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Laissez-faire, Social Networks, and Race in a Pandemic

By Roland Pongou, Guy Tchuente, and Jean-Baptiste Tondji∗

Since the outbreak of the COVID-19 pan-
demic, mobility restricting policies have led
to the cumulative lockdown of over half
of the world’s population. While this ap-
proach for mitigating the contagion has
shown some positive results, the associated
economic costs have been considerable. In
the United States, the Bureau of Labor
Statistics reported on May 8, 2020 that to-
tal non-farm payroll employment fell by 20.5
million in April 2020, and the unemploy-
ment rate rose. The high economic costs
of lockdown measures forced state govern-
ments to consider easing quarantine mea-
sures, which was achieved at the expense of
public health. The tendency to trade off
population health for economic gains dur-
ing the COVID-19 pandemic has been doc-
umented (see, e.g., Boucekkine et al. (2021),
Cutler and Summers (2020), and Pongou,
Tchuente and Tondji (2021)), but the distri-
butional effects of tradeoff policies are under-
studied. Understanding these issues is vital
to shedding light on how the welfare impacts
of COVID-19 policies differ across racial sub-
groups within the United States.

We address these issues using a model
that solves the problem of finding the op-
timal lockdown policy for a pandemic that
spreads through networks of physical con-
tacts. Using information on the COVID-19
pandemic and unique data on the social net-
works of nursing and long-term care homes
in the United States (Chen, Chevalier and
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Long, 2021), Pongou, Tchuente and Tondji
(2021) calibrate this model to estimate opti-
mal tradeoffs between population health and
short-term economic gains for 26 U.S. states.
We exploit data on these estimated trade-
offs to analyze how laissez-faire policies–a
preference for economic gains over popula-
tion health–affect COVID-19 deaths in nurs-
ing homes, and how these effects vary by
the racial composition and the network cen-
trality of nursing homes. In line with Pon-
gou and Serrano (2013), Debnam Guzman,
Mabeu and Pongou (2021), Chang et al.
(2021), and Fajgelbaum et al. (2021), we
contribute to the growing literature investi-
gating the importance of network structure
in the distributional effects of virus spread.

I. Theory: Optimal Control Problem

Our framework follows the N-SIRD model
introduced by Pongou, Tchuente and Tondji
(2021) and includes both an individual-
network-based probabilistic epidemiological
model and a simple production environment.
A community containing N individuals faces
a virus that spreads through human con-
tacts. At any continuous time t, individ-
uals are subdivided into four health com-
partments: susceptible S(t), infected I(t),
recovered R(t), and deceased D(t), so that
S(t) + I(t) +R(t) +D(t) = N . For simplic-
ity, we drop the time variable. At any time
t, each individual i is in one of the following
compartments S, I, R, and D, with respec-
tive probabilities si, xi, ri, and di, where
si + xi + ri + di = 1. A susceptible individ-
ual may become infected by coming into con-
tact with an infected individual. We assume
that physical contacts take place through
an undirected weighted network, A, formal-
ized by a symmetric adjacency matrix (Ai,j),
where Aij = Aji ∈ [0,∞) is the connection
intensity between individuals i and j, with
Aij = 0 if i = j. Individuals move from
susceptible to infected, and from infected to
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either recovered or deceased.
In order to contain the pandemic, a so-

cial planner enforces a lockdown policy that
modifies the structure of the existing social
network, A. Let L denote the lockdown com-
partment, and li = P (i ∈ L) the probability
that an individual i is sent into lockdown;
li = 1 designates complete lockdown and
li = 0 means no lockdown. Being in a com-
plete lockdown disconnects an agent from all
their neighbors, so that a susceptible agent
will remain susceptible during the lockdown
period. The infinitesimal change in the in-
fection probability of agent i is ẋi = βsi(1−
li)

∑
j∈N Aij(1− lj)xj−(γ+κ)xi, where β is

the contact rate, γ is the recovery rate, and κ
is the death rate. We denote i’s health char-
acteristics by Xi = (xi, si, ri, di)

T , where T
is for the transpose. The laws of motion
of agent i’s recovery and death probabili-
ties are ṙi = γxi and ḋi = κxi, respectively.
Since si + xi + ri + di = 1, the infinitesimal
change in i’s probability of being susceptible
is: ṡi = −βsi(1−li)

∑
j∈N [Aij(1−lj)xj]. For

each i ∈ N , the profile Ẋi = (ẋi, ṡi, ṙi, ḋi)
T

determines a nonlinear system of ordinary
differential equations (ODE), and the com-
bined ODEs of all individuals describe the
disease dynamics. We assume that the ini-
tial value point Xi(0) is such that xi(0) ≥
0, si(0) ≥ 0, ri(0) ≥ 0, di(0) ≥ 0, and
xi(0) + si(0) + ri(0) + di(0) = 1.
As in most SIR models, we assume that in-

dividuals in compartments S, I, and R are
the only potential workers in the economy.
At any given period t, each individual i pos-
sesses a capital level ki(t) = ki, and a labor
supply hi = hi(si, xi, ri, di, li) that depends
on i’s characteristics and the probability of
being in lockdown; hi is assumed to be con-
tinuous and differentiable in each of its in-
put variables. Additionally, we assume that
hi is non-decreasing in the probabilities of
being susceptible and recovered, and is non-
increasing in the probabilities of being in-
fected and deceased and in lockdown strict-
ness. Capital combines with labor to gener-
ate output, yi, based on a production func-
tion yi = yi(ki, hi) = yi(ki, si, xi, ri, di, li),
assumed to be continuous and differentiable
and satisfying other standard assumptions.
It follows that agent i’s surplus function is

Wi = piyi − wihi, where wi represents the
cost of one unit of labor, and pi the unit
price of output.
Lockdowns mitigate virus spread, but they

also reduce economic activity, creating sig-
nificant economic and social costs. Facing
this tradeoff, the planner’s goal is to choose
a lockdown policy that will keep virus spread
under a certain level at a minimum economic
cost. We capture the planner’s tradeoff by a
tolerable infection incidence (defined as the
relative number of new infections), λ ∈ [0, 1].
A wealth-leaning planner will choose a high
value of λ, whereas a health-leaning plan-
ner will choose a low value of λ. The plan-
ner achieves their goal in two ordered steps.
The first step consists of determining the set
of lockdown policies, l = (li)i∈N , that keep
the virus incidence below λ: ẋi ≡ ẋi(l) ≤ λ,
for each i ∈ N . The second step consists of
choosing among these contagion-minimizing
policies the one which maximizes the dis-
counted stream of economic surpluses; that
is, the planner chooses the optimal admissi-
ble lockdown path, l∗i (t) for each agent i ∈
N , which along with the associated optimal
admissible state path X∗

i (t) in the ODE sys-
tem, maximizes the present discounted value
of aggregate surplus, W (k, s, x, r, d, l) :=
∞∫
0

e−δt

{∑
i∈N

Wi(ki, si, xi, ri, di, li)

}
dt, where

δ is the planner’s discount rate. Using
optimal control theory, we can formalize
the social planner’s problem as: Maxi-
mize W (k, s, x, r, d, l) such that for each
i ∈ N , Xi = (xi, si, ri, di)

T satisfies the
ODE system, ẋi ≡ ẋi(l) ≤ λ , and
li(t) ∈ [0, 1], for all t. Pongou, Tchuente
and Tondji (2021) show that the plan-
ner’s problem admits a unique optimal path
{l∗(t)} of the control variable and the states
{x∗(t), r∗(t), d∗(t), s∗(t)}, given the initial
conditions X0 and the laws of motion of in-
fection, susceptibility, recovery, and death.

II. Data and Calibration

Pongou, Tchuente and Tondji (2021) cali-
brate the model presented in Section I to es-
timate λ for 26 U.S. states using data on the
epidemiological and economic variables and
parameters of interest in the model from sev-
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eral sources. Data on the economic variables
come from the Bureau of Labor Statistics
and the Senior Living project.1 Information
on the epidemiological variables is obtained
from Statista.2

To build the U.S. nursing home networks,
we use data collected by the “Protect Nurs-
ing Homes” project on device-level geoloca-
tion information for smartphones present in
at least one nursing home in the 11-week pe-
riod following the nationwide restriction on
nursing home visits on March 13, 2020. The
intensity of connection between two nurs-
ing homes depends on the number of smart-
phones observed in both homes. To measure
the centrality of a nursing home in the net-
work, we use the eigenvector centrality, de-
noted νi; it measures the extent to which a
nursing home i is connected to other highly
connected nursing homes in a network A:

νi =
1
e

n∑
j=1

Aijνj . To illustrate how network

metrics vary across nursing homes, in Figure
1, we present network graphs for a subset of
nursing homes in two U.S. states.

For our empirical analysis, we combine
information on the estimated values of λ
for the 26 U.S. states covered in Pongou,
Tchuente and Tondji (2021) with data from
the “Protect Nursing Homes” project in
Chen, Chevalier and Long (2021). The de-
scriptive statistics in Table 1 show that in an
average nursing home, around 14% of resi-
dents are black. A majority of nursing homes
work for a profit (73%). An average nursing
home has a rating of 3.24 out of 5.

III. Laissez-faire, Race, and Death in
Nursing Homes

We estimate the effect of laissez-faire poli-
cies on COVID-19 deaths in nursing homes
and how this effect varies by the racial com-
position and the network centrality of nurs-

1Information from the Senior Living project
was obtained on September 9, 2021 at

https://www.seniorliving.org/nursing-homes/costs/.
2Statistica provides information on the reproduction

number of COVID-19, and the rate of COVID-19 infec-
tion and death among nursing home residents in each

U.S. state as of September 2020.

ing homes using the following equation:

covid deathijs = a0λs + a1share blackijs

+ a2Eig Centijs × share blackijs

+ a3λs × Eig Centijs × share blackijs

+ a4Eig Centijs + b0County sesjs

+ b1D Profitijs + b2λs × Eig Centijs

+b3λs×D Profitijs+b4λs×County sesjs

+Xijsc+ θj + εijs,

where covid deathijs is a variable count-
ing the total number of COVID-19 deaths
in nursing home i located in county j and
state s; share blackijs is the share of black
residents in nursing home i; λs is tolerance
to the virus in state s; Eig Centijs is the
eigenvector centrality for nursing home i;
County sesjs is county j’s average socio-
economic status; D Profitijs is an indicator
for whether a nursing home i is for profit or
not; Xijs represents other exogenous charac-
teristics of the nursing home including the
constant; and θj is the county fixed effect.
The parameters of interest are a0, a1, a2, a3,
and a4. In particular, a1, a2, and a3 esti-
mate the effect of race and how it interacts
with policy response and network centrality
to affect COVID-19 death in nursing homes.
We report our main results in Table 2. In

Column 1, we control for λ and the network
centrality of a nursing home.3 The coeffi-
cient on λ (the tolerable COVID-19 infection
incidence) implies that increasing λ by 7.7
standard deviations increases the number of
deaths in a not-for-profit nursing home by
over 1.3 in low SES counties. We also find
that nursing homes that occupy more cen-
tral positions in networks experience more
deaths. In Column 2, we control for the
share of black seniors in a nursing home,
finding a positive and statistically significant
effect; a ten percentage point increase in the
share of black residents in a nursing home
is associated with an increase in the number
of deaths of around 0.27. In Column 3, we
control for the interaction term between λ
and the share of black residents in a nurs-
ing home, finding a strong negative effect.

3In all columns of Table 2, additional controls, listed
under the table, are included.
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Figure 1. Network structure of two selected U.S. state nursing home facilities

Note: A: Alabama; B: California. In each network graph, node size varies with the number of COVID-19 deaths
among residents reported to the U.S. Centers for Medicare & Medicaid Services as of May 31, 2020; edge colour differs
with the number of contacts between nursing homes; a solid (resp. dotted) edge line corresponds to a connection
between two nursing homes within the same U.S. state (resp. in two different states); and node colour differences
are based on eigenvector ranking, with the dark blue colour, for example, highlighting the top 1% of facilities with
high eigenvector centrality in the network.

Table 1—Descriptive Statistics of U.S. Nursing Homes.

Variable Mean (standard deviation)

COVID-19 deaths 1.32 (4.60)
State’s tolerance to the virus (λ) 0.12 (0.13)
Eigenvector centrality .08 (0.18)
Share of Black 0.14 (0.20)
For profit 0.73
Overall rating (1-5) 3.24 (1.40)
County SES 355.70 (256.33)

Number of nursing homes 6,985

This finding implies that, although nursing
homes with higher shares of black residents
experience more deaths, such nursing homes
are less negatively affected by laissez-faire
policies.4 We also control for an interaction
term between centrality and the percentage
of black residents in a nursing home, finding
a negative effect. This means that, although
network centrality increases mortality, its ef-
fect is lower for nursing homes with higher
shares of black residents. Finally, in Column
4, we add a triple interaction term between
λ, centrality, and the share of black resi-

4Regression results splitting the sample between for-

profit and not-for-profit nursing homes show that the

reduced effect of laissez-faire policies on nursing homes
with higher shares of black residents is driven by not-

for-profit nursing homes.

dents in a nursing home, finding a positive
effect, but statistically insignificant. This
finding implies that laissez faire policies are
more damaging to nursing homes that have
a higher share of black residents and that oc-
cupy more central positions in the networks.

IV. Conclusion

Our analysis highlights significant interac-
tions between race, COVID-19 policies, and
social network structure among U.S. seniors.
Using a calibrated model of optimal lock-
down policy which allows to estimate, for
26 U.S. states, tradeoffs between popula-
tion health and short-term economic gains
during the early COVID-19 pandemic, we
find that laissez-faire policies significantly in-
crease deaths in nursing homes. The harm-
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Table 2—Effects of Infection Tolerance, Eigenvalue Centrality and Race on COVID-19 Death in Nurs-

ing Homes.

(1) (2) (3) (4)
λ 1.307∗ 2.072∗∗ 2.249∗∗ 2.298∗∗

(1.78) (2.18) (2.39) (2.45)
Eig Cent 1.031∗∗∗ 0.993∗∗ 1.837∗∗∗ 1.911∗∗∗

(3.37) (2.32) (3.26) (3.18)
Share of black 2.692∗∗∗ 3.908∗∗∗ 3.970∗∗∗

(4.73) (4.67) (4.49)
Eig Cent × Share of black -3.574∗∗ -4.035

(-2.06) (-1.64)
λ× Eig Cent -1.961 -2.537

(-0.90) (-1.03)
λ× Share of black -5.330∗∗ -5.744∗∗

(-2.20) (-2.08)
λ× Share of black × Eig Cent 2.873

(0.39)
Controls Yes Yes Yes Yes
Observations 6478 3549 3549 3549
R2 0.073 0.105 0.106 0.106

Note: Controls are the overall rating of a nursing home, county SES, a dummy for whether a nursing home is for
profit, λ interacted with county SES, λ interacted with a dummy for whether a nursing home is for profit, and the
county fixed effect. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Standard errors are robust to heteroscedasticity of
unknown form; t statistics in parentheses..

ful effect of laissez-faire policies is lower in
nursing homes with a higher share of black
residents. Interestingly, this finding implies
that the health benefits of restrictive lock-
down measures are smaller for nursing homes
with higher shares of black residents. Fi-
nally, we find that laissez-faire policies tend
to be more harmful to nursing homes with
both central network positions and a high
share of black residents.
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