +$GO|1

) [
(1− ξ)

[
1− Ω

(
Ŷ2 (α, β)

)]
+ ξ

[
1− Ω

(
Ŷ2 (0, 0)

)]]
+
(
ηGO|0 + ηGO|1

) [
(1− ξ)

[
Ω
(
Ŷ2 (α, β)

)
− Ω

(
Ŷ1 (α, β)

)]
+ ξ

[
Ω
(
Ŷ2 (0, 0)

)
− Ω

(
Ŷ1 (0, 0)

)]]
.

The CO-curve is therefore given by

µCO(φ) =
NGO

1 +NTE
1

N
.

We get

dµCO(φ)

dξ
=

[
−$GO|1∆Ω

(
Ŷ2

)
+ ηGO|1

[
∆Ω

(
Ŷ1

)
+ ∆Ω

(
Ŷ2

)]]
N[

N
]2

−

[
NGO

1 +NTE
1

] [
−
(
$GO|0 +$GO|1)∆Ω

(
Ŷ2

)
+ ηGO|1

[
∆Ω

(
Ŷ2

)
+ ∆Ω

(
Ŷ1

)]]
[
N
]2 ,

where ∆Ω
(
Ŷ1

)
= Ω

(
Ŷ1 (0, 0)

)
−Ω

(
Ŷ1 (α, β)

)
< 0 and ∆Ω

(
Ŷ2

)
= Ω

(
Ŷ2 (0, 0)

)
−Ω

(
Ŷ2 (α, β)

)
>

0. Using the expressions for NGO
1 , NTE

1 , and N , we find that dµCO(φ)
dξ < 0 if

[
−$GO|1∆Ω

(
Ŷ2

)
+ ηGO|1C

] [(
$GO|0 +$GO|1

) [
A− ξ∆Ω

(
Ŷ2

)]
+
(
ηGO|0 + ηGO|1

)
[B + ξC]

]
<
[
$GO|1

[
A− ξ∆Ω

(
Ŷ2

)]
+ ηGO|1 [B + ξC]

] [
−
(
$GO|0 +$GO|1

)
∆Ω

(
Ŷ2

)
+
(
ηGO|0 + ηGO|1

)
C
]
,
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where

A = 1− Ω
(
Ŷ2 (α, β)

)
> 0

B = Ω
(
Ŷ2 (α, β)

)
− Ω

(
Ŷ1 (α, β)

)
> 0

C = ∆Ω
(
Ŷ2

)
−∆Ω

(
Ŷ1

)
> 0.

Simplifying this condition we get

ηGO|1
[
AC +B∆Ω

(
Ŷ2

)](
$GO|0 +$GO|1

)
< $GO|1

[
AC +B∆Ω

(
Ŷ2

)](
ηGO|0 + ηGO|1

)
.

⇔ $GO|0 +$GO|1

$GO|1 <
ηGO|0 + ηGO|1

ηGO|1
.

Using the expressions for $GO|0, $GO|1, ηGO|0, and ηGO|1 (see the derivation of the CO-curve in this

appendix, and Proof of Proposition 4), we can write this condition as

1 + φ

φ
<

1 + φβ

φβ
⇔ β (1 + φ) < (1 + φβ) ⇔ β < 1,

which is clearly satisfied. Thus, dµCO(φ)
dξ < 0.2

Proof of Proposition 7.
Re-deriving the expected utility UGO we get

UGO =

(
1 + φδ2

)
(1− τ)y − φδ (x+ z)

δ + φδ (1− δ2)
.

The expected utilities UTE and USI = 0 do not depend on τ , and therefore do not change. We then find
that UTE > UGO if

y > Ŷ2(τ) ≡
φδ
[
1− δ

(
φ
(
1− αδ

)
+ φδ2

)]
(x+ z)− [φδ (βx+ z) + c]

(
δ + φδ

(
1− δ2

))
1− φ

(
1− αδ

)
(1 + φδ)− φ [φδ3 + (1− δ (1− φ+ φδ2))β]− τ (1 + φδ2)

[
1− δφ

(
1− αδ

)] .
Using (A.1) (see Proof of Proposition 4) we get

dµCO (φ)

dτ
=
∂µCO (φ)

∂Ŷ2

∂Ŷ2

∂τ
.

We know from Proof of Proposition 4 that∂µCO(φ)

∂Ŷ2
< 0. Moreover, we can immediately see that

∂Ŷ2(τ)
∂τ > 0. Consequently, dµCO(φ)

dτ < 0.2
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Proof of Proposition 8.
Using the steady-state utilities we find that UCI > UPI when y < Ŷ ′1 ≡ φz/(1 − φδ). Moreover,

we have UPI > UTE when

y < Ŷ ′′1 ≡
[
1−

(
1− φδ

)
δ2
]

[φδ (βx+ z) + c]−
[
1− δ

(
φ
(
1− αδ

)
+ φδ2

)]
δφz

φδ (1− α) +
[
1−

(
1− φδ

)
δ2
]
φβ

.

We can immediately see that dŶ
′
1

dk = 0, k = c, α, β. Moreover, noting that Ŷ ′′1 is defined by UTE−UPI =

0, we get

dŶ ′′1
dk

= −

<0︷ ︸︸ ︷
∂UTE

∂k
φ
(
1− αδ

)
+ φδ2 + φβ

1− δ
[
φ
(
1− αδ

)
+ φδ2

]︸ ︷︷ ︸
≡S(α,β)

− δ(1−φδ)
1−(1−φδ)δ2

, k = c, α, β.

Note that S(α, β) is decreasing in α and increasing in β. Thus, to show that the denominator is positive,

it is sufficient to evaluate the denominator at α = 1 and β = 0. We then find that S(1, 0) =
δ(1−φδ)

1−(1−φδ)δ2
.

This implies that the denominator is strictly positive for all α, β ∈ [0, 1/2). Consequently, dŶ
′′
1

dk > 0.

Next, we derive the optimal choices for different values of y. Note that Ŷ ′1(z = 0) = Ŷ ′′1 (z = α =

β = c = 0) = 0. We also know that dŶ ′′1
dk > 0, k = α, β, c. Thus, Ŷ ′1(z = 0) < Ŷ ′′1 (z = 0) for

α, β, c > 0. Moreover, it is easy to see that dŶ
′
1

dz > 0. Thus, there exists a z′ such that Ŷ ′1(z′) = Ŷ ′′1 (z′),

and therefore, UTE(z′) = UPI(z′) = UCI = 0. The threshold z′ is defined by UPI(z′) = UCI = 0,

which implies that z′ > 0. Moreover, note that at z = z′ we have UTE(z′) = UPI(z′) = UCI = 0 <

UGO(z′), so that Ŷ ′1(z′) = Ŷ ′′1 (z′) < Ŷ2(z′). This implies that z′ < z∗. Consequently, for z ≤ z′,

individuals choose (i) SI for all y < Ŷ ′1 , (ii) PI for all Ŷ ′1 ≤ y < Ŷ ′′1 , (iii) TE for all Ŷ ′′1 ≤ y < Ŷ2,

and (iv) GO for all y ≥ Ŷ2. 2

Effects of c, α, and β on the CO-Curve with Partial Isolation (PI).
We know from Proposition 8 that for z ≤ z′ and Ŷ ′1 ≤ y < Ŷ ′′1 , individuals choose PI . Let ϕGOt

denote the fraction of these individuals at time t that go out, ϕSIt the fraction that self-isolates, and ϕILLt

the fraction that is ill and stays home. By definition, ϕGOt + ϕSIt + ϕILLt = 1. Moreover, everyone who

went out in t − 1 is self-isolating in t: ϕSIt = ϕGOt−1. Individuals that were ill in t − 1 and recovered,

and individuals that went out in t − 2 but did not get infected (and only self-isolated in t − 1), go out

in t: ϕGOt = ϕILLt−1 + (1− φ)ϕGOt−2. In the steady-state we have ϕk ≡ ϕkt = ϕkt−1 = ϕkt−2 = ..., k =

{GO, ILL, SI}. Thus, the equilibrium is defined by the following equations: (i)ϕGO+ϕSI+ϕILL = 1,

(ii) ϕSI = ϕGO, and (iii) ϕGO = ϕILL+(1− φ)ϕGO. Solving (i) for ϕILL, and using this expression

with (ii) in (iii), we get ϕGO = 1
2+φ .
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The CO-curve is then given by

µCO (φ) =

φ
1+2φ

[
1− Ω

(
Ŷ2

)]
+ φβ

1+2φ+φα

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
1+φ
1+2φ

[
1− Ω

(
Ŷ2

)]
+ 1+φβ

1+2φ+φα

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
+ 1

2+φ

[
Ω
(
Ŷ ′′1

)
− Ω

(
Ŷ ′1

)]

=
φm

[
1− Ω

(
Ŷ2

)]
+ φβk

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
(1 + φ)m

[
1− Ω

(
Ŷ2

)]
+ (1 + φβ) k

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
+

mk

2 + φ

[
Ω
(
Ŷ ′′1

)
− Ω

(
Ŷ ′1

)]
︸ ︷︷ ︸

≡Ψ

,

where m =
(
1 + 2φ+ φα

)
and k = (1 + 2φ). We can see that ∂µCO(φ)

∂Ŷ ′1
> 0. Moreover,

∂µCO (φ)

∂Ω
(
Ŷ2

) =
[−φm+ φβk]

[
(1 + φ)m

[
1− Ω

(
Ŷ2

)]
+ (1 + φβ) k

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
+ Ψ

]
[
(1 + φ)m

[
1− Ω

(
Ŷ2

)]
+ (1 + φβ) k

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
+ Ψ

]2

−

[
φm

[
1− Ω

(
Ŷ2

)]
+ φβk

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]]
[− (1 + φ)m+ (1 + φβ) k][

(1 + φ)m
[
1− Ω

(
Ŷ2

)]
+ (1 + φβ) k

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
+ Ψ

]2 .

This is negative if

φβk (1 + φ)m
[
1− Ω

(
Ŷ2

)]
− φm (1 + φβ) k

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
+ [−φm+ φβk] Ψ

< (1 + φβ) kφm
[
1− Ω

(
Ŷ2

)]
− (1 + φ)mφβk

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
,

which can be simplified to

−
[
1− β + 2φ (1− β) + φα

]
Ψ < [1− β]mk

[
1− Ω

(
Ŷ2

)]
+ [1− β]mk

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
.

The LHS is negative, while the RHS is positive. Thus, ∂µCO(φ)

∂Ω(Ŷ2)
< 0. This also implies that ∂µCO(φ)

∂Ŷ2
< 0.

Next, we can write the CO-curve as

µCO (φ) =

≡T1︷ ︸︸ ︷
φ (2 + φ)m

[
1 − Ω

(
Ŷ2

)]
+ φ (2 + φ)βk

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
(1 + φ) (2 + φ)m

[
1 − Ω

(
Ŷ2

)]
+ (1 + φβ) (2 + φ) k

[
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)]
+mk

[
Ω
(
Ŷ ′′1

)
− Ω

(
Ŷ ′1

)]
︸ ︷︷ ︸

≡T2

.

We get
∂µCO

∂Ω
(
Ŷ ′′1

) = k
−φ (2 + φ)βT2 + T1 [(1 + φβ) (2 + φ)−m]

[T2]2
.
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Using m =
(
1 + 2φ+ φα

)
we find that this is positive if

T1

[
(1 + φβ) (2 + φ)−

(
1 + 2φ+ φα

)]
> φ (2 + φ)βT2

⇔ T1φ (1− α) > φ (2 + φ)β [T2 − T1]︸ ︷︷ ︸
>0

.

Note that this condition is satisfied for a sufficiently small β. Thus, ∂µCO

∂Ω(Ŷ ′′1 )
> 0, and therefore ∂µCO

∂Ŷ ′′1
> 0,

for a sufficiently small β.

Totally differentiating µCO(φ) w.r.t. c,

dµCO(φ)

dc
=
∂µCO(φ)

∂Ŷ2︸ ︷︷ ︸
<0

dŶ2

dc
+

∂µCO(φ)

∂Ŷ ′′1︸ ︷︷ ︸
>0 for small β

dŶ ′′1
dc

+
∂µCO(φ)

∂Ŷ ′1︸ ︷︷ ︸
>0

dŶ ′1
dc

+
∂µCO(φ)

∂c︸ ︷︷ ︸
=0

.

Recall from Proposition 8 that dŶ
′′
1

dk > 0 and dŶ ′1
dk = 0, k = c, α, β. Moreover, we know from Proposition

3 that dŶ2dk < 0. Thus, dµCO(φ)
dc > 0 for sufficiently small β.

Next, we get

dµCO(φ)

dα
=
∂µCO(φ)

∂Ŷ2︸ ︷︷ ︸
<0

dŶ2

dα︸︷︷︸
<0

+
∂µCO(φ)

∂Ŷ ′′1︸ ︷︷ ︸
>0 for small β

dŶ ′′1
dα︸︷︷︸
>0

+
∂µCO(φ)

∂Ŷ ′1︸ ︷︷ ︸
>0

dŶ ′1
dα︸︷︷︸
=0

+
∂µCO(φ)

∂α
.

Writing the CO-curve as

µCO (φ) =

≡F1︷ ︸︸ ︷
φ
(
1 + 2φ+ φα

)
(2 + φ) + φβ (1 + 2φ) (2 + φ) Θ

(1 + φ) (2 + φ)
(
1 + 2φ+ φα

)
+ (1 + φβ) (2 + φ) (1 + 2φ) Θ +

(
1 + 2φ+ φα

)
(1 + 2φ) Γ︸ ︷︷ ︸

≡F2

,

where

Θ =
Ω
(
Ŷ2

)
− Ω

(
Ŷ ′′1

)
1− Ω

(
Ŷ2

) , Γ =
Ω
(
Ŷ ′′1

)
− Ω

(
Ŷ ′1

)
1− Ω

(
Ŷ2

) ,

we get
∂µCO(φ)

∂α
=
φφ (2 + φ)F2 − F1

[
(1 + φ) (2 + φ)φ+ φ (1 + 2φ) Γ

]
[F2]2

.

This is positive if

φφ (2 + φ)F2 > F1

[
(1 + φ) (2 + φ)φ+ φ (1 + 2φ) Γ

]
⇔ φF2 > F1

[
1 + φ+

1 + 2φ

2 + φ
Γ

]
.
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Using F1 and F2 we can write this condition as

(1 + φ) (2 + φ)
(
1 + 2φ+ φα

)
+ (2 + φ) (1 + 2φ) Θ +

(
1 + 2φ+ φα

)
(1 + 2φ) Γ

>
(
1 + 2φ+ φα

)
(2 + φ)

[
(1 + φ) +

1 + 2φ

2 + φ
Γ

]
+ β (1 + 2φ) (2 + φ) Θ + β (1 + 2φ) Θ (1 + 2φ) Γ,

which can be simplified to

1− β > β
1 + 2φ

2 + φ
Γ.

This condition is satisfied for a sufficiently small β. Thus, ∂µCO(φ)
∂α > 0 when β is sufficiently small.

Finally,

dµCO(φ)

dβ
=
∂µCO(φ)

∂Ŷ2︸ ︷︷ ︸
<0

dŶ2

dβ︸︷︷︸
<0

+
∂µCO(φ)

∂Ŷ ′′1︸ ︷︷ ︸
>0 for small β

dŶ ′′1
dβ︸︷︷︸
>0

+
∂µCO(φ)

∂Ŷ ′1︸ ︷︷ ︸
>0

dŶ ′1
dβ︸︷︷︸
=0

+
∂µCO(φ)

∂β
.

We get
∂µCO(φ)

∂β
=
φ (1 + 2φ) (2 + φ) ΘF2 − F1φ (2 + φ) (1 + 2φ) Θ

[F2]2
.

This is positive if

φ (1 + 2φ) (2 + φ) ΘF2 − F1φ (2 + φ) (1 + 2φ) Θ ⇔ F2 > F1,

which is satisfied, so that ∂µCO(φ)
∂β > 0. Consequently, dµCO(φ)

dβ > 0 for sufficiently small β.

Proof – Endogenous Encounters and Shielding.
Suppose that M is a function of φ, with M ′(φ) < 0. Using (2) we can differentiate µ w.r.t. φ:

dµ

dφ
=

1 +

<0︷ ︸︸ ︷
ln (1− (1− λ)µ) [1− (1− λ)µ]M

<0︷ ︸︸ ︷
M ′(φ)

(1− λ)M [1− (1− λ)µ]M−1
> 0.

Now suppose that λ is a function of φ, with λ′ (φ) > 0. Using (2) we get

dµ

dφ
=

1 +M [1− (1− λ)µ]M µ

>0︷ ︸︸ ︷
λ′(φ)

(1− λ)M [1− (1− λ)µ]M−1
> 0.

Overall this implies that the IN-curve becomes steeper when either M or λ depends on φ. However, this

does not change the basic equilibrium structure.
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