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Abstract: Economic recessions are traditionally associated with asset price declines, and
recoveries with asset price booms. Standard asset pricing models make sense of this:
during a recession, dividends are low and the marginal value of income is high, caus-
ing low asset prices. Here, I develop a simple model which shows that this is not true
during a recession caused by consumption restrictions, such as those seen during the 2020
pandemic: the restrictions drive the marginal value of income down, and thereby drive
asset prices up, to an extent that tends to overwhelm the effect of low dividends. This
result holds even if investors misperceive the economic forces at work.
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————————————————————————–

Economists and market participants alike have been puzzled by how quickly, and how com-
pletely, stock prices have rebounded from their crash in the early days of the Covid-19 pan-
demic. Traditionally, we think of recessions as causing asset price declines, and recoveries
causing booms, but by August 2020 stock indices in most countries had recovered beyond
their previous peak, even as a conventional wisdom formed that the economic damage in-
flicted by the pandemic will be deep and long-lasting [10].

What can explain this disconnect? Contemporary financial analysts proposed three ex-
planations [7, 12]: (a) asset markets are forward-looking, so high prices could just reflect
investors’ expectations of a quick end to the pandemic; (b) the kinds of big companies that
are represented in the major stock indices are shielded from pandemic effects, or even stand
to profit from them (e.g., Big Tech and Big Pharma); (c) asset values are being supported
by central bank intervention. However, (a) is unlikely: data on dividend futures showed
that as late as July 2020, dividend growth expectations remained depressed even as stock
prices were already surging [3], so it appears that investors did not dispute the pessimistic
economic forecasts. Arguments (b) and (c) are plausible, but do not explain why the asset
market recovery has been so broad-based; by August 2020, the Russell 3000 index (which
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Figure 1: The “great disconnect”: asset prices have boomed even though the global pandemic
is ongoing. Data source: Yahoo Finance.

covers almost all of the US equity market) had passed its pre-pandemic peak, while bond
markets and housing markets were setting records for high prices and low yields [4, 8].

In this paper, I construct a simple neoclassical asset pricing model in the spirit of the Lu-
cas “tree” model [6], and I model various restrictions plausibly caused by a pandemic shock.
The model suggests an alternative explanation for high asset prices: they are caused by the
pandemic, not hindered by it, and more specifically they are caused by restrictions on con-
sumption due to social distancing. (Whether distancing is voluntary or due to government
mandates, as discussed by [2], is not relevant to the mechanism here.) In a typical recession,
incomes fall, and households respond to shrinking budgets by reducing their consumption
expenditure. This results in a rising marginal value of income, a falling desire to save, and a
low valuation of financial assets. In a pandemic, on the other hand, households reduce con-
sumption of socially-exposed goods and services in order to protect their health. Thus, it is
the consumption restrictions that cause income reductions, and the result is a falling marginal
value of income, an increasing desire to save (since additional income cannot be consumed,
at least not in the way we want to most badly), and a high valuation of financial assets.1

Crucially, this is not a story of ‘excess savings’ but a story of increased ‘demand for sav-
ing’, which manifests even though incomes fall during the pandemic. In the simplest variant
of the model, the aggregate supply of assets is fixed so that a pandemic-induced fall in con-
sumption drags income along with it. In this case, a stronger ‘desire to save’ can be priced
– people value savings more, thus asset prices surge – even though it cannot be satisfied in
the aggregate, which is to say, on average the people in this economy are unable to increase

1 In its emphasis on a demand-side constraint which causes asset prices and dividends to move in opposite
directions, the model is also related to [1]. In its emphasis on increased demand for saving dominating the effect
of lower dividends, it is also related to [9].
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Figure 2: In contrast to previous recessions (the most recent one of which is shown in the
left figure), and defying the consumption smoothing motive predicted by macroeconomic
theory, the Covid-19 recession (shown in the right figure) featured a larger percentage drop
in consumption than in output. Data source: FRED.

how much they actually save.
Certainly, the reduced income causes lower asset dividends as well. However, unless

the pandemic is expected to last for decades, the model shows that the effect of an increased
desire to save easily dominates the effect of lower dividends. If there are restrictions on
production in addition to consumption, the results are weakened and may get reversed, but
only if both (a) production restrictions are tighter than consumption restrictions, and (b) the
supply side of the economy is highly elastic in the short run. If agents misperceive the model,
they will initially underprice assets as the pandemic hits, but the increased desire to save
will eventually result in high assets prices even if nobody (within the model) understands
the reason for this.

The paper is organized as follows. Section 1 develops the basic model and derives the
principal results. Section 2 develops model variants with investment, multiple sectors, sup-
ply shocks, and beliefs. Section 3 discusses the limitations of the models and concludes.

1 The basic model

There are two states of the world: st ∈ {0, 1}. We call st = 1 the “sick” or “pandemic” state
and st = 0 the “normal” state. There is a large measure of households and firms who take
market prices as given. There is a single consumption good, which is produced using labor
and a capital asset in fixed supply. The production function is:

yt = kαt h
1−α
t
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The aggregate supply of capital is normalized to K = 1, but individual agents can buy and
sell units of k at price qt. In a period, capital yields a rental rate rt and labor yields a wage rate
wt. Agents thus choose consumption ct and labor supply ht subject to the budget constraint:

ct + qtkt+1 = (rt + qt)kt + wtht

They seek to maximize the following standard utility function:

U = E0

∞∑
t=0

βt
(

log ct −
1

1 + η
h1+ηt

)

However, the twist is that consumption in a pandemic state must also satisfy the constraint
ct ≤ ĉ. This can be interpreted either as a physical or legal constraint (certain activities, like
going to bars or traveling internationally, are prohibited), or a part of agents’ preferences
whereby consuming ct > ĉt yields infinitely negative utility (people voluntarily avoid bars
and air travel because of the infection risk). Either way, I assume that the constraint is slack
in the normal state st = 0, and ĉ is so low that the constraint binds in the sick state st = 1.

Household decisions thus satisfy the following Bellman equation, in Lagrangian form:

V (kt, st) = max
ct,ht,kt+1

{
log(ct)−

1

1 + η
h1+ηt + β Et

{
V (kt+1, st+1)

}
+ λt[(rt + qt)kt + wtht − ct − qtkt+1] + µtst[ĉ− ct]

}
where λt and µt are the Lagrange multipliers on the budget and health constraints, respec-
tively, which must satisfy the following sign and complementary slackness conditions:

λt ≥ 0, µt ≥ 0, µtst[ĉ− ct] = 0, and λt[(rt + qt)kt + wtht − ct − qtkt+1] = 0.

The multiplier λt can thus be interpreted as the marginal value of income. (It turns out to be
convenient to keep it in the equations, rather than immediately substituting it as we normally
would in a growth model.)

Proposition 1. The solution to the household’s problem satisfies ct = min{1/λt, ĉ/st}, hηt = λtwt,
and the Euler equation:

λt qt = β Et
{
λt+1(rt+1 + qt+1)

}
(1)

Proof: see the Appendix.

In a normal state, we have consumption equal to the inverse marginal value of income,
but in a pandemic state, consumption is constrained by ĉ. The supply of labor is a positive
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Figure 3: The “normal” state of the economy.

Notes: The “demand side” curve represents the first-order condition for consumption together with goods market
clearing: yt = ct = 1/λt. The “supply side” curve represents the first-order conditions for labor supply and
labor demand together with the production function: yt = h1−α

t = [(1−α)λt](1−α)/(η+α). The “short-term asset
pricing” curve represents the Euler Equation with expectations about the future held fixed: λtqt = constant.

function of the marginal value of income and the wage, and the Euler equation for capital
shows that when expectations about the future are held fixed, the asset price qt depends neg-
atively on the marginal value of income. The rest of the equilibrium conditions are standard:
the rental rate on capital is rt = αh1−α, the aggregate labor demand curve is wt = (1−α)h−αt ,
and market clearing in the goods market requires ct = yt = h1−αt (since the capital stock is
fixed at 1). An equilibrium is defined to be any bounded sequence of {ct, ht, rt, wt, λt, qt}∞t=0

satisfying these equations, for a given belief about states {st}∞t=0.

Never pandemic

In a normal state, the optimality condition ct = 1/λt combined with the market clearing
equations yields the following equilibrium:

ct = c̄ ≡ (1− α)
1−α
1+η rt = r̄ ≡ αc̄

ht = h̄ ≡ (1− α)
1

1+η λt = λ̄ ≡ 1

c̄

(2)

To derive a simple benchmark for the price of capital, suppose that the normal state is be-
lieved to last forever with no risk of a future pandemic. Plugging the solutions back into
Equation (1), and using qt = qt+1, we obtain the never-pandemic price of capital:

5



q̄ =
αβ

1− β
c̄ (3)

Forever pandemic

However, a pandemic did strike in 2020. Solving the optimality and market clearing condi-
tions together with ct = ĉ, in a pandemic state we have:

ct = ĉ rt = αĉ

ht = (ĉ)
1

1−α λt =
1

1− α
(ĉ)

η+α
1−α

(4)

Thus, during the ongoing pandemic all real variables are characterized by the constraint ĉ
alone. The only variable that requires knowing more than that is the price of capital, because
that depends on whether agents believe the pandemic will persist or end soon.

If the pandemic is expected to persist forever, then of course we have a steady state
with qt = qt+1. Plug this into Equation (1), evaluate at pandemic values, and we obtain the
forever-pandemic asset price value which we can call q̂:

q̂ =
αβ

1− β
ĉ (5)

Pandemic is expected to last for n periods

With these tools, we can analyze what would happen if the pandemic was believed to last
for n ≥ 0 more periods (excluding the current period). Define qn to be the price of the asset
in this case:

Proposition 2. Expressed in relation to the long-term normal-state asset price q̄ (Equation 3) and
consumption c̄ (Equation 2), the pandemic-era asset price qn satisfies:

qn

q̄
= (1− βn)

ĉ

c̄
+ βn

(
ĉ

c̄

)− η+α
1−α

(6)

Proof: see the Appendix.

Equation (6) is the main result of this paper. Notice what happens if the pandemic lasts
forever (n → ∞): consumption is depressed forever, hence economic activity is depressed
forever, and so is the price of capital. But if the pandemic is expected to be short-lasting
(n = 0 in particular), the depressed economic activity results in a boost to asset prices,
since the exponent on the last term is negative. For realistic values of the discount factor β
and the share of quickly-adjustable factors of production (1− α), the (negative) contribution
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Figure 4: The “pandemic” state of the economy.

Notes: The “demand side” curve represents the first-order condition for consumption together with goods mar-
ket clearing: yt=ct=min{ĉ, 1/λt}. The “supply side” curve represents the first-order conditions for labor supply
and labor demand together with the production function: yt=h1−α

t =[(1−α)λt](1−α)/(η+α). The “short-term as-
set pricing” curve represents the Euler Equation with expectations about the future held fixed (λtqt = constant),
whereas the “long-term asset pricing” curve represents the Euler equation solved in steady state (5).

of the first term is dominated by the (positive) contribution of the second term – even if the
pandemic was expected to last, say, three or four years.

What is the intuition for this striking result? The key lies in the level of λ, the marginal
value of income or wealth, during the pandemic. Generally in macroeconomics, this value
is inversely related to consumption – such as here, λ̄ = 1/c̄ in the normal state – a result
so basic that it has become part of the ‘deep wiring’ of a macroeconomist’s thinking engine.
However, in a pandemic, consumption is not constrained by wealth, but by health. Thus,
the only value of an increase in wealth is that it helps the household work less, and avoid
the disutility of working. But this disutility falls when the economy is constrained – indeed,
Equation (4) confirms that λ is positively related to the consumption constraint.

Now, standard theory suggests that asset prices are determined by two things: expected
dividends, and the value of deferring wealth into the future. It is true that dividends (rt =

αct in the simple model, perfectly correlated with aggregate consumption) are lower in the
pandemic (ĉ vs c̄), and this channel becomes more important the longer the pandemic is
expected to last. However, if the pandemic is not expected to last beyond a few years, what
is much more important than dividends is the motivation to defer spending until normal
activity can resume. Figure 5 illustrates this result with a numerical example.
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Figure 5: Asset prices during a pandemic; unless the pandemic is expected to last decades,
the effect of lower dividends is dominated by the effect of lower marginal value of income.

Notes: We assume the pandemic hits as a surprise in period 0, causes consumption to be restricted to 90% of
its normal level, and is immediately understood to last through period 1 and end in period 2. Parameters:
α = 1/3, η = 1, β = 0.95.

Pandemic is expected to end at random date

We can do a similar analysis under the simplifying assumptions that we start in the pan-
demic, each period the pandemic ends with probability 1 − π and persists otherwise, and
once the pandemic is over it never returns. We denote the asset price in this scenario by qπ

(note that π is a label here, not an exponent). After some algebra, we obtain:

qπ

q̄
=

(1− β)π

1− βπ
· ĉ
c̄

+
1− π

1− βπ

(
ĉ

c̄

)− η+α
1−α

Again, unless π is of similar magnitude to β (meaning the pandemic is expected to persist
for decades), the second term dominates and the pandemic causes a boost in asset prices.

2 Bells and whistles

Certainly, the basic model from Section 1 is just that, basic. In this section I solve four ex-
tensions – investment, multiple sectors, capital obsolescence, and incorrect beliefs by agents
within the model – and discuss how they modify the conclusions of the basic model.

2.1 The supply of assets is not fixed

In the basic model, the supply of capital goods is fixed and there is no investment. This as-
sumption serves to throw into sharp relief the result that high asset prices are not necessarily
a consequence of increased saving during the pandemic, only of an increased desire to save. In
reality, of course, storing resources for the future via investment is possible, so one might
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wonder if the results of this paper survive such an extension.
In order to construct a model with an imperfectly elastic capital stock that also admits

closed-form solutions, I modify the basic model by assuming that there are two types of
capital goods: a fixed type (kF ) that is in constant supply and lasts forever, as before, and an
elastic type (kE) that fully depreciates each period and must be restocked via investment.2

The production function is:
yt = (kFt )α

F
(kEt )α

E
h1−αt

(where we define α ≡ αF + αE) and the resource constraints for the two types of capital are:

kFt+1 = 1, kEt+1 = yt − ct

Because the aggregate supply of F -capital is fixed, its price qFt is determined by an Euler
equation; on the other hand, since the rate of transformation of output goods into E-capital
is constant at 1, so is the price of E-capital: qEt = 1. We define the market capitalization of
the overall capital stock (which is the closest model counterpart to a stock market index like
the S&P 500 or Russell 3000) to be:

Qt ≡ qFt · kFt + qEt · kEt = qFt + kEt

In a period, the two types of capital yield rental rates rFt and rEt ; the rest is as before. The
household’s problem satisfies the following Bellman equation:

V (kFt , k
E
t , st) = max

ct,ht,
kFt+1,k

E
t+1

{
log(ct)−

1

1 + η
h1+ηt + β Et

{
V (kFt+1, k

E
t+1, st+1)

}
+ λt[(r

F
t + qFt )kFt + rEt k

E
t + wtht − ct − kEt+1 − qFt kFt+1] + µtst[ĉ− ct]

}
subject to: λt ≥ 0, µt ≥ 0, µtst[ĉ− ct] = 0,

and λt
[
(rFt + qFt )kFt + rEt k

E
t + wtht − ct − kEt+1 − qFt kFt+1

]
= 0.

The solution to the household’s problem and definition of equilibrium proceed analogously
to Section 1, so I omit the details here and go straight to the equilibrium equations. The Euler
equations for the two types of capital are:

λt q
F
t = β Et

{
λt+1(r

F
t+1 + qFt+1)

}
and λt = β Et

{
λt+1r

E
t+1

}
;

2 In standard neoclassical growth models, investment is perfectly elastic and the price of capital goods is
always constant. Such a model is therefore a non-starter for a paper studying the evolution of asset prices. The
typical alternative is a Tobin’s-Q model where investment is subject to frictions (e.g., [5]), but such models do
not allow pencil-and-paper solutions even for simple shocks like the one studied here.
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recall that the “elastic” type of capital fully depreciates each period, while the “fixed” type
of capital never depreciates at all. In equilibrium, the rental rates on the two types of capital
satisfy: rFt = αF yt and rEt = αEyt/k

E
t . Substituting these, the Euler equations become:

λt q
F
t = β Et

{
λt+1(α

F yt+1 + qFt+1)
}

(7)

λt = β Et
{
αEλt+1yt+1/k

E
t+1

}
↔ λtk

E
t+1 = βαE Et

{
λt+1yt+1

}
(8)

Since kEt+1 = yt−ct is simply the amount of resources invested in period t, it is pre-determined
at t+1 and can be pulled outside the expectations operator.

As in the basic model, we use labor demand, labor supply, and the production function
to eliminate wt and ht, yielding an equation relating output to the marginal value of income:

yt =
(
kEt
)αE(η+1)

η+α ·
[
(1− α)λt

] 1−α
η+α (9)

Thus, output in period t depends on investment in the past (kEt ) and on the marginal value of
income in the present (λt). However, note that yt is the only equilibrium variable that directly
depends on the past; every other variable depends only on expectations of the future, thus
we can solve the rest of the equilibrium in closed form.

In a normal state, λt = 1/ct. We guess that households consume a fixed fraction of their
income, and invest the rest: ct = (1− φ)yt and kEt+1 = φyt. Thus, λtyt = 1/(1− φ), which we
substitute into the Euler equations (7)-(8) to obtain:

qFt
yt

= β Et

{
αF +

qFt+1

yt+1

}
⇒ qFt = βαF /(1− β) · yt

φ

1− φ
= β Et

{
αE

1− φ

}
⇒ φ = βαE

The solution in the first line is obtained by iterating the Euler equation forward, and it says
simply that the market price of fixed capital is proportional to output. The solution in the
second line verifies the guess of a constant investment rate φ.

During the pandemic, the investment rate is clearly not constant, since consumption is
exogenously determined by the bound ĉ. To simplify the analysis, assume for this subsection
only that the pandemic is known to last for one period, i.e., it begins and ends in period 0
and never returns. What happens to investment, kE1 ? Via Equation (8):

kE1 =
βαE

λ0
E0

{
λ1y1

}
=

βαE

1− βαE
1

λ0
(10)

because the economy is back in its normal state from period 1 on. Thus, investment in the
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pandemic is a decreasing function of the marginal value of income. Now, consumption
equals output minus investment:

c0 = y0(λ0)− kE1 (λ0) (11)

From Equation (9), we know that y0 is an increasing function of λ0, and we have just shown
that kE1 is a decreasing function of λ0. Thus, consumption during the pandemic (c0) must be
in a positive relationship with the marginal value of income (λ0), just as it was in the basic
model. Since the pandemic reduces consumption down to the level ĉ < c̄, this implies that
the key result λ0 < λ̄ is preserved (even though Equation (11) can no longer be solved in
closed form, except in the very specific case of η = 1− 2α).

Thus, Equation (9) confirms that even in the extended model, output still falls during the
pandemic, though it now falls by less than consumption because (via Equation 10) invest-
ment in the elastic type of capital increases.

Finally, what happens to the variable we are most interested in: the market capitalization
of the capital stock in this economy, Qt = qFt + kEt ? In period 0, kEt is pre-determined (say, at
the no-pandemic steady-state level βαE ȳ). For qF0 , we start with the Euler equation (7) and
substitute our previous results:

λ0 q
F
0 = β E0

{
λ1(α

F y1 + qF1 )
}

=
β

1− βαE
E0

{
αF +

qF1
y1

}
=

β

1− βαE

(
αF +

βαF

1− β

)
=

βαF

(1− β)(1− βαE)
⇒ qF0 =

constant
λ0

Since λ0 < λ̄, the result from the basic model that asset prices increase during the pandemic
is confirmed even when the asset supply is elastic.

What happens after the pandemic is over? In the basic model, the economy returns to
steady state immediately, but here there is some persistence. We know that during the pan-
demic, investment rises above the previous steady state. Thus, output after the pandemic
is also above the normal steady state (thanks to the rise in investment) and smoothly con-
verges back towards it. Since we have shown that during the normal state, qFt is proportional
to output yt, and kEt is proportional to yt−1 (if period t− 1 was also normal), total asset mar-
ket capitalization Qt behaves like a weighted moving average of current and past income
yt and yt−1, except for the pandemic period itself; thus, in contrast to the basic model, the
extended model predicts that the asset market boom may not come to a sudden end once the
pandemic is over, but will taper off more smoothly.
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2.2 Multiple sectors

Of course, the effect of the 2020 pandemic has not been to force a reduction in all kinds of
consumption spending equally. Some spending on affected goods (air travel and movie the-
aters) has been diverted to others (hand sanitizer and yoga mats). To capture this, I augment
the model from Section 1 with two sectors producing different goods: “social” consumption
cSt which is subject to the health constraint cSt ≤ ĉ/st, and “private” consumption cPt which
is not constrained in this way. The utility function is changed to:

U = E0

∞∑
t=0

βt
(
σ log cSt + (1− σ) log cPt −

1

1 + η
h1+ηt

)

so that, ideally, households want to spend a fraction σ ∈ (0, 1) of their income on social goods
and the remainder on private goods. The resource constraint is:

cSt + cPt = yt = kαt h
1−α
t

Since this is a simple extension of the basic model, I skip the Bellman equation and go straight
to the solution. It turns out that output must satisfy the equation:

ĉ+ (1− σ)(1− α)y
− η+α

1−α
t = yt

This equation clearly has a unique solution for yt, but it cannot be solved in closed form
except in a few special cases. One such special case is η →∞, meaning that labor supply and
output are both fixed at 1, and the only problem in this economy is to allocate consumption
between social and private consumption.3 In that case, the solution for the asset price during
a pandemic (which is again expected to last for n ≥ 0 more periods) would be:

qn

q̄
= (1− βn) · 1 + βn · 1− ĉ

1− σ

This time, there is only a positive effect (through λ̂ ↓); because output is fixed, so are divi-
dends. And as one would expect, the effect of a restriction on social consumption is strongest
when the social sector is a big share (σ) of the economy; specifically, the elasticity of the
short-pandemic stock price q0 with respect to ĉ, evaluated near the no-restrictions steady
state c̄S = σ, is:

d log(q0)

d log(ĉ)

∣∣∣∣
ĉ→σ

= − σ

1− σ

3 Another special case is η = 1− 2α, where the exponent (η+α)/(1−α) equals 1 so the model can be solved
in closed form as well. In that case, the model makes the intuitive prediction that the impact of the pandemic is
mixed between S-consumption falling, output as well but less so, and P -consumption increasing.
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The lesson of this equation is that when the supply side of the economy is inelastic, the im-
pact of pandemic restrictions on asset prices can be arbitrarily large, even when the intensive
margin of restrictions (ĉ < c̄S) is small; what matters is the extensive margin, or how many
kinds of consumption are restricted, moreso than by how much.

Summing up, this extension shows that main result survives even when some sectors
are not affected by the pandemic: the forced reallocation of consumption from “social” to
“private” goods also causes the marginal value of income to decrease. Intuitively, this makes
sense: after all, an extra unit of spending could only go towards something we already have
enough of (how many webcams or cuisinarts does one need?) and not on the things we most
badly crave (travel and socializing).

2.3 Capital obsolescence

The model in Section 1 is simple and based on very standard macroeconomic principles. So,
why does our intuition seem to dictate that the pandemic should decrease stock prices? One
of the reasons might be the fact that social distancing restrictions – whether voluntary or not
– do not only affect the availability of consumption goods, but also the usefulness of certain
kinds of capital. For example, restaurants are forced to operate at reduced capacity, and
sports arenas and convention centers are kept empty. Grocery stores and airports are open,
but their interiors have been retrofitted at high costs.

Here, we can capture this channel by assuming that during the pandemic state st = 1,
only a fraction of the capital stock, κ < 1, can be used. That is to say, an agent holding kt
units of capital during the pandemic is only able to rent out (and collect returns on) κkt of
them. The aggregate stock of capital remains normalized at K = 1 throughout this exercise.

2.3.1 No consumption restrictions

To begin with, we assume that there are no consumption restrictions. Then, consumption
equals the inverse marginal value of income: ct = 1/λt. As before, the labor supply curve
is hηt = λtwt, and the aggregate labor demand curve is wt = (1 − α)yt/ht. The aggregate
resource constraint is ct = yt = καh1−αt during the pandemic, and ct = yt = h1−αt outside of
it. Either way, the rental rate on total capital is rt = αyt; during the pandemic, not all capital
is usable (so we need to multiply by κ), but the marginal value of usable capital is inversely
proportional to the ratio of usable capital per unit of output (so we divide by κ). Solving, we
obtain the key equations:

yt = ct = κα · c̄ ⇒ rt = αc̄ · κα

λt = 1/ct ⇒ λt = α/rt
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We plug these results into the Euler equation (1), and notice that λt+1rt+1 simplifies to a
constant α. Thus, λtqt = βEt{α+ λt+1qt+1}, and we can simply iterate on λtqt to obtain:

λtqt =
αβ

1− β
⇒ qt

q̄
=

ct
c̄

= κα (12)

Thus, current asset prices only depend on current consumption. In particular, this implies
that during a pandemic where only a fraction κ of all capital can be used to earn returns, stock
prices should be scaled down by a factor κα. Furthermore, it implies that the duration of the
pandemic is irrelevant; and, more than that, it is irrelevant whether the pandemic-induced
loss of capital is believed to be temporary or permanent!

The reason for this strong result is of course our assumption of logarithmic utility; capital
obsolescence causes both an income and a price effect, and these two effects offset exactly. If
the obsolete capital is gone forever, then expected future returns fall but the marginal value
of saving (λt+1/λt) is flat. If the capital is only temporarily disabled, then expected future
returns are preserved but the marginal value of saving falls by an equal amount.

To be sure, this is a special case, and we could analyze variations with more general
intertemporal preferences. Nevertheless, as long as these variations do not depart too far
from the logarithmic benchmark, the results are clear: (i) if the only effect of the pandemic
is that some fraction of the capital stock becomes unusable, capital prices fall; (ii) the loss
of usable capital is passed through to stock prices with elasticity α, the elasticity of output
with respect to the relevant type of capital; (iii) it does not matter whether the disruption is
temporary or permanent.

2.3.2 Capital and consumption restrictions combined

Naturally, since the 2020 pandemic has caused restrictions to both consumption and pro-
ductive capacity, we should investigate the combined effect of these restrictions. To do so, I
assume that ĉ < κα c̄; that is to say, consumption is restrained even below the level that can
be achieved with the reduced capacity. In this case, during a pandemic state st = 1, output is
again determined by consumption demand (yt = ct = ĉ), and so are returns on total capital
(rt = αyt = αĉ). After some algebra, the marginal value of income during the pandemic is:

λt
∣∣
st=1

=
1

1− α
(ĉ)

η+α
1−α (κ)−

αη+α
1−α , (13)

which is, confirming the results from the previous models, increasing in the allowed fraction
of consumption ĉ/c̄ and decreasing in the fraction of usable capital κ.

As before, suppose that the pandemic is known to persist for another n ≥ 0 periods
after the current one; iterating Equation (1) just like we did for Proposition 2, we obtain the
following ratio of stock prices to their long-term pre-pandemic value:
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Figure 6: The “pandemic” state, with restrictions on consumption and capital use.

Notes: The “demand side” curve represents the first-order condition for consumption together with goods market
clearing: yt = ct =min{ĉ, 1/λt}. The “supply side” curve represents the first-order conditions for labor supply
and labor demand together with the production function: yt = καh1−α

t = κα[(1−α)λt](1−α)/(η+α). The “short-
term asset pricing” curve represents the Euler Equation with future expectations held fixed (λtqt = constant),
whereas the “long-term asset pricing” curve represents the Euler equation solved in steady state (5).

qn

q̄
= (1− βn)

ĉ

c̄
+ βn

(
ĉ

c̄

)− η+α
1−α

(κ)
αη+α
1−α (14)

Comparing this equation with the earlier result (6), the effect of the pandemic on the divi-
dend component of the equation is exactly the same; as long as the consumption restriction
is the binding constraint, dividends are proportional to aggregate consumption, no matter
what happens to capital. But as explained earlier, given reasonable values for β and unless
the pandemic is expected to persist for many years, what matters for stock prices during the
pandemic is the final value q0/q̄, the last price before exit from the pandemic. Here, the two
restrictions push in opposite directions: the restriction on consumption (ĉ < c̄) lowers the
marginal value of income, while the restriction on capital use (κ < 1) increases it.

In a pandemic like the one in 2020 where both restrictions operate, which one wins? In
principle, this is of course a quantitative question, but even just with theory we can say a bit
by comparing the elasticities. It turns out that the elasticity on ĉ (in absolute value) exceeds
the elasticity on κ by exactly η, the inverse elasticity of the labor supply. This means that
when the labor supply is elastic (so that η → 0), consumption and capital restrictions are
about equally strong in the magnitude of their effect on stock prices. When the labor supply
is inelastic, on the other hand (η → ∞), then the effect of consumption restrictions will
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dominate and even a small consumption restriction can drive asset prices arbitrarily high.
For concreteness, consider a few examples (and for simplicity, assume that the pandemic

lasts for only one period in each case):

(E1) The pandemic reduces both consumption and the usable capital stock by one percent
(ĉ/c̄ = κ = 0.99). In this case, since α < 1, we have ĉ < καc̄ and thus the constraint on
consumption binds. The stock price q0 increases by η percent above q̄.

(E2) The usable capital stock falls by ten percent (κ = 0.9), but people can satisfy the health
constraint if they reduce consumption by three percent (ĉ/c̄ = 0.97). If α ≥ 0.3, then
consumption falls by 10α percent which is more than three percent, so the health con-
straint does not bind. Stock prices fall by 10α percent, the same as consumption.

(E3) The usable capital stock falls by four percent (κ = 0.96), and in order to stay healthy
people must reduce consumption by two percent (ĉ/c̄ = 0.98). Also, suppose α = 1/3

and η = 1. Then, stock prices stay exactly the same compared to both before and after
the pandemic.

(E4) The usable capital stock falls by three percent (κ = 0.97), but in order to stay healthy
people must reduce consumption by nine percent (ĉ/c̄ = 0.91). Also, suppose α = 1/3

and η = 1. Then, stock prices increase by [(9− 3α)η + 6α]/(1− α) = 15 percent.

These examples illustrate that when the consumption restriction ĉ/c̄ and the capital usability
restriction κ are similar in magnitude, the effect of the consumption restriction tends to win
out and cause stock prices to go up during the pandemic. In order for stock prices to go
down, we would need (a) the capital restriction to be much severe than the consumption
restriction; (b) the capital elasticity in the production function, α, to be large; (c) the elasticity
of short-term labor supply, 1/η, to be large as well.

2.4 Incorrect beliefs

A model first proposed in August of 2020 cannot claim that investors in March of 2020,
when stock prices crashed, knew that new model. Instead, it is plausible that during the
early days of the pandemic when it became clear that it would cause deep and persistent
economic damage, investors used familiar models to predict its effect on asset returns and
prices. We can never be sure what exactly investors were thinking, but media reports at the
time indicate that the asset price rally in Spring 2020 came as a surprise to most [7, 12].

In order to capture this fact in a simple, reduced-form bounded rationality way, I assume
for this section that (a) reality is described by the model from Section 2.3.2, but (b) agents
believe that they are living in the world of Section 2.3.1 and are unaware of the ultimate
effects of the health constraint ct ≤ ĉ on asset prices as the pandemic hits.

To keep things simple, I also assume that the pandemic hits (as a complete surprise)
in period 0, at which point everyone believes with certainty that the pandemic will persist
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through period 1 and be over in period 2. (The argument that follows will mainly focus
on asset prices in periods 0 and 1, thus it does not matter much whether the pandemic is
actually over in period 2.) Thus, the economy is expected to be in the normal steady state
from period 2 on:

λtqt = λ̄q̄ ∀t ≥ 2

At time 0, agents believe that in period 1, the model from Section 2.3.1 will apply, hence the
asset price in period 1 will be q̃1 = κα q̄. Thus, in period 0, they evaluate the Euler equation:

λ0q0 = βEt{λ1(r1 + q̃1)}

They also believe that period 1 is still in the pandemic, as is period 0, thus they conclude that
λ0 = λ1 (whatever that value may turn out to be); hence, λ drops out of the Euler equation.
Finally, in accordance with their model of the world, agents believe that r1 = καr̄ because
of the ongoing restrictions on the use of capital during the pandemic. In that case, their
willingness to pay for capital in period 0 is q0 = καq̄, the same as they believe will be the
price in period 1.

However, once period 1 comes around, agents’ marginal value of saving will be low, not
high, due to the ongoing consumption restrictions (see Equation 13). Their willingness to
pay for capital will be:

q1 =
λ2
λ1
q̄ =

(
ĉ

c̄

)− η+α
1−α

(κ)
αη+α
1−α · q̄,

the ‘correct’ asset price as per Equation (14). Thus, the trajectory of asset prices satisfies:

q̄ > q0 < q1
?
≷ q̄ (15)

They go through a zigzag pattern, falling at the onset of the pandemic, rising (possibly above
the steady state) near its end, and returning to the old steady state once the pandemic is over.
Figure 7 illustrates this result with a numerical example.

The point here is not that agents ‘learn’ in period 1 that they were wrong about the model
of the pandemic. On the contrary, finding the ‘correct’ price in period 1 requires only that
agents have correct beliefs about period 2 (the pandemic is over and the economy returns to
steady state), and respond optimally to their own individual constraints (budget and health).
They may observe the zigzag pattern for asset prices, but incorrectly attribute it to changing
beliefs about the course of the pandemic.
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Figure 7: Asset prices during a pandemic when agents have incorrect beliefs.

Notes: We assume the pandemic hits as a surprise in period 0, causes both consumption and capital use to be
restricted to 80% of their normal levels, and is immediately understood to last through period 1 and end in period
2; agents do not understand the effect of consumption restrictions on asset prices, but otherwise act optimally.
Parameters: α = 1/3, η = 1, β = 0.95.

3 Discussion

In this paper, I develop a simple variation of the standard neoclassical growth model. In the
benchmark version, there are only two changes: first, a pandemic shock forces everybody to
reduce consumption below the steady-state value, and second, capital is in fixed supply. This
second assumption makes capital similar to a “Lucas tree” [6]; however, in Lucas’ model,
trees are the only factor of production, whereas here it turns out to be important that there
is also an elastic factor of production (otherwise, asset prices blow up to infinity). For the
purposes of my model, I call that factor “labor”, but it really represents any input into pro-
duction of which the supply can be quickly adjusted.

The model implies that a pandemic causes a decrease in the marginal value of current in-
come, which can be interpreted as an increased demand for saving, and which is translated
into high asset prices. This result is not particularly dependent on how low asset dividends
fall during the pandemic; it only requires that the pandemic be short (in the sense of not
lasting more than a few years), and that consumption restrictions be at least as severe as re-
strictions on supply. It also has nothing to do with central bank intervention in asset markets;
the point is that the pandemic increases the demand for saving instruments in general, which
drives up their prices, so if a central bank swaps one kind of saving instrument (stocks and
bonds) for another (money), this does little to satisfy the increased demand overall.

The model, simple as it is, does miss one big ingredient in real-world asset markets:
leverage. If leverage is high, this could provide one reason for stock prices during the pan-
demic to stay low, or not rise as high as the model predicts. For example, a firm with a
leverage ratio of 10 will see its dividends fall by 50 percent even if the aggregate economy
only shrinks by 5 percent, and it is only the 5 percent that cause a higher demand for saving,

18



not the 50. If the aggregate economy shrinks even more, the firm goes bankrupt so its asset
value hits zero and never recovers, even after the pandemic. Thus, if we expect a pandemic
recession to be so severe as to cause widespread bankruptcies, then the increased demand for
saving instruments would not necessarily be enough to save the stock market from collapse.

APPENDIX

Proof of Proposition 1. We define the set of possible histories to be {θt : θt = {s0, . . . , st}, st ∈
{0, 1}, t ≥ 0}, which is clearly countable. For the proof, we need to make a few technical
assumptions: first, we require that possible beliefs over the stochastic process governing
histories P{st+1 = 1|θt, t} are restricted to measurable functions of time and history. Second,
we restrict possible values of {ct, ht, kt} to the set X = [cL, cU ] × [hL, hU ] × [kL, kU ], where
the lower and upper bounds satisfy: 0 < cL < ĉ < c̄ < cU (and so on for h and k, where
the ‘bar’ and ‘hat’ values are those defined in Equations (2) and (4), respectively). Thus,
X is compact and convex, and all candidate equilibria discussed in this paper are in its
interior. By compactness and since ct = 0 is excluded, possible values of the per-period
return function F (x1, x2) = log(x1) − (−x2)1+η/(1 + η) are bounded (reading x1 = c and
x2 = −h in the negative domain); since F is clearly a strictly concave function and the
choice set allowed by the budget and health constraints (intersected with X) is convex, the
household’s problem now satisfies the assumptions of Theorem 9.8 by Stokey and Lucas
[11], and must have a unique solution for the value function along with a unique policy
function. Since, further, the reward function F is differentiable, Theorem 9.10 of [11] also
applies and any interior solution of the household’s problem must satisfy the usual first-
order and envelope conditions.

For the present problem, these are:

1

ct
− λt − µtst = 0 β Et{∂V (kt+1, st+1)/∂kt+1} − qt = 0

−hηt + λtwt = 0 and ∂V (kt, st)/∂kt = λt(rt + qt)

For consumption, clearly ct = 1/λt if the health constraint is slack and ct = ĉ if it binds.
Rearranging the FOC for labor yields the second result. Third, iterate forward the envelope
condition by one period (∂V (kt+1, st+1)/∂kt+1 = λt+1(rt+1 + qt+1)) and substitute it into the
FOC for capital to obtain Equation (1).

Proof of Proposition 2. Suppose the pandemic is known to last for n ≥ 0 additional periods,
that is to say, from t+ 1 to t+ n. We iterate Equation (1) forward:

λtqt = β Et
{
λt+1(rt+1 + qt+1)

}
= β Et

{
λt+1rt+1

}
+ β Et

{
λt+1qt+1

}
= . . . = Et

{
n∑
τ=1

βτ λt+τrt+τ

}
+ βn Et

{
λt+nqt+n

}
(A.1)

Now, since we expect the economy to be in its normal steady state for all periods from period
t+ n+ 1 on, we can evaluate Equation (1) in period t+ n:
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Et
{
λt+nqt+n

}
= β Et

{
λt+n+1(rt+n+1 + qt+n+1)

}
= β λ̄(r̄ + q̄) = λ̄q̄

Finally, since the pandemic is ongoing for all periods from t to t+n, we must have rt+τ = αĉ
(via Equations 4), and λt+τ = λt. Substitute these results back into (A.1):

λtqt = λtαĉ ·
n∑
τ=1

βτ + βnλ̄q̄ ↔ qt
q̄

=
1

βc̄

n∑
τ=1

βτ + βn
λ̄

λt
= (1− βn)

ĉ

c̄
+ βn

(
ĉ

c̄

)− η+α
1−α

where the second equality uses Equation (3) to substitute q̄, and the third equality uses (2)
and (4) to substitute λt and λ̄, as well as the geometric sum formula for the β’s.

References

[1] Albuquerque, R., M. Eichenbaum, V. X. Luo, and S. Rebelo (2016). Valuation risk and
asset pricing. The Journal of Finance 71(6), 2861–2904.

[2] Goolsbee, A. and C. Syverson (2020). Fear, lockdown, and diversion: Comparing drivers
of pandemic economic decline 2020. Technical report, National Bureau of Economic Re-
search.

[3] Gormsen, N. J. and R. S. Koijen (2020). Coronavirus: Impact on stock prices and growth
expectations. University of Chicago, Becker Friedman Institute for Economics Working Pa-
per (2020-22).

[4] Howcroft, E. (2020, August). Euro zone bond yields fall; german 30-year tap sees
”outstanding” demand. Reuters. https://www.reuters.com/article/eurozone-bonds-
idUSL8N2FL2O6.

[5] Lucas, R. and E. C. Prescott (1971). Investment under uncertainty. Econometrica 39(5), pp.
659–681.

[6] Lucas, R. E. (1978). Asset prices in an exchange economy. Econometrica, 1429–1445.
[7] Lynch, D. J. (2020, August). As stock prices hit record high, economy trails behind. Wash-

ington Post. https://www.washingtonpost.com/business/2020/08/18/stocks-economy-
coronavirus/.

[8] Radian Group Inc (2020, August). U.S. Home Prices Continue to Rise
on Housing Imbalances, Radian Home Price Index Reveals. Business Wire.
https://www.businesswire.com/news/home/20200819005152/en/.

[9] Saito, M. and S. Suzuki (2014). Persistent catastrophic shocks and equity premiums: A
note. Macroeconomic Dynamics 18(5), 1161.

[10] Sarkar, S. (2020, August). Fed’s gloomy economic outlook ’about right,’ say
economists: Reuters poll. Reuters. https://www.reuters.com/article/us-usa-economy-
poll-idUSKBN23U009.

[11] Stokey, N. L. and R. E. Lucas with E. Prescott (1989). Recursive methods in economic
dynamics. Harvard University Press.

[12] The Associated Press (2020, August). Why is the stock market hitting a new record when
the unemployment rate is 10%? CBS News. https://www.cbsnews.com/news/stock-
market-record-unemployment-rate/.

20

https://www.reuters.com/article/eurozone-bonds-idUSL8N2FL2O6
https://www.reuters.com/article/eurozone-bonds-idUSL8N2FL2O6
https://www.washingtonpost.com/business/2020/08/18/stocks-economy-coronavirus/
https://www.washingtonpost.com/business/2020/08/18/stocks-economy-coronavirus/
https://www.businesswire.com/news/home/20200819005152/en/
https://www.reuters.com/article/us-usa-economy-poll-idUSKBN23U009
https://www.reuters.com/article/us-usa-economy-poll-idUSKBN23U009
https://www.cbsnews.com/news/stock-market-record-unemployment-rate/
https://www.cbsnews.com/news/stock-market-record-unemployment-rate/

	The basic model
	Bells and whistles
	The supply of assets is not fixed
	Multiple sectors
	Capital obsolescence
	No consumption restrictions
	Capital and consumption restrictions combined

	Incorrect beliefs

	Discussion

