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Abstract

As coronavirus (COVID-19) spreads throughout the world, epidemi-
ological (SIR) models are widely being used for research. Indeed, these
models are very useful for modeling the spread of virus, but they do
not take into account the behavior of economic agents operating in the
economy. This paper extends closed economy DSGE model in order to
evaluate the impact of coronavirus on the economy. Our model makes
clear that people’s decisions to reduce consumption and working hours
due to health crisis leads to economic recession. As a result, spread of
virus declines. Expansionary monetary policy decreases the size of GDP
decline, but it is costly in terms of health. This result shows that there is
a trade-off between the output loss caused by the epidemic and the health
consequences of that epidemic.
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1 Introduction

The latest pandemic shock stimulate to modify standard DSGE models by incor-
porating into it health block and linking epidemiology models, which can allow
to understand the repercussions of the pandemic shock on the whole economy.
There are several papers in the literature, which analyze the pandemic shock
and the transmission of this shock.

Eichenbaum et al. (2020) extend the canonical epidemiology model to study
the interaction between economic decisions and epidemics. Their model implies
that people’s decision to cut back on consumption and work reduces the severity
of the epidemic, as measured by total deaths. Moreover, containment policy,
represented by tax on consumption, deepens the economic crisis, but reduces
the number of infected and deaths. Their results indicate the presence of trade-
off between GDP and the number of deaths.

Kruger et al. (2020) use Eichenbaum’s model by composing several heteroge-
neous sectors that are differentiated by infection probabilities. They assume
that consumption of goods can be shifted from market place to home. Likewise
remote work can replace office work. High flexibility of consumption and labor
supply among sectors decreases the spread of infection and mitigates loss in con-
sumption. By introducing additional social distancing and hygiene activities,
they show that infection declines entirely and the curve gets reversed. The main
idea is that in flexible economy with high substitution of consumption across
sectors and smoothly functioning labor markets, health shocks are less costly
and economy quickly adapts to changes.

Acemoglu et al. (2020) develop multi-risk SIR model (MR-SIR) with 3 age
groups: "young’, "middle-aged” and ”old”. Infection and fatality rates vary
across these groups. The result is that in contrast to uniform lockdowns which
treats all the groups equally, applied targeted policies to a particular group do
a better performance in terms of both economic and health outcomes. During
optimal targeted policies, it is possible to decrease fatality rate given output loss
and vice versa. Semi targeting policies that involve strict lockdown of elders and
allow other groups to be economically active, achieve lower fatality rate com-
pared to uniform policy and reduces economic damage. Combined targeted poli-
cies that decrease interactions between groups, also outperform uniform policy
and significantly reduce fatality rate and mitigate economic damage. Further-
more, combining targeted policies with different tools such as social distancing
between groups, testing and isolation can improve trade-off between economic
activity and public health.

Adda (2015) using high frequency data from France finds that while policies
reducing inter-personal contacts such as school closure or the closure of public
transportation networks reduce disease prevalence, they are not cost-effective.
These policies would become cost effective for flu epidemics in instances when
their death rate is above average.

Tordj (2013) attempts to apply a New Keynesian open economy model to sim-
ulate the economic consequences of influenza epidemic in Poland and measure
the output loss (indirect cost) related to disease. The simulated indirect cost



in the New Keynesian model has turned out to be lower than the estimates
that one could possibly obtain using the human capital approach. The reason
for this discrepancy is the demand-oriented construction of the New Keynesian
framework.

This paper aims to model the healthcare sector in the propagation of the pan-
demic shock and attempt to find out the effects of Covid-19 spread on economic
decisions. In this framework the role of monetary policy is also important as
the coherent policy during pandemic outbreak is a significant issue, that policy-
makers are concerned about. In our model we consider standard New Keynsian
dynamic stochastic general equilibrium model (NK DSGE) for closed economy
extended by incorporating health block into it. There are three main agents:
households, firms and central bank. The representative household consumes
health and non-health goods, represents labor supply and do investment for
capital accumulation, which is divided into health capital and physical capital
accumulation. Firms are divided into two sectors: health sector and other sec-
tor. They use effective capital and effective labor to produce consumer goods.
It should be noted, that the effectiveness of labor is measured by the stock of
the health capital. Model highlights that expansionary monetary policy during
the pandemic shock, in spite of the fact that it is stimulate the economy in the
short-run, promotes health stock to maintain lower level in that period.

The rest of the paper is organized as follows. Second section develops and
describes two-sector DSGE model. Third section illustrates the calibration of
the parameters. Section four performs the main results of the model, repre-
senting dynamics of the main economic variables in response to the health and
monetary policy shocks and sensitivity analysis for studying which parameters
mostly drive the health stock and the main economic variables. Finally, section
five concludes.



2 The Model

This section develops standard set of microfoundations in a DSGE model, al-
lowing to take into account health and its economic implications. The basic
structure of the model is as follows. Households receive utility from non-health
goods consumption, from leisure and from being healthy. Health status is intro-
duced within the household utility function & la Yagihashi and Du (2016), and
it indicates the health stock accumulation. The representative household works
in health and non-health sectors, consumes goods, which are divided into health
and non-health goods, investment in health and non-health capital accumula-
tion. Households solve two optimization problems. Firstly, they minimize their
total expenditures and decide how much consume health and non-health goods.
Secondly, they maximize their utility function subject to the budget constraints,
which states that all sources of income must equal all uses of income within each
period. Households are assumed to own all factors of production in the economy
(capital and labor in our model). They also hold some amount of government
bonds that pay a nominal riskless interest rate. Households also choose the uti-
lization rate of capital and supply it to domestic firms producing intermediate
goods. Firms in non-health production sector uses labor and capital resources to
produce non-health consumption goods. Health sector producers use the same
resources to produce health consumption goods and isolation. The intermediate
good producers in each sector use Cobb-Douglas production function. The mon-
etary authority sets the nominal interest rate via Taylor rule. The schematic
representation of the model is captured in figure 1.
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2.1 Households

The household seeks to maximize the following utility function
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where F; is the expectation operator condition on information available at time
t, (5 is the discount factor, C is the consumption of non health goods, Ny,
and Ny, are working hours in non-health and health sectors respectively, ¢
and @g are the inverses of the Frisch elasticity of labor supply, xy and xg
are the disutilities from working, H; is the household’s health status, ¢ and 7
are the inverse of the intertemporal elasticities of substitution for non-health
goods consumption and health status, respectively and v is the utility weight
on health status.

Household seeks to maximize the utility function subject to the following
budget constraint:
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where I is the investment of capital in non-health production sector, Iy
is the investment of capital in health production sector , Wy and Wy are
corresponding nominal wage rates for non-health and health sectors, Py and
Pp + are price indexes of non-health and health consumption goods, respectively,
By is an amount of government bonds that pay a nominal gross interest rate of

Ry, %N M.¢ is the isolation (hours) represented in terms of consumption goods,

Rﬁ ; is the rental price of effective capital K f { ! , U; ¢ is the capital utilization rate,
a(u;,) is the cost of setting utilization rate (¢ = N, H) and Div, are dividends
of firms, which are owned by households.

In this model health status of the households is represented as a stock, that
is depreciated over time. Therefore households make investment, consisting
of medical goods and isolation time, for maintaining their health status. It
should be emphasized that the isolation hours are costly for households as they
could spent this time by working in the non-health sector. Consequently, the
opportunity cost of self isolation is the real wage in the non-health sector.
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The occurrence of a health disaster is captured in the following health accu-
mulation equation:
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where ¢}, is the depreciation rate of health, the middle term is health investment

conducted by health spending(C ;) and isolation (;’iﬁ £ N M,t). The schematic

representation of health stock’s accumulation is represented in figure 3.
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Capital stock evolves according to the following equation:
K’i,t+1 = (1 - 5i)Ki,t + Ii,t Z = ]\/v7 H (214)

where 9; is the depreciation rate of capital. Effective capital is a positive function
of capital K, utilization u; and labor Ny:

Ki{f = ’anKi,tUi,tNZi‘ i=N,H (2.1.5)

(2.1.5) equation shows that if labor supply decreases, it also leads to a decrease in
effective capital. Following Christiano et al.(2011), this paper uses the functional
form of capital utilization given by:

1. . . , gl
alus) = SEE2 4 G0~ + (2 1) i=NH  (216)
where &, and &, are parameters of the function. This function is very convenient
for the analysis, because it becomes zero in steady state.

Inserting (2.1.4), (2.1.5) and (2.1.6) into (2.1.2) and maximizing (2.1.1) sub-

ject to (2.1.2) and (2.1.1), we get the following first order conditions:
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where A\; and pu; are Lagrange multipliers.
Combining (2.1.7) and (2.1.12) we get the intertemporal consumption equa-
tion (Euler equation):

1
B

Rewriting (2.1.9) and (2.1.10), then using the definition of Lagrangian multi-
plier, we are left with the household’s labor supply equations:
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Substituting A\; by C\% in equations (1.1.13) and (1.1.14), capital supply equa-
tions get the form:
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Combining (2.1.8) and (2.1.11) we get that consumption of health goods is
proportional to isolation hours:
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From (2.1.15):
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which determines the optimality condition for health investment.
Rewriting (2.1.16) and (2.1.17) we are left with optimality conditions for
capital utilization rate:
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2.2 Firms

On the production side, there are two sectors: health sector and non-health
sector.

2.2.1 Health goods production

Final health good producers modify all intermediate inputs into total output in
health care sector and minimize their total expenditures. As a result, we get
demand function for health goods:

Yira(j) = (P;;I(j)>€HYH,t (2.2.1)

The intermediate health goods producers operate in monopolistically com-
petitive market and use Cobb-Douglas production function for health goods

production:
YH,t = AHﬁt(KIe_I{tf)aH (NHJHt)l*O‘H (222)

where Ap , is the cyclical technological process and a is the share of effec-
tive capital in production function.

The intermediate health goods producers seek to maximize their profits,
which results in an optimal allocation of effective capital and labor:
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Real marginal cost of health sector is a function of real wage and real rent of
effective capital along with health stock and temporary productivity
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Firms set prices following & la Calvo (1983): only the (1 — ) fraction of inter-
mediate firms can reoptimize its prices. Solving price setting problem we derive
nonlinear Phillips curve as in Sims et al. (2019):
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2.2.2 Non health goods production

The problems for intermediaries and final good producers in non health sector
identical to the health care sector.

The production function of intermediate non health goods is represented by the
following Cobb-Douglas function:

Yy = AN,t(K;/{{)aN(NN,th)PO‘N (2.2.9)

The equations for optimal allocation of resources and real marginal cost are as
follows:
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Phillips curve of non health sector goods is given by the set of following
equations.
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2.3 Market Clearing Conditions

On the one hand, output of the health sector is divided into health goods con-
sumption and isolation:

Yire = Cry + 5 Narg (2.3.1)

)

On the other hand, the production of the non health goods is the sum of the
non health consumption, investment in the health and non health sectors and
the capital utilization costs of both sectors.

Yn:=Cns+Inig+Ias +alun ) Kne + alum) Kue (2.3.2)

11



2.4 Monetary Policy

To complete the model, the endogenous interest rate must be set by the mon-
etary authority. We assume that the monetary authority implements inflation
targeting policy via Taylor-type interest rate rule:

R, = Rt—l pr HN,t-i—l Hm YN,t + YH,t pyy (I=pr)
e 53 Vs oy (2.4.1)
Res HN YN + YH

The Central bank’s rule has some persistence and reacts to non-health goods
inflation expectations and the output deviation from its steady state.

3 Calibration

This section presents our baseline calibration. The model is calibrated on a
quarterly basis. First, we discuss the parameters, which differ within sectors.
Particularly, we set the price stickiness parameter of non-health goods to 0.8,
i.e. prices stay unchanged for five quarters on average. By contrast, we calibrate
the price stickiness parameter of health goods 8y = 0.5 (prices stay unchanged
for 2 quarters on average), here we make assumption that during health shock
the price of health related goods is more flexible compared to normal times,
when the price stickiness of health and non-health goods would be very close to
each other or even the vice versa.

The labor supply elasticity parameter of non-health sector, ¢y, is set to 1.2
and the same parameter for health production sector is set to 2.5 indicating
that all other things being equal, people are more willing to work in non-health
sector due to the risk of getting infected (the common value of this parameter is
2 (see Christiano et al. (2009)). As for disutility parameters from working, we
set xy = 2 and xgyg = 8 (non-health and health sector respectively) indicating
the fact that in equilibrium the steady state level of employment in non-health
sector is higher.

For the rest of parameters that are presented in two sectors we set equal to
each other for not imposing further heterogeneity among this sectors, namely
«, share of capital in production function, is set to 0.5 for both sectors and we
choose dp and dn (depreciation rates of capital stocks) to be 0.03.

Now we turn to the parameters directly related to health stock, namely,
depreciation rate of health stock (dy), share of health goods in health investment
(an), the utility weight on health status () and the intertemporal elasticity of
substitution for health status (7). They are set 0.025, 0.25, 1.1 and 3 respectively.
These parameters are not common, because the health sector is not modeled
explicitly in DSGE framework at least prior to COVID-19 pandemic. Thus, this
parameters are calibrated based on our knowledge of their nature (for example,
we assume that, on average, people consume less medical goods for maintaining
their health level compared to leading a healthy lifestyle), and to match the
data reported worldwide regarding the effects of pandemic. As an extension,

12



we also do model sensitivity analysis with respect to this parameters to see to
what extent they affect the impulse response functions of health shock.

For the rest of the parameters presented in the model we set following values.
The coefficient of the inverse of the intertemporal elasticity of substitution for
non-health goods consumption (o) is 1.1, the discount factor g is 0.99, implying
annual real interest rate of 4%. We set ey and ey (the elasticity of substitution
among intermediate goods for health and non-health sector) to be 5 and 6
respectively, implying 25% and 20% mark-up in steady state.

The coefficients of the reaction of interest rate to inflation expectations i,
and output gap u, are set 1.2 and 0.2 respectively. The value of the smoothing
parameter in Taylor type rule p, is calibrated to 0.6. This calibration is very
close to values used in the literature.

4 Results

This section discuses the dynamics of the main variables of the model in response
to health shock and discusses the response of monetary policy to health shock,
and does some sensitivity analysis as well.

4.1 Impulse responses to health shock

Figure 4 displays the impulse response functions to a negative health shock,
which indicates the extent of outbreak of covid-19 pandemic in the economy.
Health shock is calibrated in a way to have a quarter on quarter decline in GDP
growth of 10%.

Negative health shock decreases health status of the households by gen-
erating negative health stock. The accumulation of health shows a positive
correlation between isolation and health shock. Therefore the more hard hits
the shock, people become more isolated in order to recover their health. As a
result, health stock converges its steady state about 50 periods later.

During pandemic, households increase their demand for medical goods and
decrease the consumption of non-health goods. To meet the additional demand,
firms in health sector hire more labor. On the other hand, output in other sectors
decreases. Wages respond similarly. Real wage increases in health sector due to
higher labor demand and decreases in other sectors. As a result, labor increases
in health sector and decreases in non-health sector.

As shown in equations (2.2.4) and (2.2.11), marginal costs are an increasing
function of real wages and a decreasing function of health stock. Particularly,
in health goods sector higher wages bring marginal costs up, which creates
inflation. The decrease in real wages in non health goods sector shrinks marginal
costs. Yet, the effect of the decrease in health stock exceeds and marginal costs
still go up. The reason of higher growth in non health sector marginal costs
is that in health goods sector marginal cost also depends on the relative price
of health to non health goods negatively. The relative price of health to non

13



health goods increases and health goods become relatively expensive. This fact

restricts the increase of marginal cost in health goods sector.

a deflation.

In health sector prices are more flexible and the price elasticity of marginal
cost is higher. This creates higher inflation. On the other hand, the presence
of price stickiness in non health goods sector prevents inflation and emerges

dropping interest rates.

Higher demand in health goods sector also requires more investments to
boost production. This leads to an increase of investments in health sector and
decline in other sectors. As a result, more capital is accumulated and utilized
as a component of effective capital. The use of capital shifts from other sectors
to health sector. That’s why both capital and utilization of capital increase in
health sector and decline in other sectors. Therefore by increasing the capital
utilization the latter’s cost also increases in health sector and decreases in other
sectors accordingly. As a growing function of capital stock and utilization of
capital, effective capital also increases in health sector and declines in other
sectors.

Effective capital and labor are considered as inputs in the production. Thus
increase of production factors in health sector entails an increase of production
itself. The output in other sectors declines. Because in the overall production
the share of other sectors is greater than that of health sector, total output

declines.

growth declines by about 10%.
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Figure 4: Impulse responses to health shock

4.2 Sensitivity analysis

In this section we provide a sensitivity analysis to assess the results of health
shock by changing the values of some structural parameters of the model. First,
we check to what extent the impulse response functions of health shock depend
on some health related parameters. Figure 6 (Appendix D) shows the IRFs of
health shock for 2 alternative calibrations of depreciation rate of health stock
together with baseline calibration. First, we set 6, = 0.01 so health status
(stock) depreciates in slower pace and then we set it to be 0.15 to see the
adverse situation. For the second case (figure 7) we change the parameter of
health share in utility function. Applying the same logic as for the depreciation
rate we first set it equal to 0.4 and then 8. For 7 (the intertemporal elasticity
of substitution for health status) we set n = 2 and n = 8 (figure 8). The results
show that though the size of responses for some variables changes, but the sign
and dynamics of this responses remain almost the same (we do not see any
change in the sign).

We also do sensitivity analysis for policy function parameter p, (figure 9),
which shows to what extent Central bank reacts to expected inflation changes
from its steady state value. We set p,, = 50 (this value is very big). Comparing
this results with the baseline scenario we can see that although at the first
period the stock of health drops less compared to baseline calibration it decreases
more rapidly and reaches its minimum point which is bigger in absolute value
compared to baseline scenario. However, it reaches to its minimum point later.
So, we can conclude that implying stronger policy delays the stock of health
from achieving its minimum value.
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4.3 Impulse responses to simultaneous health and mone-
tary policy shocks

Now we turn to health and monetary policy shocks conducted simultaneously,
which is captured in figure 5. By mentioning monetary policy shock one can
refer to negative shock to nominal interest rate. The following unanticipated
temporary decrease in the nominal interest rate (deviation from Taylor rule)
raises demand for non health goods. This forces firms to increase labor demand
in other sectors and pushes up real wages. Higher wages motivate households to
supply more working time in other sectors. As a result, expansionary monetary
policy mitigates the reduction of total output and economic growth. Although
output declines less in the presence of expansionary monetary policy shock, it
worsens the health condition of households by lowering the stock of health. On
the contrary, more restricted economic activity mitigates the spread of infection
and flattens declining curve of health stock. Hence, there is a trade-off between
the recession severity and the health status of the epidemic.!
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Figure 5: Impulse responses to simultaneous health and monetary policy shocks

IEichenbaum M. S., Rebelo S., Trabandt M. make a similar statement in ” The macroeco-
nomics of epidemics” research paper.
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5 Conclusion

In this paper we incorporate health block into standard New Keynesian closed
economy DSGE model. To do this we split the production into health and non
health sectors and investigate the behaviour of households, firms and monetary
authority in the model. Health status is modeled as a stock with depreciation
rate and investment. Households invest in their health by consuming medical
goods and isolating from society. We study the impact on the main macroe-
conomic variables of negative health shock, which embodies the outbreak of
COVID-19 pandemic in the economy. We obtain that many macroeconomic
variables, such as consumption, investment, real wages, labor supply, capital
and its utilization, cost of utilization, output and inflation, are decreasing in
non health sector and switch to health sector. The key result of the analysis
is the decreases of health stock, inflation and total output, which leads to the
decline in interest rate.

We also analyze the consequences of expansionary macroeconomic policy
conducted by monetary authorities. Although the reduction of interest rate
mitigates the loss of total output, it deepens the decline of health stock curve.
Thus in order to flatten the curve and to improve society’s health condition, the
authorities have to restrict the economic activity by allowing a recession with
higher severity in the economy. In other words, there exists a trade-off between
economic and health consequences caused by epidemic. Results are in line with
results obtained by Eichenbaum et al. (2020).

There are some potential issues regarding further research worth to be noted.
First it would be better to extent the model by constructing a small open econ-
omy DSGE model and including risk premium with health shock, which would
introduce additional uncertainty.

Furthermore, one can add capital transformation from one production sector to
another. It does not give so much benefit from monetary policy perspective,
though. The problem is partially solved by introducing effective capital into
model, which is presented as a function of capital stock and utilization of capi-
tal.

We can also introduce government into model with its tools to perceive the op-
timal policy response to stabilize health crisis.

Finally, we can insert a health shock along with a liquidity shock to get closer
to reality.
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6 Appendix
6.1 Appendix A. The Steady State

In this subsection, we compute the steady state of the model. First, we assume
that in steady state the capital utilization costs are equal to zero:

a(up) =0 (6.1.1)

aluny) =0 (6.1.2)

and the follwoing variables are equal to one:

Ap =1 (6.1.3)
Ay =1 (6.1.4)
ug =1 (6.1.5)
uy =1 (6.1.6)
H=1 (6.1.7)
% _1 (6.1.8)
My =My =10 = 0% = 1 (6.1.9)

For solving the steady state model we endogenize fixed costs and some param-
eters:

(PN :YN,t_CN,t_IN,t_IHJ (6110)
%1%
Sy =Yy —Chyt — PN’tNM,t (6.1.11)
Nt
_ ! (6.1.12)
'Ym - NJ«\/;, L.
1
&=rn (6.1.14)
&, =18 (6.1.15)
Steady state value of marginal cost is the vice versa of markup:
—1
MCy =1 (6.1.16)
£n
EN — 1
MCy = (6.1.17)
EN
Solving the equation (2.1.18) in a steady state we get:
R=1 (6.1.18)
5 1.
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Using (2.1.21) and (2.1.22) , steady states of 7}, and rf; , can be represented
by the following:

ri = % —(1—=6n) (6.1.19)
& = % —(1-6g) (6.1.20)
From (2.2.4) and (2.2.11):
wy = MON(QN)QN(I _ O[N)lfoéN (i{)aN (6.1.21)
N
wy = MCH(QH)QH(I _ aH)lfoéH (i)aH (6122)
TH

Combining (2.1.23) and (2.1.24) in steady state we find the value of non-health

consumption:
1—ap 1—ayp %
(o (o (L=d)\ L (6.1.23)
Bap \1—« 11—« ap P o

Steady state values of Ny ; and Ny, can be found from labor supply equations:

Cn =

1

an 1 1 |7
Ny = N on)— — 6.1.24
N _(wN+7 1—04NwN)XNCX,_ ( )
_ Ll
1 1 YH
Ny = —_—— 6.1.25
H (wH+'7b1_anH)XH o ( )
Writing (2.2.3) and (2.2.10) in steady state we get:
ay  WN
Ky = —N. 6.1.26
N1 an ri N ( )
(6921 wWH
Ky = —N, 6.1.27
A= 1 ay ri& " ( )

Combining (2.1.3) and (2.1.23) we are left with the steady state value of
health goods consumption:

a 1—ap
CHzéh( h ) (6.1.28)

lfah

The steady state values for the rest of variables are following.

Ny = Cn— (6.1.29)



Kl = Ky
Kl = Ky
Y = Ny “"Kg!
Yy = Ny *VKN
Iy =0pKpy
Iy =0nKy

4 1 YyMCy

Ty

H
)

T C31-08(Tn);
1 Yy

T ORI 0BT

N~ 1 YyMCy

1

w3’

T O3 1- 08N,
1 Yn

T O 1—0B(IIy )N
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6.2 Appendix B. Model equations

1. Euler equation
1

g
2. Labor supply in non-health sector

Cgf,t = CXi,t+1HN,t+1Rt_l (6.2.1)

o WN. _ KNth?V
XNN;G%CNJ = Tt + UN,t’Ym’YnNX{jt 1P7¢ (6.2.2)
Nt Nt
3. Labor supply in health sector
o WH _ KH,tRI;{
XHNﬁfiCN,t = Tt + UH,t”Ya’YbNg’jt 1P77t (6.2.3)
Nt N,t

4. Capital supply in non-health sector

Cnie \° Ry
5( - > ((uzv,tHVmNX/”tH)W + (1 =0y — G(UN,t+1))> =1(6.24)
Cni+1 T PNty

5. Capital supply in health sector

Cne \' i
5(1\”) ((uH,HwaletH) L+ (1- 6 - a(UH,t+1))> =1 (625
ON 11 ’ Pn i1

6. Health care time decision

’ NMt = CH t (626)

7. Health investment decision

l—ap 1—ap
) —n CH. t4+1 1 Put+1 1=6p _ CHh.t 1 Py 1
6(111Ht+1 + (wN.f+1NA1,t+1) an Pn,i1 CF T\ wneNume an Pn: C%, (6'2'7)

N, t+1

8. Non-health capital utilization decision

K
n N)
Emntin s +&n(1 — m) = N3 ot (6.28)
Nt
9. Health capital utilization decision
Rfj,
gafbuH,t + gb(l - 511) - ’YaN}-Y[it PN7t (629)
10. Health accumulation
W 1—ay )
Hipy = (1—6n)H; + Cf}'}( PIJVV’: NM,t) — ggovid=19 (6.2.10)
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Health capital’s law of motion
Kraiy1 =1 —06a)Kpus + Iy
Non-health capital’s law of motion
Knty1=(1—06n)Knyt + Ing
Effective non-health capital
K;{f = Y KN cun N3,
Effective health capital
Kji,ff = YaKmum N,

Health capital utilization cost

alure) = %fufhuiu +& (1= Ea)ums + fb(% - 1)

Non-health capital utilization cost

1 m
CL(UN,t) = §§m§nu?\,¢ —+ gn(l — fm)UN,t + é‘n(% _ 1)
Relative price
St _ HH,t
Stfl HN,t

Health firms’ production function

Yo = AH,t(KZ{{)aH(NH,th)PO‘H
Non-health firms’ production function

Yn: = AN,t(K;{{)aN(NN,th)kO‘N
Optimal allocation of resources in health sector

k
THt  ag  Npgy
r - _ e
Wiy 1 on Kif]

Optimal allocation of resources in non-health sector

k
TNt  an Ny
[ eff
W, anN Ky ;

Real marginal cost of health firms

MCipy = (T];—I,t)aH( Wi )1“”’ (Y
! af l—an Ay H}7o" S,
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(6.2.11)

(6.2.12)

(6.2.13)

(6.2.14)

(6.2.15)

(6.2.16)

(6.2.17)

(6.2.18)

(6.2.19)

(6.2.20)

(6.2.21)

(6.2.22)



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Real marginal cost of non-health firms

MCr s — Tllcv,t o w;\f,t o 1
Nt= e 1—a An HE7ON
N N N,tf1y

First auxiliary variable of health goods Phillips curve

H _ YH’tMCH,t 0 HSH H
R a1 27 1
Nt

Second auxiliary variable of health goods Phillips curve

Y
H _ H,t eg—1 H
Loy = Cco +9H5HH,t+15’32,t+1
Nt

Optimal inflation of health goods

H
I — €H Tt

Ht — H,t
* eg — 1 :cgt

The aggregate inflation dynamics of health goods
My =0 + (1= 0) (L)'
First auxiliary variable of non-health goods Phillips curve

N YweMCwne ool oy
TNt = "o + ONBIIN 121 441
Nt

Second auxiliary variable of non-health goods Phillips curve

Y
N _ N,t en—1 N
Lo = ce + 9N6HN,t+1m2>t+1
Nt

Optimal inflation of non-health goods

N
H* o EN xl,t
= ——UN:i—

Nyt ey — 1 xévt

The aggregate inflation dynamics of non-health goods
H}ijw =0n + (1 —0n)(ITy,) ' 5N

Market clearing condition of health sector

1%
Yt =Cuys+ PN’t Npyrp — Py
Nt

Market clearing condition of non-health sector

Y. =Cny+Inig+ Ius+alun)Kne + alug) Ky — ®n
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(6.2.23)

(6.2.24)

(6.2.25)

(6.2.26)

(6.2.27)

(6.2.28)

(6.2.29)

(6.2.30)

(6.2.31)

(6.2.32)

(6.2.33)



34. Taylor rule

R, Pr
n= ()

35. Productivity of non-health goods

(HN,t-H ) Hr (YN,t + Y, > Hu }(1_“)
Yj\g/vs + Y;IS

ss
HN

AN,t = paNAN,tfl + (1 - paN)A}g\? + UaN,t

36. Productivity of health goods

37.Health shock

At = pag A -1+ (1= pay )AH + Tay e

covid—19

€t

_ covid—19
= Ph€i_1
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+ Oht

(6.2.34)

(6.2.35)

(6.2.36)

(6.2.37)



6.3 Appendix C. Calibration

Parameter Description Value
8 Discount factor 0.99
On Price stickiness of non-health goods 0.8
On Price stickiness of health goods 0.5

Share of capital in non-health
N . 0.5
production sector
o Share of capital in health 0.5
i production sector ’
Share of health goods in
Oh health investmergl;t 0.25
Depreciation rate of capital in
ON . 0.03
non-health production sector
5 Depreciation rate of capital 0.03
H in health production sector ’
On Depreciation rate of health 0.025
Labor supply elasticity in non-health
YN 1.2
sector
Labor supply elasticity in health
sector
p Interest rate persistence 0.6
On Reaction to inflation expectations 1.2
Dy Reaction to output 0.2
¢ Disutility coefficient of labor supply in 9
N non-health sector
¢ Disutility coefficient of labor supply in 3
H health sector
10) Utility weight on health status 1.1
Intertemporal elasticity of substitution for 3
" health status
- Inverse of the intertemporal elasticity of substitution for 11
non-health goods consumption '
- The elasticity of substitution between varieties of 6
N intermediate non-health goods
. The elasticity of substitution between varieties of 5
H intermediate health goods
& Parameter in capital utilization of health capital 0.2
Em Parameter in capital utilization of non-health capital 0.4

Table 1: Calibration
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6.4 Appendix D.
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Figure 7: Health shock (sensitivity analysis)
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Figure 8: Health shock (sensitivity analysis)
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Figure 9: Health shock (sensitivity analysis)

28



	Introduction
	The Model
	Households
	Firms
	Health goods production
	Non health goods production

	Market Clearing Conditions
	Monetary Policy

	Calibration
	Results
	Impulse responses to health shock
	Sensitivity analysis
	Impulse responses to simultaneous health and monetary policy shocks

	Conclusion
	Appendix
	Appendix A. The Steady State
	Appendix B. Model equations
	Appendix C. Calibration
	Appendix D. Sensitivity Analysis


