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Abstract6

Despite the fact that the current covid-19 pandemic was neither the first7

nor the last disease to threaten a pandemic, only recently have studies in-8

corporated epidemiology into macroeconomic theory. In our paper, we use a9

dynamic stochastic general equilibrium (dsge) model with a financial sector to10

study the economic impacts of epidemics and the potential for unconventional11

monetary policy to remedy those effects. By coupling a macroeconomic model12

to a traditional epidemiological model, we are able to evaluate the pathways by13

which an epidemic affects a national economy. We find that no unconventional14

monetary policy can completely remove the negative effects of an epidemic15

crisis, save perhaps an exogenous increase in the shares of claims coming from16

the Central Bank (“epi loans”). To the best of our knowledge, our paper is the17

first to incorporate disease dynamics into a dsge-sir model with a financial18

sector and examine the effects of unconventional monetary policy.19
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1 Introduction23

The economic effects of the covid-19 pandemic are unprecedented, far-reaching,24

and extend to virtually every member of the global market. Global growth was25

projected at minus 4.9 percent in 2020, and at 6 percent to 7.6 percent depending on26

the emergence of a second wave (IMF (2020)). covid-19 was not the first emerging27

zoonotic or epizoonic disease to threaten a pandemic (Boissay and Rungcharoenkitkul28

(2020), LePan (2020)), nor will it be the last (Daszak et al. (2001), Jones et al. (2008),29

Wu et al. (2017)).30

Prior to the covid-19 pandemic, few studies incorporated epidemiology into31

macroeconomic theory, though this was not the case in microeconomics (see Horan32

and Wolf (2005), Horan and Fenichel (2007), Fenichel et al. (2011), Lenhart and33

Workman (2007), Morin et al. (2014), and Morin et al. (2015) for examples). Recent34

studies have examined the potential economic impacts of pandemics on a macroe-35

conomic scale using Susceptible-Infected-Recovered (sir) epidemiological models in36

the line with the macro model developed by Eichenbaum et al. (2020b). However,37

the role of financial intermediaries in coupled epidemic-economic frameworks has yet38

to be studied. In addition, previous papers have not focused on the effect of eco-39

nomic remedies - in the form of monetary policies - to reduce the economic burden40

of epidemics.41

In this paper, we use a dynamic stochastic general equilibrium (dsge) model as42

in Smets and Wouters (2007), but with a financial sector as in Gertler and Karadi43

(2011) (gk hereafter), to study the economic effects of an epidemic and the ability of44

monetary policy to remedy the crisis. Thus, our model is a financial dsge-sir model.45

To the best of our knowledge, we are the first to incorporate sir dynamics into a46

dsge model with a financial sector. Using the gk framework enables us to account47

for the financial sector of the economy and to assess the efficiency of unconventional48

monetary policy to combat the economic burdens of an epidemic. It enables us to49
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investigate different recovery paths of the economy following shocks to the system,50

including an epidemic crisis. For instance, the gk model was used to extensively51

examine the effects of unconventional monetary policy on macroeconomic outputs52

following the subprime crisis (Gertler and Karadi (2011), Dedola et al. (2013), Gelain53

and Ilbas (2017)). Gertler and Karadi (2011) showed that when there is a financial54

crisis (understood as a negative shock in the quality of capital), the stronger the55

reaction by the Central Bank, and the smaller the total losses in gdp. In comparison56

to a simpler model without financial frictions à la Smet-Wouters, our financial dsge-57

sir model enables us to study macro-financial feedback loops.58

We evaluate the effects of unconventional monetary policy, in particular a form59

of quantitative easing (qe) or “epi loans” policy. We model “epi loans” as a Cen-60

tral Bank liquidity injection into the real sector in the form of claims that do not61

pass-through private banks, similar to those that followed the sub-prime crisis in62

Europe. This measure can be understood as a light form of “helicopter money”63

(Friedman (1969)), in the sense that the injected liquidity goes directly to the real64

sector without direct involvement of fiscal authorities or private banks. However,65

contrary to“helicopter money”, our “epi loans” policy must be repaid, thus changing66

the Central Bank balance sheet by increasing its assets. Further, while “helicopter67

money” may be highly inflationist, there is no proof that qe policies are, at least not68

in developed countries (Qianying et al. (2016), Albertazzi et al. (2018), Baumeister69

and Benati (2013)). In this regard, the Central Bank behaves as last resort lender70

for the economy.71

Our model incorporates six different agents: households, financial intermediates,72

non-financial goods producers, capital producers, retailers and a government. It also73

considers the existence of a Central Bank that conducts conventional and unconven-74

tional monetary policy. From a methodological point of view, this study goes further75

than Smets and Wouters (2007) and Gertler and Karadi (2011) by coupling the la-76
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bor sector to an epidemiological sir model rather than assuming that each household77

chooses the quantity of hours it wants to work in each period. We suppose that la-78

bor supply is given by the quantity of people in good health, and is exogenously79

driven by the sir model. In addition, we suppose that the government may dispense80

unemployment benefits to those who can no longer work due to illness.81

In general, we find significant gdp losses due to an epidemic shock, with the82

effect on the labor market echoing throughout the economy. We observe declines83

in household consumption, non-financial intermediary capital, and capital producer84

investment following the trajectories of labor and production, and financial interme-85

diaries experiencing declines in the quantity and composition of expected discounted86

terminal wealth. The Central Bank increases its share of total credits that it finances87

to compensate for losses in investment and production. What is particularly inter-88

esting is that it is feasible to have a severe epidemic that does not result in a large89

economic loss, provided that the recovery rate is sufficiently high to allow workers90

to quickly return to the labor force. The nature of the epidemic thus has a strong91

impact on the macroeconomic response.92

In terms of monetary policy, we find that no unconventional monetary policy can93

completely remove the negative economic effects of the crisis, besides perhaps an94

exogenous increase in the share of claims coming from the Central Bank. Our “epi95

loans” policy is a form of qe policy related to Friedman (1969) “helicopter money”,96

in that the Central Bank takes savings from households and issues it as claims to97

be used to buy physical capital rather than re-financing private banks. The injected98

liquidity goes directly to the real sector.99

Our framework is not directly targeted towards covid-19, but instead models a100

representative epidemic. That being said, it can be tailored to any combination of101

epidemiological models or economic parameters, making it possible to calibrate the102

model to a specific disease or country. While we believe that our model is relevant103
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to the current pandemic, we hope that its contribution extends to epidemics more104

generally.105

The paper is structured as follows. Section 2 presents related literature. The106

model is presented in Section 3, whereas Section 4 describes the elements of the107

calibration and model simulation. Section 5 analyzes the response of the economy to108

the epidemic shock and investigates the effect of monetary policy. Finally, Section 6109

concludes.110

2 Related Literature111

Since the beginning of the covid-19 pandemic, there has been an explosion of lit-112

erature investigating the macroeconomics of pandemics. In this section, we briefly113

survey the literature, presenting the main methodological choices and key results,114

and explain in more detail how we depart from those studies. We categorize the115

literature into two thematics: the economic impacts of a pandemic and the effects of116

policy response.117

2.1 Economic impacts of a pandemic118

A first line of literature outlines the channels through which the pandemic shock119

affects the economy. Carlsson-Szlezak et al. (2020a), Carlsson-Szlezak et al. (2020b),120

and Brodeur et al. (2020), identified three broad patterns that have emerged from the121

current pandemic. The first is a direct impact generated by a reduced consumption122

of goods and services (a demand shock), which is exacerbated by social distancing123

and pessimistic expectations in the short-run. The second is an indirect impact124

based on financial market shocks and their effects on the real side of the economy.125

Household wealth will likely fall (wealth effects) as precautionary savings increase126

(due to uncertainty), leading to declines in new consumption spending. The third set127
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of effects consist of supply-side disruptions. Declines in production due to contain-128

ment and mitigation policies negatively impact supply chains, labor demand, and129

global employment and, as a consequence, unemployment and gdp losses strongly130

increase. In addition, a negative supply shock can trigger a demand shortage that131

leads to a contraction in output and employment larger than the supply shock it-132

self (Guerrieri et al. (2020)). The existence of “wait-and-see” attitudes adopted by133

economic agents (described by Baldwin and DiMauro (2020)) are likely to reinforce134

the previous effects by generating additional uncertainty. All in all, different types135

of recovery geometry - “V-shaped”, “U-shaped”, “WU-shaped”, or “L-shaped”- are136

possible depending on the persistence of shocks and government interventions.137

The basis for these findings are predominantly theoretical in nature, and can138

be seen as hypotheses to be tested and re-evaluated. Therefore, economists have139

empirically assessed the economic impacts of the pandemic, as well as delved deeper140

into their theoretical foundations. We divide them into three sub-groups based on141

their methodology.142

Our first sub-group quantitatively assesses the potential response of the econ-143

omy to a pandemic crisis, mostly from a macroeconometric perspective. Ludvigson144

et al. (2020) assessed the macroeconomic impact of covid-19 in the United States145

from historical data using a vector auto-regression var model. They quantified the146

potential response of the economy by comparing the current pandemic shock to a147

series of large disaster shocks in US time series data. Using the costly disaster in-148

dex, they found that a 60 standard deviations shock from the mean can generate149

a 12.75 percent drop in industrial production. Chudik et al. (2020) developed a150

threshold-augmented dynamic multi-country model (tgvar) to estimate the global151

as well as country-specific macroeconomic effects of the identified covid-19 shock.152

They showed that the most-developed economies will likely experience deeper, longer-153

lasting effects. For example, they found evidence of long-term, carry-over effects for154
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countries like the United States and the United Kingdom, but not for developing155

Asian countries. Milani (2021) used a standard gvar to investigate the importance156

of interconnections between countries. He found that the unemployment responses157

varied widely across countries after a health shock. Bonadio et al. (2020) developed158

a quantitative framework to simulate a negative global labor shock and examine the159

role of global supply chains in explaining the intensity of the real gdp downturn160

due to the covid-19 shock. They found that “re-nationalization” of global supply161

chains would not make countries more resilient to pandemic-induced contractions in162

labor supply. Baqaee and Farhi (2020) stressed the role of non-linearities associated163

with complementarities in consumption and production in response to the covid-19164

shock using a multi-sector, neoclassical model.165

Another set of studies relies on static or dynamic computable general equilib-166

rium models, focusing on international spillovers and sectoral effects. A family of167

Computable General Equilibrium (cge) were developed to study the macroeconomic168

impacts of pandemics on a global scale and trade. In particular, the popular cge G-169

Cubed (Mckibbin and Fernando (2020)) and envisage (Maliszewska et al. (2020))170

models have been extended to account for covid-19. Both extensions focused on the171

importance of spillover effects in a globalized economy when assessing the gdp and172

macroeconomic losses. Mihailov (2020) implemented potential economics responses173

within a standard Gaĺı-Smets-Wouters dsge model (Gaĺı et al. (2011)) calibrated to174

US, France, Germany, Italy and Spain. In all cases, the negative effects are quite175

damaging and last between one and two years on average. However, these papers176

treat epidemics as completely exogenous shocks without the integration of epidemic177

dynamics. Our work extends this literature by explicitly incorporating an epidemi-178

ological model into a macroeconomic framework, taking into account the dynamics179

of the economic patterns, incorporating a financial sector, and exploring the role of180

financial intermediaries and the use of unconventional monetary policies. The intro-181
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duction of financial market disruptions, as in gk, allow us to analyze the effects of182

unconventional monetary policies.183

Our work is more akin to the works of Bodenstein et al. (2020), Eichenbaum et al.184

(2020a,b,c), Angelini et al. (2020) or Krueger et al. (2020). These studies develop185

more-or-less simple macroeconomic neoclassical models, in which agents consume186

goods and work, combined with disease models that are standard in the epidemiology187

literature. However, they treat the labor market in a markedly different way than us.188

To be more specific, in those models agents choose the number of hours to work, with189

household consumption and labor changing the number of susceptible and infected190

individuals. The more a person consumes or works, the more s/he is in contact191

with others and the probability of infection is higher. Supply hours decrease not192

because people of getting sick, but because infected individuals are less productive193

(lower revenue) (Eichenbaum et al. (2020b)) and individuals know that if they work,194

they have a higher risk of infection. We do not follow this assumption, choosing to195

assume that sick individuals cannot or are not allowed to work. We believe that196

this assumption is reasonable, does not impact our results, and avoids introducing197

addition assumptions (such as homogenous mixing) into the model. Further, to the198

best of our knowledge, our paper is the first to directly consider the financial sector199

in this framework.200

From a methodological point of view, our model is closest to Bodenstein et al.201

(2020), whom enlarge a ecb-base model with the dynamics of a sir model with two202

distinct population groups. They embed a canonical epidemiology model (sir) in a203

Real Business Cycle (rbc) type model. In contrast, we mix a financial dsge à la gk204

and a sir model and as a consequence, our model enables us to study the interplay205

between the real economy and the financial sector.206
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2.2 Economic Policies207

A key challenge for policy makers is to identify suitable policies to mitigate the ad-208

verse economic effects of epidemics. Kaplan et al. (2020) demonstrated that the209

role of the government is not just to balance lives and livelihood (health versus eco-210

nomic output), but also over who should bear the burden of the economic crisis.211

This should be taken into account when investigating the optimality of lockdown212

and fiscal policies. Krueger et al. (2020) extended the Eichenbaum et al. (2020a,b,c)213

studies to analyze the “Swedish case”. They found that a no government intervention214

with flexible resource allocation can lead to a substantial mitigation of economic and215

human costs of the covid-19 crisis. Other papers have stressed the need for govern-216

ment intervention, particularly economic policies. Elenev et al. (2020) focused on the217

interrelationships between corporate and financial sectors and real macro-economy218

output. They found evidence that a no-intervention policy generates a negative feed-219

back loop between corporate default and weakness in the financial intermediary sector220

and creates a macroeconomic disaster. They studied the role of corporate credit poli-221

cies to mitigate this situation, and suggested the implementation of conventional or222

unconventional monetary policies, which we explicitly consider here. Faria-e Castro223

(2020) analyzed different types of discretionary fiscal policies to smooth household224

incomes in a simple dsge model. Conditional and unconditional transfers to house-225

holds were effective mitigation policies, with expansion of unemployment insurance226

as the best targeted measure.227

In a theoretical model with multiple equilibria, Céspedes et al. (2020) demon-228

strated that traditional expansionary fiscal policy had no beneficial effects, while229

conventional monetary policy had a limited effect when the discount rate was low.230

Unconventional policies, including helicopter drops of liquid assets, equity injections231

and loan guarantees, were able to keep the economy at a higher equilibrium in terms232

of productivity and unemployment. In a similar fashion, Sharma et al. (2020) de-233
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veloped a so-called “Mark-0 Agent-Based Model” based on the model by Gualdi234

et al. (2015). They simulated several policies including giving easy credit to firms235

and “helicopter money”, i.e. injecting new money into households savings. Here,236

we analyze similar policy questions but, in contrast to Sharma et al. (2020), we237

build a dsge-sir framework with microeconomic foundations. Kiley (2020) added238

exogenous shocks to a gk framework to mimic the covid-19 recession. He found239

that the use of extraordinary policy actions, such as a qe program of government240

bonds, may support recovery. We also depart from the gk model, but contrary to241

Kiley (2020) we explicitly incorporate epidemic dynamics. Our main value added242

is that our model enables us to take into account interactions between an epidemic243

and the economy, as well as the financial and real economic sectors, and to study244

the potential for monetary policy (specifically unconventional monetary policy) to245

mitigate the effects of an epidemic.246

3 The Model247

In this paper, we construct a so-called financial dsge model like the one developed in248

Gertler and Karadi (2011). However, in contrast to the usual financial dsge models,249

we enlarge our model with a sir block (see Atkeson (2020)).250

Our dsge model is a neo-keynesian micro-founded aggregate representation of251

a national economy, in which we assume that there is an infinite number of eco-252

nomic agents divided into households, financial intermediates, non-financial goods253

producers, capital producers, and retailers, which individually chooses quantities of254

goods, production factors, bonds and eventually prices in order to maximize their255

own well-being (e.g. preferences for households and profits for bankers, capital pro-256

ducers, non-financial firms, and retailers). The model also includes a government and257

a Central Bank that conducts conventional and unconventional monetary policy.258

We couple the dsge model to a classic epidemiological model of an epidemic259
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(F.Brauer and Castillo-Chavez (1994, 2012), Hethcote (2000)) and suppose that labor260

supply is directly tied to the proportion of healthy individuals. For the sake of261

simplicity, we do not impose stochastic shocks to the economy, and take the trajectory262

of labor supply, which is affected by the disease, as a deterministic, exogenous shock263

to the economy. In this way we isolate the effects of the epidemic on the model264

economy.265

In this section, we first describe the epidemiological model and how it relates to266

households and labor supply. We then describe how households behave, the structure267

of financial, non-financial and capital producers, and retailers. Finally, we explain268

how the government intervenes in the economy and monetary policies conducted by269

the Central Bank. Variables, definitions, and parameters are summarized in Figures270

1 and 2 and Tables 1 to 3. For details on the full derivation of the model, see the271

Appendix.272

3.1 Epidemiological Model273

In order to model the spread of an epidemic, we use a Susceptible-Infected-Recovered274

(sir) model as in F.Brauer and Castillo-Chavez (1994, 2012), Hethcote (2000), and275

Lenhart and Workman (2007). The sir model is a type of compartmental epidemio-276

logical model in which the total population, Nt, is divided into three classes or types277

of individuals: susceptible individuals, St, who can incur the disease but are not yet278

infected; infected individuals, Ĩt, who have the disease and can spread it to suscepti-279

ble individuals; and recovered individuals, R̃t, who have contracted the disease but280

have recovered and are immune to future infections (Figure 2). For simplicity, we281

assume a constant population size, abstracting from natural births and deaths1, and282

1The validity of this assumption depends on the timescale of the analysis and the nature of the
disease in question. Take for example, a single, localized epidemic and a population such that the
disease could reasonably circulate throughout the entire population. For diseases like the cold, flu,
or measles, an epidemic may last weeks or months and accounting for births and deaths would not
be appropriate; for diseases lasting years or a lifetime (AIDS/HIV, hepatitis C, or tuberculosis),
including births and deaths is more reasonable (Hethcote (2000)).
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normalize Nt to 1. Then St, Ĩt and R̃t can be interpreted as shares or proportions of283

individuals of each class in the general population.284

We can write the dynamics of the epidemic over time as:

St+1 − St =− αvStĨt (1)

Ĩt+1 − Ĩt =αvStĨt − γvIt (2)

R̃t+1 − R̃t =γv Ĩt (3)

where 1=St+Ĩt+R̃t. The difference equations in (1)-(3) are equivalent to a system285

of ordinary differential equations solved via a Euler approximation. Susceptible and286

infected individuals make contact and transmit the disease with a constant probabil-287

ity αv, and infected individuals recover at a rate γv. We assume that after recovery,288

individuals are immune from future infection.289

Susceptible Infected Recovered

transmission
rate

recovery
rate

Figure 2: sir Schema

The model assumes a closed population (no immigration or emigration) with a290

constant population size (no births or deaths) and a well-mixed population. That is,291

each individual in the population has an equal probability of interacting with every292

other individual. Extensions of the basic sir model relax these assumptions to take293

into account multiple populations of individuals (Bichara et al. (2015)), endemic294

disease (Hethcote (2000)), heterogeneous mixing (Morin et al. (2014), Morin et al.295

(2015), Toxvaerd (2020)), age structure (Hethcote (2000)), other classes of individ-296

uals such as exposed or asymptomatic, vaccinated or hospitalized (Chowell et al.297

(2003), Hethcote (2000), Lenhart and Workman (2007)), and management strategies298

such as treatment and vaccination (Hethcote (2000), Lenhart and Workman (2007),299
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Toxvaerd and Rowthorn (2020)). However, relaxing our basic assumptions greatly300

complicates the analysis and is left for future work.301

The epidemic affects the economy via the labor supply. Following Bodenstein302

et al. (2020), we assume that in absence of disease, labor supply Lt is equal to303

the total working force, Lt = Nt. However, as the epidemic spreads in the general304

population, we assume that infected individuals stay home and do not work, then305

the labor force is reduce by the quantity of infected people It. Thus, in each period,306

labor supply is given as Lt = Nt - Ĩt.307

3.2 Households308

We assume a continuum of perfectly competitive households in the economy indexed309

by j ∈ [0, 1]. Susceptible, infected, and recovered individuals are assumed to be310

evenly distributed among households. Each household consumes domestic goods,311

and, if healthy, supplies identical labor services to the non-financial production sector.312

Households pay/receive lump sum taxes, collect profits from all firms, have the option313

to lend funds to competitive financial intermediates or buy government bonds and,314

when infected, receive unemployment benefits.315

At each time period t, a typical household j chooses consumption Ct to maximize

the following lifetime expected utility function:

Et

[
∞∑
k=0

βkU (Ct+k(j))

]
(4)

where U(Ct(j)) is the net utility of household consumption of non-financial goods316

and β ∈ (0, 1) is the discount factor.317

We allow for internal habit formation in consumption as in Christiano et al.
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(2005). Thus, the instantaneous utility at time t is given by:

U(Ct(j)) = (log(Ct(j)− hCt−1(j))) (5)

where h ∈ [0, 1) represents the internal habit formation parameter. The latter gov-318

erns how household preferences for past consumption affects utility over time. A319

high value of h means that past consumption is important, so as to maintain the320

current level of utility, the household must consume at least the same quantity as the321

last time period. A low value of h implies that households only care about present322

consumption. Note that we do not introduce a trade-off between consumption and323

labor since labor supply is determined by the epidemic. With this formulation, we324

implicitly assume that all those who can work are willing to do it.325

Within each household there may be a portion of infected people, whom do not326

work but receive unemployment compensation bt. The remaining individuals - sus-327

ceptible and/or recovered - may be divided in two groups: workers and bankers.328

Workers do so for non-financial intermediate firms and receive a real salary Wt in329

exchange for the total amount of labor provided Lt. Bankers manage financial inter-330

mediaries and gain earnings. We assume that each member of the household gives331

their respective revenues to the household and that there is perfect consumption332

insurance. That is, consumption is equally distributed within households regardless333

if everyone in them is able to work.334

Each household consumes final goods produced by retailers at price Pt and in-335

vests/deposits an amount Bt in government bonds and intermediary deposits. We336

assume that investing in government bonds and depositing into intermediate banks337

are equivalent and perfectly substitutable, as both are risk-less and pay the same338

rate. Each are one-period real bonds, which pay a gross real rate of return Rt such339

that Rt+1 := 1+it
Πt+1

, where it is the nominal interest rate fixed by the Central Bank340

and Πt+1 := Pt+1

Pt
represents price inflation.341
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Share holders of retailers, capital firms, financial and non-financial firms receive342

real profits. We assume that each household owns an equal share of all firms and343

receives an aliquot share Dt(j) of aggregate profits Dt, i.e. the sum of dividends of all344

retailers Dr,t, intermediate private banks Db,t, intermediate non-financial firms Dm,t,345

and capital producers Dk,t. Thus
∫ 1

0
Dt(j) = Dt :=

∫ 1

0
(Dr,t(i) + Db,t(i) + Dm,t(i) +346

Dk,t(i))di where i indexes an individual firm in each sector. Households pay/receive347

Tt lump-sum transfers.348

For the sake of tractability, all households are identical and choose consumption

and investment in the same manner. Then dropping the j subscript, we may write

the real budget constraint for each household as:

Ct +Bt+1 ≤ bt (1− Lt) +WtLt +RtBt + Tt +Dt (6)

Each household solves (4) under the budget constraint (6). The solution of this

maximization problem gives us the following Euler equation that describes the evo-

lution of consumption along an optimal path2:

1 = βEt
[
λc,t+1

λc,t
Rt+1

]
(7)

where λc,t represents the marginal lifetime discounted utility function at t. Equation349

(7) says that, at the optimum, each consumer is indifferent to consuming one more350

unit today and saving that unit (by buying bonds) to consume in the future.351

Assuming internal habit formation yields:

λc,t =
1

Ct − hCt−1

− βhEt
[

1

Ct+1 − hCt

]
(8)

Thus we define the stochastic real discount factor for the entire economy from

2Cf. Appendix for derivation.



Macro Epidemics 17

period t to t+ i as:

Λt,t+i := βi
λc,t+i
λc,t

(9)

3.3 Financial Intermediates352

For the time being we present the financial intermediate’s problem assuming that353

the Central Bank does not apply unconventional monetary policy, i.e. it does not354

directly lend to non financial firms. We will relax this hypothesis in the next section.355

We assume an infinite continuum of financial intermediates indexed by j. Each

intermediate recovers a quantity Bt+1(j) of deposits from households, which pays

a gross interest rate Rt+1, and issues a quantity Zt(j) of financial claims to non-

financial producers at a real price of Qt per claim3. Denote Ωt(j) as the net worth

of banker j in period t such that:

Ωt(j) =QtZt(j)−Bt+1(j) (10)

Given that assets acquired by bankers earn a rate of return Rk,t+1 on claims, then

bankers’ wealth at period t+ 1 is:

Ωt+1(j) =Rk,t+1QtZt(j)−Rt+1Bt+1(j) (11)

And using equation (10) yields:

Ωt+1(j) =(Rk,t+1 −Rt+1)QtZt(j) +Rt+1Ωt(j) (12)

Note the difference in subscripts between the banker rate of return (Rk,t+1) and the356

3In reality, the Central Bank also sells claims. Therefore, we should differentiate private claims
Zp,t from government claims Zg,t. However, for the sake of presentation, we abstract from this
distinction in this section.
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gross interest rate (Rt+1).357
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We assume that bankers cannot default on their loans. Then a banker j operates

if and only if the following condition holds:

EtΛt,t+1+i (Rk,t+1+i −Rt+1+i) ≥ 0, i ≥ 0 (13)

where Λt,t+1+i is defined as in (9). In other words, if a banker must borrow more358

than its income, then it will not remain a banker.359

In each period t, a fraction f of household members are bankers; the remaining360

proportion are workers. We assume that a fraction θ of bankers in the current period361

remain bankers in the next time period. That is, (1 − θ)f bankers become workers362

and a similar number of workers become bankers4.363

Accordingly, each banker has the following expected discounted terminal wealth:

Vt(j) =
∞∑
i=0

(1− θ)θiΛt,t+1+iΩt+1+i(j) (14)

=
∞∑
i=0

(1− θ)θiΛt,t+1+i ((Rk,t+1+i −Rt+1+i)Qt+iZt+i(j) +Rt+1+iΩt+i(j))

Under condition (13), bankers may want to increase their assets indefinitely by

borrowing more and more funds from households. Furthermore, a banker can decide

to divert funds, i.e. transfer a fraction or even the totality of assets to its own

household for personal gain. Creditors are aware of this possibility as they know

that there may be a fraction λ of funds that will never be recovered. However, they

can impose a borrowing constraint to ensure that bankers do not divert all funds.

Therefore, households are willing to supply funds to a bank only if the banker’s

expected discounted terminal wealth Vt(j) is at least as large as the banker’s gain

4As explained in Gertler and Karadi (2011), this assertion implies that the average “survival
time” for a banker at any period is 1

1−θ . This insures that bankers cannot fund all investments
from their own capital and that the relative proportion of each type of household remains constant
over time.
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form diverting funds λQtZt(j)
5:

Vt(j) ≥ λQtZt(j) (15)

where in each period t, banker j chooses Zt(j) in order to maximize (14) subject to364

constraint (15).365

The leverage ratio is the value of total loans of a banker to non-financial producers

divided by the net worth of that banker. It is a measure of the proportion of worth

that a banker lends. Define φt(j) as the leverage ratio of banker j as:

φt(j) :=
QtZt(j)

Ωt(j)
(16)

Note that the leverage ratio can be greater than one (e.g. bankers can lend more366

than they have), depending on interest rates.367

As in Gertler and Karadi (2011), suppose that the solution of this problem has

the following form:

Vt(j) = νtQtZt(j) + ηtΩt(j) (17)

where ν represents the expected discounted marginal value that the banker gains by368

expanding claims, and η represents the expected marginal value of an extra unit of369

wealth. Equation (17) forms the initial guess of the solution, which is required in370

order to solve the problem. See the Appendix for details.371

If constraint (15) is binding, then we arrive at an interior solution with:

νt =EtΛt,t+1Γt+1 (Rk,t+1 −Rt+1) , ηt = EtΛt,t+1Γt+1Rt+1 (18)

Γt+1 =1− θ + θ (νt+1φt+1(j) + ηt+1) , φt(j) =
ηt

λ− νt
(19)

5See Gertler and Karadi (2011) for an extensive explanation of this condition.
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If constraint (15) does not bind, then our solution is a corner with:

νt =0, ηt = 1, Γt = 1, φt(j) is undetermined (20)

As long as 0 < νt < λ, the incentive constraint holds and the banker will increase372

its assets. In contrast, when νt > λ, the incentive constraint is not binding and the373

expected discounted value of the banker always exceeds gains from diverting funds.374

Aggregating the wealth of all existing bankers, we have6:

Ωt+1 = ((Rk,t+1 −Rt+1)φt +Rt+1) Ωt (21)

Recall that, at each date t, not all bankers remain bankers to the next time period,375

and a portion of households become new bankers. We assume that bankers who exit376

give their earnings to their own household and the household gives the new banker377

startup funds, equal to a fraction ε
1−θ of the value of assets that existing bankers had378

earned in their last operating period.379

Accordingly, the total net worth of all bankers is the sum of the existing bankers

and new bankers such that:

Ωt =Ωe,t + Ωn,t (22)

Given that the probability of a banker at time t remaining a banker at time t+ 1

is equal to θ, then we may re-write (22) as:

Ωt =θ ((Rk,t −Rt)φt−1 +Rt) Ωt−1 + εQtZt−1 (23)

6Since all bankers are created equal and they choose the same quantity of claims, then their
choice of Zt(j) will not depend upon j, neither deposits Bt(j). Then φt is independent of j.
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3.4 Central Bank and Public Loans380

Until now, we have assumed that only private banks receive deposits from households381

(Bt) and lend funds to intermediate producers (Zt). Here, we relax this assumption to382

consider a Central Bank which conducts unconventional monetary policy, managing383

the epidemic by issuing of bonds and lending money to non-financial firms.384

As explained in Gertler and Kiyotaki (2010), there are many ways in which the385

Central Bank may behave. Since our objective is to study how the public authority386

may fight an epidemic crisis using public loans, we assume that the Central Bank387

issues government bonds Bg,t to consumers at gross interest rate Rt and - using388

that income with respect to its budget constraint - issues financial claims Zg,t to389

intermediate non-financial producers at price Qt, for which the government earns a390

stochastic rate of return Rk,t+1.391

Let QtZp,t be the value of assets coming from private banks, QtZg,t the value392

of assets coming from the Central Bank, and QtZt the total value of intermediate393

assets (i.e. the sum of assets from private and Central banks). Note that in the394

eyes of borrowers and lenders in our model, private deposits/claims and government395

bonds/claims are equivalent in the sense that they have the same price and interest396

rates.397

The Central Bank has both an advantage and a disadvantage with respect to398

private lenders. We assume that government assets come with an efficiency cost399

of τ per claim7, but that, assuming the government can always honor its debts,400

there are no limitations in the number of bonds it can supply8. Therefore, it is not401

subject to an incentive constraint. As a consequence the Central Bank may also402

7As explained in Gertler and Karadi (2011) and Gertler and Kiyotaki (2010), the government
faces additional costs of evaluating and monitoring borrowers that privates banks do not have.
This is because private banks possess specific knowledge of the market not readily available to the
Central Bank.

8By abstracting from solvency problems, we are assuming that the government can always print
money to pay its debts. In reality, solvency problems can emerge and be aggravated by sovereign
debt and credit-rating agencies. We leave this for future work.
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issue government debt to financial intermediates without constraint. Private banks403

fund government bonds by issuing households deposits at the same rate as they lend404

them from the Central Bank. Thus, only private assets financed with private banks405

face the incentive constraint.406

Suppose that in each period the Central Bank lends a fraction ψt of total credit.

Then, using equation (16), we write the total value of intermediate assets as:

QtZt = φtΩt + ψtQtZt = ΦtΩt (24)

where Φt := φt
1−ψt is the leverage ratio for total intermediate funds (public and pri-407

vate). The choice of ψt will be explained in Section 3.8.408

3.5 Intermediate Non-Financial Firms409

Let there exist a continuum of perfectly competitive, homogenous intermediate goods410

producers that produce a differentiated non-financial good that is sold at real price411

Pm,t
9. Each of them uses two inputs: labor L and capital K.412

Following Gertler and Karadi (2011) we assume that at the end of period t, each413

intermediate producer acquires a quantity Kt+1 of capital from the capital producers414

to be used in production in time t + 1. After production in period t + 1, the firm415

may sell capital back to the capital producer and/or refurbish depreciated capital.416

We assume that the cost of replacement is unity and that there are no adjustment417

costs. Thus, intermediate goods firms face a static problem, solving their profit418

maximization problem one period at a time rather than maximizing expected profit419

over the lifetime of the firm.420

Goods producers finance physical capital by borrowing from financial intermedi-421

ates10. Note that borrowers are not constrained by the quantity of claims Zt they422

9Following Gertler and Karadi (2011) we do not introduce price stickiness through intermediate
goods producers, but rather do so by assuming that retailers are monopolistic.

10Private and public financial intermediaries are perfect substitutes in the eyes of the borrower.
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want to purchase. However, as intermediate private banks are constrained by the423

quantity of funds they may obtain from households, there is an indirect effect of the424

interest rate Rk,t on goods producer dynamics.425

Each goods producer then purchases a quantity Zt of capital claims, in which426

each claim equals one unit of capital Zt = Kt+1 and that the price per unit capital427

is Qt. It follows that QtKt+1 = QtZt.428

Recall that goods producers are homogeneous and all behave in the same fashion.

Then we can write the quantity of intermediate non-financial goods Ym,t produced by

the representative physical goods producer at time t as a Cobb-Douglas production

function involving capital and labor such that11:

Ym,t :=Kα
t L

1−α
t (25)

where the subscript m differentiates intermediate goods (Ym,t) from final goods (Yt),429

and α is the elasticity of production with respect to capital. As we assume no430

stochastic shocks, we abstract here from quality capital shocks as in Merton (1973)431

and a total factor productivity shock as in classic dsge models (Smets and Wouters432

(2007)).433

Each goods producer chooses quantities of labor and capital in order to maximize

its profit. The solution to this problem yields the following first order conditions:

Wt = (1− α)Pm,t
Ym,t
Lt

(26)

Rk,t =
αPm,t

Ym,t
Kt

+ (1− δ)Qt

Qt−1

(27)

where δ is the capital depreciation rate. As we are in a perfect competitive frame-434

11Since we assume that retailers are monopolistic, one unit of intermediate good Ym,t does not
necessary equal one unit of final good Yt. As shown in the Appendix, these quantities are related
by the equation Ym,t = vp,tYt at equilibrium, where vp,t is the price dispersion of the aggregated
final good.
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work, equations (26) and (27) establish that intermediate good producers choose the435

quantity of labor to equate real wages and the marginal product of labor, and quanty436

of capital such that the real price of capital equals the net return after depreciation.437

3.6 Capital Producers438

There exists a continuum of perfectly competitive, homogeneous capital production

firms. At the end of each period t, capital producers may produce new capital

by buying final goods from retailers In,t (i.e. investing), purchase non-depreciated

capital from intermediate good producers at price Qt, repair depreciated capital at

cost unity, and/or sell capital to intermediate goods producers at price Qt. In doing

so, total aggregate capital accumulates in the following fashion:

Kt+1 := (1− δ)Kt + In,t (28)

where δ is the capital depreciation rate and In,t is net/new capital investment.439

Furthermore, we assume that there is no adjustment or investment cost associated

with repairing capital. However, producing new capital does face an adjustment cost

associated with changing the level of investment. Thus, capital producer profit can

be written as12:

Dk,t =

(
(Qt − 1)In,t − f

(
In,t
In,t−1

)
In,t

)
(29)

A representative capital producer chooses the quantity of net capital investment

In,t to maximize its discounted profits:

Et
∞∑
i=0

Λt,t+i

(
(Qt+i − 1)In,t+i − f

(
In,t+i
In,t−1+i

)
In,t+i

)
(30)

12See the Appendix for a detailed derivation.
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where the adjustment cost function (f(·)) depends on net capital investment at times

t and t− 1. Specifically, it is defined as:

f

(
In,t
In,t−1

)
=
κ

2

(
In,t
In,t−1

− 1

)2

, κ > 0 (31)

Remark that the adjustment cost is zero at the steady state, and that this cost is440

increasing with temporal changes in investment.441

The first order condition for profit maximization yields:

Qt = 1 + f

(
In,t
In,t−1

)
+ f ′

(
In,t
In,t−1

)
In,t
In,t−1

− EtΛt,t+1f
′
(
In,t+1

In,t

)(
In,t+1

In,t

)2

(32)

This equation is the marginal Tobin’s “Q” which, given asset prices, defines the442

optimal investment demand function. Remark that with no adjustment costs, Qt = 1.443

3.7 Retailers444

Let there be a continuum of monopolistic normal retailers indexed by h ∈ [0, 1], and445

a continuum of perfectly competitive super retailers that purchase and assemble final446

goods produced by normal retailers in order to produce an aggregate final good that447

will be sold at price Pt. We assume that super retailers are homogeneous and all448

behave in the same fashion (normal retailers are not treated as homogeneous).449

The super retailer is characterized by the following ces production function:

Yt :=

(∫ 1

0

Yt(h)
εp−1

εp dh

) εp
εp−1

(33)

where Yt(h) is final good produced by normal retailer h, and εp is the elasticity of450

substitution of choosing between normal retailer goods.451

Given the prices of normal retailer goods Pt(h)h∈[0,1] and the final aggregated

good price Pt, the super retailer chooses the quantities of normal retailers goods
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(Yt(h))h∈[0,1] in order to maximize its profit. The solution yields the following demand

function for good h:

Yt(h) =

(
Pt(h)

Pt

)−εp
Yt ∀h (34)

Notice that the production function of the super retailer includes constant returns

to scale and that firms are perfectly competitive, meaning that firms experience zero

profits at equilibrium. We therefore obtain the following equation for the price of

the final aggregate good:

Pt =

(∫ 1

0

Pt(h)1−εpdh

) 1
1−εp

. (35)

Each normal retailer h uses intermediate goods, produced by the intermediate452

goods firms, to “pack” the intermediate goods and sell them to the super retailers at453

price Pt(h). We assume that it takes one unit of intermediate good to produce one454

unit of normal final output. Thus, the marginal cost for each normal retailer is the455

intermediate price Pm,t, which is the same for all normal retailers.456

We introduce nominal price rigidity as in Calvo (1983). In each period t, a fraction

(1 − θp) of normal retailers can re-optimize their nominal price (Pt(h) = P ∗t (h)),

while the remaining fraction can only partially adjust their prices according to past

inflation. If firm h cannot change its price for i periods, then its normalized price

after i periods is:

i∏
s=1

Πχ
t+s−1

Pt(h)

Pt+i
(36)

where χ ∈ (0, 1) reflects the price response to inflation and Πt := Pt
Pt−1

represents the457

level of inflation from period t− 1 to t.458
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Profits for normal retailer h at date t is then given by:

(
i∏

s=1

Πχ
t+s−1

Pt(h)

Pt
− Pm,t

)
Yt(h) (37)

Given the option, each normal retailer firm will choose to readjust its price. The

choice of P ∗t (h) does not depend on the specific household h because all firms that

are able to choose their prices will do so in the same fashion. Furthermore, firms

only consider future states in which re-optimization is not possible thus each firm h

chooses Pt(h) to maximize expected discounted profits:

Et
∞∑
k=0

θipΛt,t+i

(
i∏

s=1

Πχ
t+s−1

Pt(h)

Pt+i
− Pm,t+i

)
Yt+i(h) (38)

subject to equation (34).459

The first order condition of this problem yields:

Et
+∞∑
i=0

θipΛt,t+iYt+i(h)

(
P ∗t
Pt+1

i∏
s=1

Πχ
t+s−1 −MPm,t+i

)
= 0 (39)

where M = εp
εp−1

is the desired price markup, absent from inflation. This equation460

gives the optimal price setting condition.461

Finally, using the fact that a fraction (1 − θp) of normal retailers can optimize

prices while the rest index prices to past inflation, equation (35) can be written as:

P 1−ε
t = θp

(
Πχ
t−1Pt−1

)1−ε
+ (1− θp) (P ∗t )1−ε (40)

3.8 Government, Monetary Policy and the Market Clearing462

Condition463

The government distributes unemployment benefits bt, issues public debt Bg,t to464

households for which it pays a gross interest rate Rt, sells claims Zg,t to non-financial465
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firms at price Qt and gross interest rate of return of Rk,t, recovers/pays lump-sum466

taxes, and spends its own expenditures Gt.467

As discussed previously, there is a portion of the population that is infected

and is not part of the labor force. We assume that they receive at least partial

unemployment benefits from the government. We define those benefits bt as:

bt = ζWt, ζ ∈ [0, 1) (41)

where ζ is the rate of unemployment compensation and Wt real wages. Thus, unem-468

ployment benefits are proportional to wages earned from working.469

As explained in Subsection 3.4, in each period, the government via the Central470

Bank, lends a fraction ψt of total credit to financial intermediates. However, govern-471

ment assets come with an inefficiency cost of τ ∈ [0, 1] per claim. (Recall that private472

banks are more efficient in that they have better access to market information.) Then473

government expenditure on financial intermediates is given by τψtQtKt+1.474

We assume as well that government consumption of final goods is always constant,

Gt := ωgYt, where ωg is the steady state share of gdp that the government uses for

its own expenditures. Assuming that transfers automatically adjust at each date,

the government faces the following budget constraint:

Gt + τψtQtKt+1 + bt(1− Lt) + ψtQtZt = Tt + (Rk,t −Rt)Bg,t +Bg,t+1 (42)

Equation (42) equates all expenditures (final good consumption, expenditures to non-475

financial intermediaries, and unemployment benefits) to revenue (lump sum taxes,476

interest from debt).477

Unconventional monetary policy ψt is set in the following manner:

ψt = ψ̄t + ωEt [(logRk,t+1 − logRt+1)− (logRk − logR)] (43)
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where ψ̄t is defined as our “epi loans”, ω > 0 is the Central Bank credit feedback478

parameter, and logRk − logR is the steady state risk-premium. The feedback pa-479

rameter governs the intensity of the reaction of the Central Bank to changes in the480

spread relative to the steady state risk premium. When the risk-premium is larger481

than its steady state, the Central Bank expands its credit with the larger the ω, the482

greater the credit expansion. In our baseline simulations, we treat ψ̄t as a constant483

equal to zero. We then relax this assumption, taking ψ̄t as a deterministic, exogenous484

shock, to study the ability of our “epi loans” to alleviate the negative effects of the485

epidemic.486

Suppose that the Central Bank also conducts conventional monetary policy by

setting nominal interest rates, it, following a Taylor rule of the form:

1 + it = (1 + it−1)φi

(
1

β

(
Πt

Π

)φπ ( Yt
Yss

)φy)1−φi

, (44)

where Πt is the steady state of inflation and Yss is the steady state gdp in a scenario487

without disease. In this formulation the parameter φy measures the response of the488

Central Bank to the output gap, which contrary to other dsge models, we define489

as the deviation of current gdp with respect to the steady state gdp without an490

epidemic13.491

Finally, we have the following Fisher relation that links nominal interest rates

fixed by the Central Bank to the gross real interest rate fixed by the market:

1 + it = Rt+1EtΠt+1 (45)

Market clearing conditions established that production is divided between con-

sumption, net investment, government expenditures in goods, and government finan-

13Generally, in classic dsge models, the output gap is defined as the deviation of current gdp
with respect to its steady state. In our model, depending on the type of disease, it is possible to
have different steady states values for Y . We believe that the real output gap should be measured
as the deviation with respect to a fixed value of Y .
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cial intervention.

Yt = Ct + In,t + f

(
In,t
In,t−1

)
In,t +G+ τψtQtKt+1 (46)

Equation (46) closes the model.492

4 Parameter Calibration and Simulation Analysis493

Details on model aggregation and calculation of the the steady state values are given494

in the Appendix. Each time period corresponds to a quarter. Baseline parameter495

values are summarized on Table 3. Calibration of our baseline parameters follows496

Smets and Wouters (2007) and Gertler and Karadi (2011) for the U.S. economy.497

Specifically, the discount factor β is set to ensure a 4% annual interest rate, with498

the elasticity of substitution among final goods taken to yield a steady-state price499

markup of 31%. The output of elasticity of capital α is calibrated assuming a “labor500

share” of approximately 2/3 and the bankers’ survival rate is fixed at 0.975, which501

assumes that bankers remain bankers on average for 10 years. We fix the share502

of unemployment compensation ζ to 0.5. As in Gertler and Karadi (2011), the503

private banks’ parameters λ and ε are fixed to meet the following targets: a risk-504

premium steady state of 100 basis points and a steady state leverage ratio of 4.505

Initial conditions and baseline epidemiological parameters were chosen to illustrate506

a full epidemic cycle, and are not meant to represent a specific disease.507

Simulation of the model proceeds in two steps. First, we calculate the trajectories508

of the number of susceptible, infected, and recovered individuals given initial con-509

ditions and epidemic parameters. The dynamics of the epidemic were solved using510

a first-order Euler approximation for a time horizon of 150 periods, corresponding511

to the time scale of the economic model. We then used the trajectory of infected512

individuals as a deterministic, permanent shock to the real economy. In this way,513
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Table 1: State and control variables

Variable Symbol Type

Epidemic block

Susceptible S State

Infected Ĩ State

Recovered R̃ State

Households

Labor L Control/State

Consumption C Control

Deposit = Government bonds B Control

Financial Intermediates

Quantity of financial claims issued by private banks Zp Control

Non-financial intermediates and capital producers

Intermediate non-financial goods Ym Control

Capital K Control/State

Labor L Control/State

Net capital investment In,t Control

Retailers and Capital Producers

Normal retailed good price P (h) Control



Macro Epidemics 33

Table 2: Model definitions and outcomes

Variable Symbol

Households
Total population N
Real discount factor from date t to t+ 1 Λt,t+1

Good price = Aggregate retailer’s price P
Total real profits D
Lump-sum taxes T
Marginal lifetime discounted utility function λc
Real wage W

Financial Intermediates
Total quantity of financial claims Z
Bankers’ net worth Ω
Expected discounted terminal wealth V
Leverage ratio of private banks φ
Auxiliary variable Γ
Risk-less gross real rate of return R
Claims gross real rate of return = Capital rate of return Rk

Financial claims price Q
Total leverage ratio (public and private) Φ
Marginal value of banker’s gain w.r.t claim income ν
Marginal value of banker’s gain w.r.t wealth η
Existing banker’s net worth Ωe

New banker’s net worth Ωn

Private deposits Bp

Private bank profit Db,t

Non-financial intermediates and capital producers
Intermediate non-financial good price Pm
Intermediate non-financial profit Dm,t

Capital producer profit Dk,t

Adjustment cost function of investment f(·)

Retailers and Capital Producers
Aggregate super retailed good Y
Normal retailed good Y (h)
Normal retailed good price P (h)
Optimal normal retailed good price P ∗

Normal retailer profit Dr,t

Price dispersion vp,t

Central Bank and Government
Level of goods price inflation Π
Fraction of total credits financed by the Central Bank ψ
Quantity of financial claims issued by the Government Zg
Unemployment compensation b
Government consumption G
Nominal interest rate i
gdp without disease Ȳ
Inflation without disease Π̄
Government bonds Bg

Exogenous fraction of publicly intermediate assets ψ̄
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agents possess perfect foresight regarding the future states of the epidemic when514

computing their optimal solutions. We solve the economic block from a set of initial515

conditions to the steady-state of both economic and epidemic blocks14.516

In order to test the effectiveness of unconventional monetary policy to mitigate517

the epidemic crisis, we first establish a baseline model scenario with an epidemic518

and study the economic consequences of changes in the epidemic structure. We then519

implement unconventional monetary policy by testing the sensitivity of the model520

to the steady state leverage ratio for private banks, the intensity of the reaction of521

the Central Bank to changes in the spread, and our “epi loans” policy. All model522

simulations were conducted in Dynare 4.6.1. All source code and simulation data523

can be found on the Open Science Framework (osf.io/j7m65).524

5 Results and Discussion525

This section is divided in four parts. First, we present our baseline results of the526

model and the different pathways by which the epidemic affects the economy. Sec-527

ond, we describe the economic response to changes in epidemiological parameters528

(transmission and recovery rates). Third, we discuss the effects of unemployment529

compensation on the economy. Finally, we evaluate the potential of monetary poli-530

cies to remedy the economic burden of the epidemic. For each of our results, we531

compare the trajectories of our economic variables to those in the absence of disease532

(or the “no-disease” case). When changing model parameters, we re-calculate the533

trajectories of the no-disease case to correspond to the new set of parameters.534

14We solve the linearized version of the perfect foresight model with the Newton method, which
uses sparse matrices to simultaneously solve all equations in every period.
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Table 3: Parameter Calibration

Parameter Symbol Calibrated Value/Baseline

Epidemic block

Initial condition of susceptible S0 0.9

Initial condition of infected Ĩ0 0.1

Initial condition of recovered R̃0 0

Transmission rate αv 0.4

Recovery rate γv 0.1

Households

Discount factor β 0.99

Internal habit formation h 0.71

Financial Intermediates

Bankers’ survival rate θ 0.972

Fraction of claims income that can be diverted λ Function of risk premium at steady state, leverage
ratio at steady state and θ

Proportional transfer to the new bankers ε Function of risk premium at steady state, leverage
ratio at steady state, θ and ψ̄

Risk premium at steady state Rk −R 0.01/4

Leverage ratio at steady state φ 4

Non-financial intermediates and capital producers

Capital depreciation δ 0.025

Price indexation to inflation χ 0.24

Calvo price parameter θp 0.66

Capital share α 0.33

Retailers and Capital Producers

Adjustment cost constant κ 5.74

Elasticity of substitution between normal retailers εp 4.167

Price markup M Function of θp

Central Bank and Government

Efficiency cost τ 0.001

Unemployment rate compensation ζ 0.5

Feedback parameter ω 10

Taylor rule response to inflation φπ 2.04

Taylor rule response to output gap φy 0.08

Taylor rule inertia φi 0.81

Steady state share of gdp that Government expends ωg 0.18
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5.1 Baseline Results535

Our baseline results are summarized in Figures 3 and 4 . For brevity, we focus on a536

set of core variables of the model.537

By assumption, the epidemic decreases the quantity of available labor (only538

healthy individuals are allowed to work), which at its maximum severity decreases539

the workforce by 45%. This effect on the labor market echoes throughout the econ-540

omy, with declines in household consumption, non-financial intermediary capital,541

and capital producer investment following the trajectory of labor. The first is a con-542

sequence of lost wages and equality in the market clearing condition. The latter two543

follow declines in production due to a lower workforce.544

Regarding financial intermediaries, the epidemic primarily affects their expected545

discounted terminal wealth (V ). Both components of wealth - net worth (Ω) and546

claim selling (QZ) - are affected. This is because a decrease in capital translates547

to a decrease in claims demand (Kt+1 = Zt), which has a negative impact on claim548

prices (Q) compared to the no-disease case. We observe significant declines in gdp,549

reaching a maximum loss of 20% compared to the no-disease case.550

What is particularly interesting is that as the crisis starts, the Central Bank551

increases its share of total credits that it finances (ψ) to compensate for losses in552

investment and production that follow declines in labor. This is because, while553

decreases in investment in capital and production of goods provoke decreases in554

interest rates (risk-less and capital rate of return), the observed spread in the interest555

rates is still higher than the steady-state.556

Similarly, we observe an increase in inflation during the epidemic. In this model,557

the standard relationships between supply and demand and prices holds. If price in-558

creases (decreases), then the supply (demand) side dominates as the dsge framework559

shifts back to equilibrium. In a perfectly competitive market, as overall production560

decreases with the epidemic, we would expect to see a larger than observed increase561
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Figure 4: Baseline results for the fraction of total credits financed by the Central
Bank (a), interest rates (b), inflation (c), and gdp (d). Reported values are the
percent deviation from the no-disease case. For comparison, the red line corresponds
to a zero percent change.
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in prices (at least in the early stages of the epidemic). However, the increase in562

inflation is less than that of a perfectly competitive framework because of sticky563

prices.564

5.2 Economic Response to Changes in Epidemic Structure565

Holding all economic parameters constant, we vary the epidemiological parameters566

to understand how structural changes in the epidemic profile affect the economy. We567

find marked changes in cumulative gdp, with the recovery rate being the primary568

driver (Figure 5a). Indeed, at moderate to high recovery rates the model is relatively569

insensitive to the infection rate.570

In our framework, the main burden of disease on the economy is in the labor571

supply: only healthy people are allowed to work. Therefore, an epidemic that persists572

for a long time in the population (low recovery rate) and, consequently, keeps people573

from working, will be the most costly. Even if we have a highly contagious epidemic574

(high infection rate), as long as it can pass through the population quickly (moderate575

or high recovery rate), then the overall burden in terms of gdp will be less.576

This result has interesting implications for the relationship between disease’s basic577

reproductive number (an epidemiological measure of the severity of a disease) and578

gdp (an economic measure of the well-being of an economy). The basic reproductive579

number (R0) is defined as the average number of secondary infections that occur580

when a single individual is introduced into a population where everyone is susceptible581

(F.Brauer and Castillo-Chavez (2012), Hethcote (2000)). In general, if R0 > 1 then582

the disease will spread through the population, and if R0 < 1, then the disease583

will die out. The bigger the R0, then the worse or more severe the disease. For584

a standard sir model, it is defined as the ratio of the infection and recovery rates585

(αv/γv) (Diekmann et al. (1990), Diekmann et al. (2010), Heffernan et al. (2005)).586
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Given the effects of the epidemiological parameters and gdp, a higher R0 does587

not necessarily translate to greater gdp loss (Figure 5b). It is feasible to have a588

severe epidemic (in an epidemiological sense of the word) that does not result in589

a large economic loss, if the recovery rate is sufficiently high to allow workers to590

quickly return to the labor force. However, it is worth stressing that this result591

depends on a number of simplifying - albeit, we believe acceptable - assumptions.592

The model assumes a constant population size with homogeneous mixing, where the593

primary burden of disease is via the labor force. It does not account for deaths,594

vaccinations or treatments, nor quarantines or epidemic-related business closures.595

We leave further investigation to future work.596

5.3 Unemployment Compensation597

Next, we evaluate the quantity of unemployment benefits distributed to households598

who are unable to work due to infection. We find that, contrary to real-world expec-599

tations, distributing unemployment benefits generates no change in gdp compared600

to the baseline scenario. In a Keynesian framework, we would expect that compen-601

sating workers would help counterbalance the negative effects of the epidemic on602

gdp. The reason for this is that because households are Ricardian - a not unheard603

of phenomenon empirically (Evans and Hasan (1994)) - they are forward-looking604

and, in response to increases in government spending, choose to save today expect-605

ing to pay higher taxes later. This leads to no change in consumption. Ricardian606

consumer behavior is a common assumption in neoclassical models, which warrants607

future consideration when evaluating unemployment benefits as an economic policy.608
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5.4 Can monetary policy help fight the adverse effects of an609

epidemic?610

In order to answer this research question, we individually vary a set of economic611

parameters, holding all the other parameters at their baseline values. We concen-612

trate our analysis on financial parameters only, specifically focusing on three policy613

instruments. Remark that in this model, changing the economic parameters never614

provokes a change in labor. This is because we take labor as exogenously determined615

by the epidemic.616

We start by first considering the steady-state leverage ratio for private banks (φ),617

defined as the total loans that a private bank can issue compared to its net worth618

(Figure 6). We find that the higher the leverage ratio, the higher the injection of619

funds from the Central Bank into the economy (ψ). This effect is observed because620

with a higher leverage ratio at the steady state, there is a greater probability of banks621

to sell claims. As this occurs, it causes the spread in the interest rates to increase,622

leading the Central Bank to further insert money into the economy. We also find a623

compositional shift in bankers’ wealth, with income from selling claims (net worth)624

increasing (decreasing) with an increase in the steady-state leverage ratio. However,625

we do not observe a marked change in gdp compared to the baseline scenario.626

Second, we test the sensitivity of Central Bank to a change in the spread via the627

feedback parameter ω (Figure 7). As the Central Bank responds more intensively to628

changes in the spread, it injects a higher quantity of funds into the economy during629

the beginning of the epidemic (when the difference in the spread is highest), and630

then drops off in the later stages. Volatility in the variation of the spread is greater631

with ω. This affects the quantity and composition of bankers’ wealth, with higher632

wealth stemming from a smaller decrease in net worth. We find no effect on gdp633

losses. However, we observe that when the Central Bank reacts more intensively to634

changes in the spread, reductions in consumption are smaller than the baseline. This635
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last result may suggest that, when talking about consumption, a stronger reaction636

to the spread is better for households.637

Finally, we evaluate the use of “epi loans” to mitigate the effects of the epidemic638

(Figure 8). This takes the form of an exogenous shock on the steady state fraction639

of publicly intermediate assets ψ̄, which affects the share of total claims the Central640

Bank finances (ψ). We assume that the Central Bank (with a cost) administers641

liquidity directly to the real economy in the form of claims that are transformed (one642

to one) into capital, and it does so from the beginning of the epidemic to its peak643

(in our case, this is about period 20).644

Our definition of “epi loans” is an extreme form of a qe policy, but not exactly645

“helicopter money” as proposed by Friedman (1969). Instead of giving money di-646

rectly to households with no expectation of being repaid, the Central Bank increases647

its share of total claims issued, and firms subsequently purchase capital without648

having to pass through private banks. Thus our “epi loans” directly affect demand649

by incentivizing investment, and should be thought of as expanding Central Bank650

intermediation rather than expanding the money supply.651

With this policy we observe a smaller reduction in gdp compared to the baseline652

case. This should not come as a surprise given the fact that any increase in ψ will653

automatically increase gdp in the form of income obtained by the sale of claims.654

It is important to note, however, that although gdp loss is less than the baseline,655

the expected discounted terminal wealth of banks is reduced and the share of claims656

sold by private banks decreases. These are counterbalanced by an increase in the657

total quantity of claims sold such that the overall reduction of capital is smaller than658

the baseline. For households, this means that consumption is lower compared to659

the baseline case. An increase in claims reduces real rental interest rates and makes660

the acquisition of capital more attractive, incentivizing the investment in physical661

capital. As a side effect, we observe an expected increase in inflation. By reducing662
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demand, we drive up prices. However, it is important to remark that the increase in663

inflation, at its worst, is only 0.3% higher than that without an “epi loans” policy.664

Our results are in line with those proposed by Sharma et al. (2020), Céspedes et al.665

(2020), and Kiley (2020).666

6 Conclusion667

For the first time, we use a financial dsge-sir model to study the response of economy668

to an epidemic shock. We summarize our findings into three primary contributions.669

First, due to the epidemic, the economy is likely to experience a deep recession.670

With our baseline calibration, we observe significant declines in gdp, reaching a max-671

imum loss of 20% compared to the no-disease case. Although not directly comparable672

to other papers, for illustrative purposes Angelini et al. (2020), Chudik et al. (2020)673

and Bodenstein et al. (2020) found decreases in gdp post covid-19 between 1.5%674

to 2.5%, 15%, and 20% to 30% respectively. However, our framework can be tailored675

to any combination of epidemiological models or economic parameters, making it676

possible to be calibrated to specific diseases and countries.15
677

Second, the profile of the epidemic has a significant effect on the shape of the678

recession. An epidemic that persists for a long time in the population (low recovery679

rate) and, consequently, keeps people from working, will be the most costly. Even680

if we have a highly contagious epidemic (high infection rate), as long as it can pass681

through the population quickly (moderate or high recovery rate), then the overall682

15One could, for example, calibrate the epidemiological model to the covid-19 epidemic. As
covid-19 is generally accepted to have an asymptomatic phase (Bi et al. (2020), He et al.
(2020)), one would use a Susceptible-Asymptomatic-Infected-Recovered (SAIR) epidemiological
model, which allows for asymptomatically-infectious individuals (F.Brauer and Castillo-Chavez
(2012), Hethcote (2000)). Estimations of epidemiological model parameters have been conducted
by Fanelli and Piazza (2020), Liangrong et al. (2020), Prem et al. (2020), and Yin et al. (2020),
among others. However, it should be noted that there is uncertainty in estimations of these model
parameters, as they will vary by country, the quality and timeframe of the data, the choice and tim-
ing of management strategies, accessibility to treatment and vaccines, as well as general assumptions
inherent to disease models (such as homogeneous mixing or age structure).
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recession will be less. This is because, in our model, as long as people are able to work,683

there should not be a reduction in production. We can infer that measures to decrease684

recovery time - such as treatments (which directly increases the recovery rate) and685

vaccination (which prevents individuals from getting sick) - could prove fruitful in686

minimizing economic losses of an epidemic. However, while straightforward to model687

in an epidemiological model (F.Brauer and Castillo-Chavez (2012), Hethcote (2000),688

Lenhart and Workman (2007)), these measures come with associated costs and the689

optimum usage is difficult to ascertain in a “macro-epidemic” framework (though690

see Lenhart and Workman (2007), Horan et al. (2010), and Toxvaerd and Rowthorn691

(2020) for examples in a microeconomics framework). We leave this for future work.692

Finally, we found that, with the exception of increasing the share of claims from693

the Central Bank, our unconventional monetary policies cannot negate the negative694

economic effects of the crisis. However, as last resort lender, the Central Bank could695

use an unconventional monetary policy to exogenously increase its share of total696

claims issued (“epi loans”), which firms will then use to buy capital. This policy has697

the potential to lessen total losses in gdp, partially mitigating the economic recession,698

without being extremely inflationary, a side effect which has worried economists699

since the first use of unconventional monetary policies after the sub-prime crisis (e21700

Staff (2010)). This is an encouraging thought as many industrialized countries have701

announced billions in stimulus to combat the covid-19 crisis.702
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Gaĺı, J., F. Smets, and R. Wouters (2011, May). Unemployment in an estimated new806

keynesian model. Working Paper 17084, National Bureau of Economic Research.807

Gelain, P. and P. Ilbas (2017). Monetary and macroprudential policies in an esti-808

mated model with financial intermediation. Journal of Economic Dynamics and809

Control 78 (C), 164–189.810

Gertler, M. and P. Karadi (2011). A model of unconventional monetary policy.811

Journal of Monetary Economics 58 (1), 17 – 34. Carnegie-Rochester Conference812

Series on Public Policy: The Future of Central Banking April 16-17, 2010.813

Gertler, M. and N. Kiyotaki (2010). Chapter 11 - financial intermediation and credit814

policy in business cycle analysis. Volume 3 of Handbook of Monetary Economics,815

pp. 547 – 599. Elsevier.816

Gualdi, S., M. Tarzia, F. Zamponi, and J.-P. Bouchaud (2015). Tipping points in817

macroeconomic agent-based models. Journal of Economic Dynamics and Con-818

trol 50, 29 – 61. Crises and Complexity.819

Guerrieri, V., G. Lorenzoni, L. Straub, and I. Werning (2020, April). Macroeconomic820

implications of covid-19: Can negative supply shocks cause demand shortages?821

Working Paper 26918, National Bureau of Economic Research.822

He, D., S. Zhao, Q. Lin, Z. Zhuang, P. Cao, M. H. Wang, and L. Yang (2020). The823

relative transmissibility of asymptomatic covid-19 infections among close contacts.824

International Journal of Infectious Diseases 94, 145 – 147.825

Heffernan, J., R. Smith, and L. Wahl (2005). “Perspectives on the basic reproductive826

ratio”. Journal of the Royal Society Interface 2, 281–293.827



Macro Epidemics 54

Hethcote, H. (2000). “The Mathematics of Infectious Diseases”. SIAM Review 42 (4),828

599–653.829

Horan, R. and E. Fenichel (2007). “Economics and ecology of managing emerging830

infectious animal diseases”. American Journal of Agricultural Economics 89, 1232–831

1238.832

Horan, R. and C. Wolf (2005). “The economics of managing infectious wildlife833

disease”. American Journal of Agricultural Economics 87, 537–551.834

Horan, R. D., E. P. Fenichel, C. A. Wolf, and B. M. Gramig (2010). Managing835

infectious animal disease systems. Annual Review of Resource Economics 2 (1),836

101–124.837

IMF (2020). World Economic Outlook: A Long and Difficult Ascent. World Eco-838

nomic Outlook 1, International Monetary Fund.839

Jones, K., N. Patel, M. Levy, A. Storeygard, D. Balk, and P. D. J.L. Gittleman840

(2008). “Global trends in emerging infectious diseases”. Nature 451, 990–993.841

Kaplan, G., B. Moll, and G. L. Violante (2020, September). The great lockdown and842

the big stimulus: Tracing the pandemic possibility frontier for the u.s. Working843

Paper 27794, National Bureau of Economic Research.844

Khan, A., M. Naveed, M. Dur-E-Ahmad, and M. Imran (2015). “Estimating the basic845

reproductive ratio for the Ebola outbreak in Liberia and Sierra Leone”. Infectious846

Diseases of Poverty 4, 13.847

Kiley, M. T. (2020, Oct). Pandemic Recession Dynamics: The Role of Monetary848

Policy in Shifting a U-Shaped Recession to a V-Shaped Rebound. Finance and849

Economics Discussion Series 2020-083, Board of Governors of the Federal Reserve850

System (U.S.).851



Macro Epidemics 55

Krueger, D., H. Uhlig, and T. Xie (2020, April). Macroeconomic dynamics and852

reallocation in an epidemic: Evaluating the “swedish solution. Working Paper853

27047, National Bureau of Economic Research.854

Lenhart, S. and J. Workman (2007). “Optimal Control Applied to Biological Models”.855

London: Chapman and Hall.856

LePan, N. (2020). A visual history of pandemics.857

Liangrong, P., W. Yang, D. Zhang, C. Zhuge, and L. Hong (2020, February). Epi-858

demic analysis of covid-19 in china by dynamical modeling.859

Ludvigson, S. C., S. Ma, and S. Ng (2020, April). Covid-19 and the macroeconomic860

effects of costly disasters. Working Paper 26987, National Bureau of Economic861

Research.862

Maliszewska, M., A. Mattoo, and D. Mensbrugghe (2020, April). The Potential863

Impact of COVID-19 on GDP and Trade: A Preliminary Assessment.864

Mckibbin, W. and R. Fernando (2020, April). The global macroeconomic impacts of865

covid-19: Seven scenarios. SSRN Electronic Journal .866

Merton, R. C. (1973). An intertemporal capital asset pricing model. Economet-867

rica 41 (5), 867–887.868

Mihailov, A. (2020, April). Quantifying the Macroeconomic Effects of the COVID-19869

Lockdown: Comparative Simulations of the Estimated Gaĺı-Smets-Wouters Model.870
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