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Abstract:

The impact of health infrastructure on economic growth in the
framework of endogenous growth models has been studied in a
few research pieces; however, the impact of the Covid-19
pandemic on economic growth in the endogenous growth models
has not yet been studied. The present article expands the existing
pieces of literature in several ways. First, investigating the impact
of the Covid-19 pandemic on economic growth in a steady-state
situation. Second, identifying the threshold level of health
infrastructure impact on long-term economic growth by
considering the Covid-19 pandemic. Third, modeling of
population dynamics and the Covid-19 pandemic. Fourth,
modeling the level of following the protocols and public
awareness of the Covid-19 pandemic and examining their impact
on long-term economic growth. The developed model was
calibrated using the information of a transition country, Iran.
Results show if the health infrastructure is higher than the
threshold level of 0.87, the output level will have an upward trend
in the presence of the Covid-19 pandemic. Otherwise, the output
trend will be downward. The increasing output could lead to the
spread of the Covid-19 pandemic even in the long run in the
Iranian economy. At a certain level of income, with the
improvement of the health infrastructure, the level of Covid-19
pandemic release will decrease.

The Covid-19 pandemic is a severe shock to the supply and demand of the
economy in all countries. The impact of this pandemic on the economy can be
analyzed from both micro and macro aspects. From a micro perspective, its
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impact on companies and businesses can be examined. In this respect, supply
shocks have increased the cost of transportation, labor force, investment, raw
materials, and the cost of converting inputs into outputs (transformation costs).
Demand shocks have also reduced domestic and foreign demand; Thus, the
micro-level impact of these shocks is falling demand, rising production costs, the
closure of many of the activities, and the spread of unemployment and deepening
recession. However, at the macro-level, Covid-19 pandemic affects aggregate
demand, consumption, private investment, the government budget (revenues and
expenses), foreign trade (exports and imports), and overall economic growth (in
different economic sectors and the entire economy).

Because economic growth is a long-term phenomenon, an endogenous growth
model has been proposed to investigate the impact of the COVID-19 pandemic
on economic growth. However, the impact of health infrastructure on economic
growth in the form of economic growth models has been considered in studies
such as Agénor (2008), Gupta and Barman (2010), and Klarl (2016). Therefore,
the present study has expanded the existing pieces of literature in several ways.
The first contribution is that it has examined the impact of the Covid-19
pandemic on social welfare. The second contribution is that it examines the
threshold level health infrastructure's impact on long-term economic growth by
considering the Covid-19 pandemic. The third contribution is that it has modeled
the population dynamics and pandemics of Covid-19. The fourth contribution is
that the level of compliance with the protocols and public awareness of the
Covid-19 pandemic has been taken into account in modeling.

The present article is organized into six parts. In the second part, studies related
to the impact of pandemic COVID-19 on macroeconomic variables and the
impact of health infrastructure on economic growth are reviewed, and the novelty
of the present paper is clarified. In the third part, an endogenous growth model is
developed. In the fourth part, the developed model is calibrated using the
information of a transition country (Iran). The fifth section is dedicated to
discussion. The last section is dedicated to summarizing the results.

2. Literature Review

Although the study of the impact of the Covid-19 pandemic on macroeconomic
variables, including economic growth, has little history, much attention has been
paid to the impact of health infrastructure on economic growth. On the other
hand, different techniques have been used to examine these effects. The purpose
of this section is to briefly review the existing studies and identify the
contributions of the present article. Accordingly, the existing studies can be
divided into two groups according to the purpose of the present study: the impact
of the Covid-19 pandemic on macroeconomic variables and the impact of health
infrastructure on economic growth. The following is a summary of the findings
of some existing studies.
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2.1. Covid-19 Pandemic and Macroeconomics Variables

With the spread of the Covid-19 pandemic, numerous studies have been
conducted in all fields, including health economics. Most studies in this group
have focused on production and economic growth (e.g., Chudik et al., 2020;
McKibbin and Fernando,2020; Ludvigson et al,2020; Bonadio et al., 2020;
Bagqaee and Farhi, 2020; Abo-Zaid and Sheng, 2020;Milani, 2021). However, in
some studies, other variables such as unemployment, asset value (e.g., Ludvigson
et al., 2020; CEspedes et al, 2020; Milani, 2021), and the co-movement of
financial markets (e.g., Samadi et al., 2020) have been considered. The subject
matter of most studies (e.g., Chudik et al., 2020, McKibbin and Fernando, 2020;
Bonadio et al, 2020; Milani, 2021) has been worldwide; however, in some
studies (e.g., Samadi et al., 2020; Bagaee and Farhi, 2020; Ludvigson et al.,
2020; Abo-Zaid and Sheng, 2020; Milani, 2021), the focus has been on
examining the impact of the Covid-19 pandemic on macroeconomic variables in
a particular country.

Chudik et al. (2020) used a threshold-augmented dynamic multi-country model
(TGVAR) to quantify the effect of the Covid-19 pandemic on macroeconomic
variables. The results of this study showed that Covid-19 pandemic significantly
reduces global output. Nevertheless, this effect is different among the countries
of the world. This effect is more severe and prolonged in the United States, the
United Kingdom, and several other advanced economies than in China and other
emerging Asian countries. CEspedes et al. (2020) have developed a minimalist
macroeconomic model of an epidemic. The theoretical results of this study
showed that the occurrence of adverse shocks due to rising unemployment and
declining asset value has a significant impact on the economy. There is also the
possibility of multiple equilibria. Using the Hybrid Global DSGE/CGE Model,
McKibbin and Fernando (2020) examined global macroeconomic outcomes from
different scenarios of how Covid-19 will evolve next year. They emphasized the
importance of spillover effects and showed that even a limited outbreak could
significantly affect the short-term's global economy. Bonadio et al. (2020)
studied the effect of Covid-19 on production growth in 64 countries and
examined the contribution of global supply chains to these adverse effects. The
results showed a 29% drop in average real GDP in response to the Covid-19
shock. Milani (2021) also sought to examine the economic and social response to
the Covid-19 pandemic in 41 countries using the Global Vector Autoregressive
(GVAR) model. This study showed that social networks help explain the spread
of the disease and explain the spillover between countries in understanding
coronavirus risk. Another finding of the study was that unemployment also
responded to health shocks, particularly in the United States and Spain.

The focus of limited studies has been on the impact of the Covid-19 pandemic on
macroeconomic variables in a particular country. Ludvigson et al. (2020)
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investigated the macroeconomic impact of the Covid-19 pandemic on the United
States using a VAR technique. The study predicted that the Covid-19 pandemic
would lead to a 20% drop in industrial production and a 39% drop-in service
sector employment over the next 12 months.

Bagaee and Farhi (2020) have used nonlinear production networks. They have
considered the effect of supply shock and shocks of final demand components on
total production in a multi-segment neoclassical model with input-output
relationships. The results of this model for the US economy show that
considering the nonlinear relationship (depending on the analysis horizon and the
exact size of the shocks) may increase the Covid-19 pandemic effect by 10 to
100%.

Abo-Zaid and Sheng (2020) developed a multi-sector dynamic stochastic general
equilibrium (DSGE) model in which the Covid-19 pandemic shock affected both
supply and demand. The results of calibration using US data showed that the
effects of the demand-side and the supply-side are more robust in the short-run
(between 2 to 4 seasons) and long-run, respectively. Samadi et al. (2021) also
used the Wavelet Coherence and Segmented Regression methods to investigate
the effect of the Covid-19 pandemic on the co-movements of financial markets
and concluded that the Covid-19 pandemic did not affect the co-movement of
financial markets in Iran.

2.2. Health Infrastructure and Economic Growth

In several studies, the impact of variables has been investigated in the health
sector, including health infrastructure on economic growth and different
techniques. However, few studies have included the variables representing the
health sector in endogenous growth models. In the following, several important
studies related to the present article have been reviewed.

Van Zon and Muysken (2001), in the framework of Lucas (1988)'s endogenous
growth model, considered a household utility function of the level of health and
consumption. In this model, a trade-off between health and human capital
accumulation was assumed. Also, health services production had a decreasing
return, and human capital accumulation had an increasing return to scale. This
study showed that health is a complement to economic growth, and any re-
allocation of labor from the health sector to human capital accumulation activities
will lead to reduced economic growth.

Agénor (2008) studied the optimal allocation of government spending between
economic infrastructure and the health sector by adding health to Barro (1990)'s
endogenous growth model. This model assumed that health has a positive effect
on both labor productivity and household utility. The main feature of the model
designed by Agénor (2008) is that it considers the effect of economic
infrastructure on the production of goods and services and the supply of health
services. The level of health services was considered an input in the function of
health goods production, and health expenditures were considered input in the
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function of health production. Agénor (2008) first solved the model by
considering health as a flow variable and then as a stock variable in the
production and utility function. This researcher has sought to find the optimal
allocation of government investment between economic infrastructure and health.
Gupta and Barman (2010) extend this model by adding environmental pollution
to Agénor (2008). In an endogenous growth model, the researchers focused on
the role of public infrastructure spending, health spending, and environmental
pollution. The production function in the model of these researchers was similar
to the production function of Agénor (2008); the utility function was considered
only as a function of consumption. The results of this study show that economic
growth leads to environmental pollution, and as a result, the quality of the
environment decreases, and the rate of accumulation of health capital decreases.
Hosoya (2014) designed an endogenous growth model concerning health
infrastructure and investigated policy implications and dynamic equilibrium
characteristics. In this model, health infrastructure was considered a stock
variable. It was assumed that health infrastructure would be improved only
through government investment in health. The household utility function was
also considered a non-separable function, including consumption, leisure, and
public health infrastructure level. This study showed that public health
infrastructure plays a vital role in the development policies of low-income
countries.

Klarl (2016), like Gupta and Barman (2010), incorporated pollution and health
into the endogenous growth model; the difference was that he had also included
the health status in the function of utility. In this study, it has been assumed that
health status increased directly with increasing investment in health and
decreased with increasing pollution. The model was calibrated using OECD
countries' data. This study showed that in an economy with a relatively high
value to health and the change in environmental tax is more than the marginal
amount, welfare differences are obvious. Schon et al. (2017), by adding the
health sector, have developed an overlapping generations model with endogenous
growth to explain three stylized facts in the US economy: increasing life
expectancy, increasing the share of GDP allocated to health spending, as well as
increasing medical goods prices.

Zhang (2018) has also developed a dynamic general equilibrium model with
endogenous wealth and health. He considered health care as a function of health
services and the time spent on health care. By simulating his model for three
types of households, he was able to identify the existence of a locally stable
equilibrium point.

How health sector variables are included in the endogenous growth model in the
mentioned studies is presented in Table 1.
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In sum, not many studies have been conducted on the subject of health and
endogenous growth models. Van Zon and Muysken's (2001) study was one of the
first studies to incorporate health into Lucas (1988) 's endogenous growth model.
The study of Agénor (2008) was another study in this field, which has been the
basis of the studies of Gupta and Barman (2010) and Klarl (2016). Hosoya
(2014) was also one of the researchers who have considered health a function of
utility and production. Schén et al. (2017), in an overlapping generations model
with endogenous growth, have focused more on investing in health and
producing health goods along with consumption goods. Zhang (2018), on the
other hand, has more broadly incorporated health into growth models, as health
services were considered in the production function, and health care was
considered in the welfare function; additionally, health care was considered a
function of health services.

Table 1. Summary of Health Studies in the Context of Endogenous Growth Models

Authors How to model health in endogenous growth models
Van Zon & The utility function includes the health variable, and a trade-off between health
Muysken and human capital is considered.
(2001)

The level of health services is considered an input in the function of production
of health goods. Health expenditures, is considered an input in the function of the

Agénor (2008)  production of health. The utility is considered a function of consumption and
health services. It is assumed that government expenditure is spent on both
infrastructure and health services.

Health capital is considered an input in the function of the production of goods
and services. A health capital accumulation function is also considered a direct
function of government spending on health infrastructure. In this function,
depreciation due to environmental pollution is added, which reduces the
accumulation of health capital.

Gupta and
Barman (2010)

The health stock is entered in the final goods production function. It is assumed
that the health infrastructure will be improved only through government

Hosoya (2014)  investment in health. The household utility function is also considered a non-
separable function, including consumption, leisure, and public health
infrastructure level.

Like Gupta and Barman (2010) has introduced pollution and health into the
Klarl (2016) endogenous growth model. The difference is that he has also included the health
status in the function of utility.

The utility function is considered a function of consumption only, and the price

Schén et al of health relative to the consumer good is included in the household budget.
(2017) Goods produced in the economy are considered two types of consumer goods and
health goods.

Production is considered to include capital goods, consumer goods, and health
services. The labor supply function, in addition to population, human capital, and

Zhang (2018)  working hours, including health. In addition to leisure and consumption, health
care is also included in the household utility function. Health care is a function of
health services and the time spent on health care.

Source: Our own elaboration
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The present paper has modeled health infrastructures such as Agénor (2008),
Gupta and Barman (2010), and Klarl (2016); However, it has expanded the
existing studies in several ways. First, it has analyzed the impact of the Covid-19
pandemic on social welfare. Second, it examines the threshold level of health
infrastructure's impact on long-term economic growth by considering the Covid-
19 pandemic. Third, the population dynamics and pandemics of Covid-19 are
modeled. Fourth the level of following the protocols and the level of public
awareness of the Covid-19 pandemic has been taken into account in modeling.

3. Model

3.1. Welfare function

The most common form used to formulate the welfare function in most economic
studies is a function in relation (1):

Max] = {Jr:U(Cr)e_'“dt] (1

where U(C, ) is instantaneous utility function and has a positive relationship with
the level of consumption (L,); (- = 0). The marginal utility elasticity must be

constant over time to derive the optimal steady-state at a positive rate.
Accordingly, in most studies on _sustalnable growth, the instantaneous utility
function is considered U(C,) = 9= T Boucekkine and Fabbri, 2013, and
Barro and Sala-i-martin, 1995: p 11 4) In this functlon = (0 is the amount of
intertemporal elasticity of substitution of private consumptlon andg = 0 is the
discount rate.

We assume that the Covid-19 pandemic reduces the level of social well-being in
each period. Accordingly, in the present paper, the instantaneous utility function
is considered as Equation 2:

v(c) =(2=) " 1 @)

(1+e;

where @,, is the prevalence of Covid-19 ' (number of patients), and T (between 0

and 1) is a sensitivity of the community to this pandemic. According to Equation

! The prevalence of the disease was a stock variable; however, the incidence of the disease is a flow variable.
Given that in this paper, we seek to write the equation of motion for the Covid-19 pandemic, the prevalence of
the disease is included in the modeling.
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(2), if the Covid-19 pandemic is completely gone (&, * @), the instantaneous

utility function (2) will become the utility function in the absence of this
pandemic (Equation (1)). If the epidemic is very widespread (&, — o), then the

utility tends to zero, and welfare of society will be in the minimum possible
amount.

The parameter 7 is also called "community sensitivity to the Covid-19
pandemic". Depending on the sensitivity of the people to this pandemic, this
parameter will be between 0 and 1. If society does not show any sensitivity to the
pandemic (when this pandemic does not exist, people will not develop
sensitivity), the value of this parameter will be zero. Therefore, in this case, the
instantaneous utility function (2) becomes a standard form (Equation 1) and will
be only a function of consumption.

Figure (1) shows the instantaneous utility function (2). In optimizations, the
defined utility function must be concave. Figure (1) shows that such a condition
is met by considering the instantaneous utility function (2).

It is assumed that the social planner seeks to maximize intertemporal utility
between zero and infinite times. Therefore, the social welfare function can be
considered as relation (3) :

T(14m )T
1—r

Max fﬁm G o TPh At 3)

T t0000

. 00

6000 e
5000

< 4000
—< T a0m0

Consumption

Figure 1. The effect of Covid-19 emission and consumption on the utility process
Source: Research Finding

3.2. Equations of Motion

To maximize intertemporal utility, households, firms, and social planners face
some constraints. These constraints can be written in the form of equations of
motion. The household budget constraint can be written as equation (4):
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K.=Y,—C,—CC,—dK, 4
where K, is a change in capital stock during the time. & is depreciation rate, C, is

aggregate consumption, and £C; is public health costs to deal with the Covid-19

pandemic'. For simplicity, we assume that the cost of dealing with the Covid-19
pandemic is a fixed amount of revenue:

cc, =4Y, %)

where £ is a parameter that shows the percentage of revenue that is spent against
Covid-19. By replacing Equation 5 in Equation 4, we have:
f\.fr=1’r—Cr—E1';—5Kr 6)

In most existing growth studies, the population growth rate is assumed to be a

fixed value such as (b —d), where b is the birth rate and d is the death rate.

However, the equation of population growth can be written as equation (7):

N_ = (b-d)N, (7

This equation can be easily solved and show that the population is growing
exponentially at b — e rate over time (N, = Nue(b_d“). One of the effects of
any pandemic, including the Covid-19 pandemic, is that it inevitably affects
death rate. Therefore, the population growth equation (Equation 7) must be

adjusted. Under such circumstances, population growth will be a function of the
Covid-19 pandemic. The death rate is assumed to have increased due to the

presence of the Covid-19 pandemic, and the death rate is in the form of dg(@,).

Therefore, in this study, instead of the usual equation of motion for population
(Equation (7)), we have Equation (8):

N.=bN,— df(6,)N, )

The functional form of & (®f) can be considered 2(8,) = 8.“, where 1-w is

"health infrastructure development rate." So, we will have:

' Given that the cost of treating the Covid-19 pandemic does not affect reducing the number of patients, in
Equation (4), the amount of these costs is ignored.
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N, = bN, — d6,“N, ©

If @ is equal to zero, &,“ will be equal to one, and Equation (9) will be a typical

dynamic relationship for the population. This means that the Covid-19 epidemic
did not affect death rate. If @ is equal to one, we will have the largest impact of

Covid-19 on the death rate. This rate can also be considered a criterion for
evaluatmg the performance of the country's health infrastructure. )
Another favorite equation of motion in this paper is the equation of motion for

@,. It is assumed that the prevalence of the disease (number of patients) in period

t+1 (8.4, is equal to the level of this epidemic in period t (&,) plus factors that

lead to its decrease or increase. Therefore, the prevalence variable (number of
patients) can be written as a recursive equation (2,,, = &, + f(L,,CC,)) and

as a function of CC, (the amount of cost allocated to control Covid-19) and L,
(the amount of labor as a proxK variable for the level of individuals economic and
social activities). Inevitably, the higher the level of social activity at the time of
the epidemic, the greater its spread. It is important to note that the spread of the

Covid-19 epidemic also depends on the extent to which individuals follow health
protocols. We assume:

f(L.,cc)=yL cc.™ (10)

where ¢ can be called "rate of non-compliance with protocols" (percentage of
people who do not follow health protocols) and 17 is a parameter can be called

"level of awareness and knowledge of the virus." 1 is also the constant ratio of

labor to population. The equation of motion for the prevalence of the disease
(number of patients) can be written as Equation (11):

@, — SL.5(cc,) M —7e, (11)
where { can be referred to as the "Covid-19 pandemic attenuation parameter" (or

disease depreciation rate), if the protocol is fully complied with, ¢ will go to zero,

and we will have: (8, =3 (C‘Cr)'ﬁ — ¢ 8,). This means that the protocols are

running at a high level and social activities have no effect on the spread of the
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virus. If people do not follow the protocols, ¢ tends to one, and we will have

(6, = 3L (CC,) *—{0,). In this case, social activities have the greatest

impact on the spread of the virus, and anyone can easily transmit the virus and
spread the epidemic.

On the other hand, if we know a lot about viruses, ¢ g _is assumed to be one. The
costs of controlling a virus have the most significant impact on controlling it. If
this parameter is assumed to be zero, the cost of controlling the virus has virtually

@, =3L° (O,

no effect on controlling the epidemic, and we will ~* . By
replacing the labor relation (L, = 1'N,) as well as the cost to control the Covid-

19 (CC, = #¥,) in (11), we will have:

0, = JPE NS — 7o, (12)

3.3.The General Form of the Production Function
In this paper, a Cobb-Douglas function is considered in the form of equation

(13):
¥, — AL,°K.F (13)

where K, is the capital stock, L, is labor force, and A is transfer parameter.
Labor can be considered a percentage of the total population (L, = '!/N,) to

simplify the model. Therefore, ' is another control variable that the social
planner determines according to the state of the economy.

3.4.Solving
The summary of our model is in the form of equations 14:

= 1—o 14+ 8 —Tll—e) .
Maxf e 3 e Prdt
o

1—o
8, = JYSEUNSY, Y — (o, (14)
N, = bN, — d@,“N,
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K,=Y,—C,—{Y, — 6K,

1,2' = ALE'RKfE

In equations (14), we have three control variables; consumption, percentage of
the labor force to the total population, and percentage of income to control the

epidemic (C,, i1, £) and three state variables; physical capital, disease prevalence
(number of patients), and population (K. @,, I,).

The purpose of solving the model is to calculate the rate of economic growth and
population growth rate in steady-state in the presence of Covid-19 pandemic. To
solve the model, we form the current Hamiltonian function as Equation 15:

B Wt 7L N(b-de.)+ L[(1-fY, - C.— SE]+
PR R AR CY

(15)
where 4,4, 4 are the co-state variables, and the other variables are the same as
before. By differentiating the current Hamiltonian function with respect to the

. X dH
control variables; consumption (E = (), a percentage of the revenue allocated
t

. . BH .
to the Covid-19 pandemic control (ﬁ = (), and a percentage of the population

that makes up the workforce ('), we have:

ax =0 = Cr—r(l i El.r)—r':i—:r:- —..1: =1 (16)

2

i : s Lallhes 3L,
5 = 02 —AF + g[Syt TS = 0=

—A (03PN ) = 4,1

(17)
dH T T oo =1 p— pr - . —Upr Tpor —fi-
a_‘;: 0= A [(1— Day] + &[S n sy, ¢ —o3y©L, '5.-'5.;::; v =0 (18)

According to the type of concave utility function, the transversality condition will
be established in this maximization. By solving the 16-18 relationships, we can
calculate the percentage of revenue allocated to control the Covid-19 pandemic
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(), the steady-state economic growth rate in the presence of the Covid-19

pandemic (g"), and the population growth rate (g,). These variables are

calculated in Equations 19-21, respectively.

#
== (19)

¢
Equation (19) shows that as the level of household awareness (science) of the
Covid-19 pandemic and ways to prevent it increases (1 increases), the percentage

of revenue that should be allocated to deal with the Covid-19 pandemic in the
steady-state. On the other hand, compliance with health protocols by the

community (g) will reduce the percentage of revenue for pandemic control. If

society wants to maintain its output, it is necessary to use its labor force before

the outbreak of this pandemic. In this case, more money should be spent on

fighting this pandemic. This effect is also included in the form of production

sensitivity to labor ().

The steady-state rate of economic growth in the presence of Covid-19 pandemic

level can be written as Equation (20):
. (b—de e

- 20)

On the other hand, the relationship between output and prevalence of the disease
(number of patients) can be written as equation (21):

6, = Rr.* (21

where;
1 B8q°
. L (I:q - zm),@)‘?
e i clp + &)
N = (1-Flg—fe

o

By replacing Equation (21) in Equation (20), the amount of steady-state
economic growth rate for the Covid-19 pandemic level can be calculated from
Equation (22):

(1 — Japeyr wii’y (22)
L dWMUY eR )

¥ o

g T 1 g
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Also, the path of production in the steady-state (¥;) can be calculated through

Equation (23):
1 3 vy 0 L APPSR P
Ifr — |:';_l+(FYD - "') e..l WIk(e E‘D:' = (23)
where;
=T
h=b Py
w[(1l—Fl —Pal+ a
B o
1 211~
% — o d FapcpY A_;((q 21’9‘&]_{?)_;
1—f f,' W clp+ &)

Lemma (1): Increasing production does not necessarily lead to an increase in
the prevalence of the disease (number of patients).

Proof: According to the equation (23) with the increase of production, the
prevalence of the disease (number of patients) can be decreasing or increasing.
We had:

1-B)g—0
g L —B)g—Da
144

Increased production leads to a decrease in the prevalence of the disease (number
of patients) when ¥ is negative. In other words:

_ (1 — B)lgc — F=

™ =0 —=(1—Flc < =(1—28)
o
. B
.- {:T':Alﬁil
L B 4t gl b
<

This means that if public health costs to deal with the Covid-19 pandemic are
more than 1 — [, then the incidence of the disease (number of patients) will

decrease as production increases. In other words, if the elasticity of production to
physical capital () is higher than the share of other household expenditures

(1 — %), then increasing production will reduce the prevalence of the disease

(number of patients) and otherwise will increase it.
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Steady-state population growth rate can also be written in terms of economic
growth rate as equation (24)':

9. =(=5)g (24)

o

4. Calibration: The Case of Iran
4.1. Data
The data required to calibrate the model are presented in Table 2.

4.2 Health infrastructure, population, and economic growth

In this section, the relationship between the level of health infrastructure and
economic growth, as well as population growth in the presence of Covid-19
pandemic in steady-state is analyzed.

Figure 2 shows the relationship between health infrastructure and economic
growth in the presence of Covid-19 pandemic. It is clear from this figure that the
higher the health infrastructure index (1 — ), the lower the impact of the Covid-

19 pandemic on economic growth in steady-state; So that in the worst case (value
of the index of health infrastructure equal to zero), economic growth is 14%. In
the best case (health infrastructure index equal to 1), the long-term economic
growth rate (steady-state) will be equal to 1.8%. According to the Central Bank
of Iran reports, in 2020, Iran's economic growth rate was -3.5%. As mentioned,
the state of Iran's health infrastructure is not good, and the expansion of the
Covid-19 pandemic has had a significant negative impact on economic growth.

' See Equation A18 in Appendix.
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Table 2. Parameters Required for Model Calibration

Parameters Definition | Value Source

Reverse intra-periodic . .
substitution elasticity o 0.92 (Eslamuliyan, Harati, & Ostadzad, 2013)
Discount rate P 0.024 (Eslamloueyan & Ostadzad, 2014)
Birth rate b 0182 Statistical center of Iran

) https://www.amar.org.ir/english
Death rate d 017 Statistical center of Iran

) https://www.amar.org.ir/english
Health infrastructure index 1-w - Parameter for Sensitivity analysis
Capital depreciation rate o 0.1 (Ostadzad & Behpour, 2015)
Elasticity of Labor a 0.779 Research Findings'
Elasticity of capital stock B 0.462 Research Findings'
Labor / population ratio v 0.261 Research Findings®
Observance parameter of _ P .
health protocols 1-¢ 0.56 Calibration assumption
Knowledge about Covid-19 9 0.4 Calibration assumption
Covid-19 depreciation rate ¢ 5 Calibration assumption

Notes:

1.Production elasticity relative to labor and capital in Iran has been estimated
using data from the period 1967-2018.

2.According to the relationship between labor and population (7., = 14N ,), and

data from 1967-2018, the value of the parameter 1 for the Iranian economy has

been estimated. The value of this ratio was between 0.24 and 0.29. The average
of this variable was 0.261.

0.0z g B
-0.04 - B
-0.06 |

-0.08 [ o B

Steady state growth rate

0.14 [ T

-0.16
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Health infrastructure index

Figure 2. The Relationship between health infrastructure and economic growth

Source: Research Findings
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Figure 3 shows the relationship between the level of health infrastructure and
population growth in the presence of Covid-19 pandemic in steady-state. At best
(health infrastructure equals one), the long-term population growth rate will be
1.45%, and at worst (health infrastructure equals zero), the population growth
rate will be -9% in a steady state. This means that the state of health
infrastructure can play an effective role in eliminating the destructive effects of
the Covid-19 pandemic, including on the population. In 2020, Iran's population
growth rate was 1.24%.

Population growh rate in steady state

Figure 3. Health infrastructure and population growth

Source: Research Findings

4.3. Covid-19 pandemic, Health infrastructure, and economic growth

This section answers two critical questions: (1) Does production increase lead to
the spread of a pandemic or not? (2) At what level of health infrastructure can the
expansion of the Covid-19 pandemic increase economic growth?

The path of production and the extent of the Covid-19 pandemic spread at
different levels of health infrastructure are plotted in Figures (4) and (5). As can
be seen from Figure 4, if the level of health infrastructure is greater than 0.87, the
level of production will have an upward trend in the presence of the Covid-19
pandemic, and if it is smaller than that, the overall trend of production will be
downward. Lemma 1 also showed that increased production could expand or
decrease the level of Covid-19.

Since the total expenditure of households in control of the Covid-19 and the
elasticity of production with respect to capital is less than 1; (£* 4+ £ < 1), it can

be expected that the increase in production could lead to the expansion of the
Covid-19 pandemic even in the long run in the Iranian economy. One reason for
this can be attributed to poor infrastructure in health. Figure (5) also proves this.
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The relation between the Covid-19 pandemic and the production and level of
health infrastructure is shown in Figure 6. As is evident, at a certain level of
income, with the increase of health infrastructure (a decrease in the value of the
x-axis), the prevalence of Covid-19 will decrease. On the other hand, at lower
levels of the horizontal axis, the level of Covid-19 will not increase much as GDP
increases. This means that health infrastructure is an important factor in
preventing the spread of the Covid-19 pandemic despite increased production.

| Hil=0.99 Hil=0.93 Hil=0.87
d 75 i
8
5 145
17
; i85 65
§ 8
TR EEE R 0 015N B N K M 0 5 W D BN B A
it Hil= 081 Hit=0.75 Hil= 069
1
18
6
155 |
i
155 i
0 52 3 § 0 008 2 3 R EEE
Hil= 063 Hil= 0.57 Hil= 051
18 8 e
15 "'5 )
14
1
12
0 5 X N % 0 R T 0 R EEERE
Hil= 045 Hil= 0.38 Hil= 033
i § 16
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Figure 4. Trend of Production (Y)
Source: Research Findings
Note: Vertical axis is Y and Horizontal axis is Time



A. H. Ostadzad, A. H. Samadi and E. Homaie Rad

195

Hil= 0.99 Hil= 0.93 Hil= 047
19 ? . 1855
14 1
i 185
"
15t | 165 1645
L]
5 M o152 B N OB A 05 1Ot XN B BB L 005 OB BB BB M
. Hik 081 Hi= 0.5 il 0.9
1%
(8}
1§
155 1%
155 3L "
005 M5 N B N B A R E R 105 N OB oD B W %
Hil= 0.57 Hil= 0.51
15
14
R E RN 0 S0 B N5 ¥ 5 @ I EEEEE
Hil= 045 Hil 0.39 Hil= 0,33
(4] i 18
|
T { 14
I
1 i
R L. (T e ) TR N

Figure 5. Trend of Covid-19 pandemic

Source: Research Findings
Note: Vertical axis is Covid-19 and Horizontal axis is Time



196 Dynamics of Covid-19 Pandemic, Health Infrastructure, and Economic ...

0.12 -

0.08 -

0.06 —

Level of Covid-19
2
2
/

) ;09
o1 0.2 0.3 04 0.5 0.6 0.7 0.8

Rcal GDP Health Infrastructure Index

Figure 6. Covid-19 Pandemic, Health infrastructure and economic growth

Source: Research Findings

5. Discussion

In the first months of 2020, the COVID-19 pandemic made a global shock on the
world economy. Assessments showed that gross domestic product (GDP) growth
would be between 3-6 % in the best scenario, and 10-15 % fall in the worst
scenario (Fernandes, 2020). Despite its consequences on the population's health
and high numbers of mortalities, it highly affected the market's supply and
demand (Rainisch et al., 2020).

Lack down caused decreasing working time, unemployment, and many
businesses' failure (Chudik et al., 2020). Both mentally and physically Ill-health
consequences of COVID-19 lead to a decrease in labour force productivity and a
decrease in both households and businesses income (Pfefferbaum and North,
2020, Gorlick, 2020), as well as reduce household consumption and the ability to
purchase commodities (Martin et al., 2020). The economic recession was a
critical effect of the COVID-19 pandemic, which caused a decrease in the GDP
of affected countries (Chudik et al., Nicola et al., 2020). However, countries'
output losses due to the COVID-19 pandemic are not consistent with each other
(Konig and Winkler, 2020). They are highly related to the development status of
the country (higher developed countries GDPs are more affected by a health
emergency), the extent of the government intervention for controlling the
pandemic, and the incidence rate of the pandemic in the country, and
preparedness of the country for dealing with communicable diseases emergencies
like the COVID-19 pandemic (Kénig and Winkler, 2020; Sousa Junior et al.,
2020).

Preparedness of the countries is related to the availability of health infrastructure
in each country (Gilbert et al., 2020). These infrastructures contain physicians,
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hospital beds, ICU beds, ventilators, and population health literacy. These factors
are very different, even in developed countries (Jee, 2020; San Lau et al., 2020,
Kapoor et al., 2020). For example, the number of ICU beds was 5.2 per 100000
populations in Japan (2019) while it was 33.9, 8.5, and 3.6 in Germany, Norway,
and New Zealand in 2017, respectively. In 2018, the number of hospital beds was
13.05 per 1000 population in Japan, 5.9 in France, 3.1 in Italy, and 2.61 in
Denmark (Organisation for Economic Co-operation and Development, 2020).
These differences might explain the diverse effects of COVID-19 pandemic and
economic growth. In the present study, due to the lack of data about the dynamic
relationship between economic growth, health infrastructures, and COVID-19
pandemic, we decided to find new evidence pieces to show the dynamic
relationships between these factors.

Iran is the 18" largest country in the world. It has near 80 million populations.
Iran has a mixed health system financing multiple resources like public and
private health insurances, social security, taxation, oil revenues, and charities are
gathering money for health and medical care. However, primary health care
services are totally provided by the government, and the private sector does not
contribute to service providing (Khosravi et al., 2017). Health governance is
highly centralized, and the Ministry of Health (MoH) is responsible for each
country's health intervention. However, medical universities have the authority to
deliver health and medical care services to the people of each province. The
ministry of health is responsible for policymaking, planning, supervision of
health and medical organizations, gathering health standards and medical
guidelines, and training health professions (4A/maspoor-Khangah et al., 2017;
Sajadi et al., 2019).

The number of hospital beds in Iran was 1.72 per 1000 population in 2017, which
was low compared to other middle eastern countries. Besides, for every 900
populations, the country had one physician (population-physician ratio), which
was at an average rate in the middle eastern countries. The life expectancy of the
population has been increased during the past decades (67.7 in 1984 for men to
75.47 in 2017 and 71 for women in 1984 to 79.36 in 2017) (World Health
Organization, 2019; World Bank Group, 2020). Access to primary health care
has been increased highly during this period, and now 99% of the population in
rural areas access primary healthcare (PHC). The family physician plan was
implemented in 2005 in rural and small cities, but the ministry of health could not
find an effective model to be implemented in the cities higher than 20000
populations.

Despite the government's efforts to achieve universal health coverage (UHC),
people paid 59.5% of their health and medical costs in the out-of-pocket form,
and health insurances supported only 40% of costs. 3.82% of the population
faced catastrophic health expenditures in 2015, and the utilization of medical
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services did not increase after the plan (Doshmangir et al., 2019; Lozano et
al.,2020). The United States economic sanctions to Iran have been augmented,
and the country is faced with a deficiency in the governmental budget, decrease
in per capita GDP, high inflation rates, and increase in unemployment. Local
currency value has been decreased to one-third in 4 years, and foreign health and
medical equipment prices have been increased highly (Sashi and Bhavish, 2019,
Fotourehchi,2020; Iran, C.B.o.LR.o., 2020).

Iran was one of the first countries faced with the Covid-19 pandemic in the
world. Due to official reports, the number of confirmed Covid-19 patients was
654936 until 6 November 2020; 36985 were dead during the period. Iran faced
four epidemic peaks during the period, and all of the provinces of the country
were faced with Covid-19. The country faced 438 deaths per one million
populations (World Health Organization, 2020). On the first days of the entrance
of the Covid-19 to the country, the government did not react effectively to
restraint the spreading of the virus. The first intervention (lack down and
controlling travels and closing offices, schools, and businesses) was implemented
at least three weeks after the entrance of the virus (Kaffashi, and Jahani, 2020;
Zeinali et al., 2020). Government and society alliance in managing the outbreak
was not sufficient in the first weeks of entrance the Covid-19 (Raoofi et
al.,2020). However, this intervention was highly effective and helped to decrease
the spread of Covid-19. After four weeks, the government started to decrease the
level of lack down, and the strategies were changed into social distancing
strategies and face mask utilization. Lifesaving and protective equipment were
inadequate, and effective policymaking was highly delayed (Raoofi et al.,2020).
The United States economic sanctions resulted in catastrophic economic
conditions, especially for the poor, increase in medicine prices and higher
inabilities to import essential commodities (Gorji, 2013; Danaei et al., 2019;
Murphy et al,2020) and implementation of new lack down strategies will
decrease the government revenues highly (Samadi et al., 2020). In addition, inter-
sectoral collaborations for decreasing the spread were very low, and other
organizations did not help the Ministry of Health in controlling the epidemic
(Raoofi et al., 2020, Bazrafshan and Delam, 2020).

The present article investigates the impact of health infrastructure on economic
growth in the framework of endogenous growth models. In this study we first,
investigate the impact of the Covid-19 pandemic on economic growthin a
steady-state situation. Second, we identify the threshold level of health
infrastructure impact on long-term economic growth by considering the Covid-19
pandemic. Third, we mode the population dynamics and the Covid-19 pandemic.
Fourth, we mode the level of following the protocols and public awareness of the
Covid-19 pandemic and examining their impact on long-term economic growth.
Finally, the developed model was calibrated using the information of a transition
country, Iran. Our results shows If the health infrastructure is higher than the
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threshold level of 0.87, the output level will have an upward trend in the presence
of the Covid-19 pandemic. Otherwise, the output trend will be downward. The
increasing output could lead to the spread of the Covid-19 pandemic even in the
long run in the Iranian economy. At a certain level of income, with the
improvement of the health infrastructure, the level of Covid-19 pandemic release
will decrease. Our results are consistent with Hosoya (2014). He showed that
public health infrastructure plays a vital role in the development policies of low-
income countries.

6. Conclusions

The Covid-19 pandemic should be considered the cause of the deepest recession
in the world's history; therefore, it is necessary to study its impact on economic
growth and welfare.

Economic growth is a long-term phenomenon. The Covid-19 pandemic is also
predicted to have short-term and long-term destructive effects. Also, depending
on the state of the health infrastructure in countries, the pandemic effects on
economic growth will be drastically different. Accordingly, this article seeks to
answer these questions in order to evaluate the impact of the Covid-19 pandemic
on economic growth: Does this effect depend on the level of the country's health
infrastructure or not? Also, given the unknown dimensions of this pandemic,
what will be the population dynamics? Does the level of people's awareness of
the pandemic and following protocols reduce its impact on economic growth?

An endogenous growth model has been developed and solved to achieve this goal
and answer the questions. Given that the impact of this pandemic on the
economic growth of developing, underdeveloped, and transition countries are
expected to be greater than that of developed countries, the developed model has
been calibrated with the information of a transition country (Iran). The results of
this article show that the Covid-19 pandemic will hurt economic growth and
population in the country in a steady-state, but by improving the health
infrastructure, its negative impact can be reduced. Another finding of this study is
that health infrastructure has led to the threshold of 0.87 to increase production in
the presence of the Covid-19 pandemic.

This result shows that the impact of this pandemic is very destructive, and the
country's policymakers and international organizations such as the World Health
Organization must think about financial assistance to these countries to repair and
improve their health infrastructure.
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Appendix:

Equation (15):

The problem of optimal control is as follows:
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Now we can extract Equation 19 using relations A1-A3 and other functions:
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" Loy —g-1 Yri
+Aa[~_up'-‘£ (ens 2y, 8 — oSy, cr?]] =
!
" i!'r
Ay=ph ~ |1~ d8 ) + 1| (1 - Dasl
. B
+ Ay (e Sy - ﬂ,vr‘-“LY;"a]]I =

Ay =23l - 8] - 2o (0 — D 2 )~ 2[5 oSG — 00

(A6)
Ay = pis -E s Ay = piy — I}lz (E'J. — DB - ﬁ) + s (—ﬂﬁipfe.’_ﬁﬁ'fl’r"g_Lﬁ%}]
=y = phs — IA: (:1 VR .5.‘} 5y (-ﬂamfr“nﬁr’r-ﬁ%}] =
Y ; Fi 3 - —F 81
o=l (p—(1— DB Z+8) — i (058y° MY 2) (A7)
A= phy — 2 = 1 = plg + 101+ 0979 4, du,8, 4 + (g A8)

¥, = Apt N5 F
A= €L+ @
Ag(@syptritn ) = 2,y 8!

.01 — Dt = 4,5 [Fa— dN,¢
. : .
Ay =Aylp— (b - dg; )] - 4, ( (- ﬂwﬁ] — R[5y (g — 2 1]

L=2(p-01- ﬁﬁ%+ ) —7s (ﬂ'ﬁﬁw‘f"sfffi’r'sh%:]

Ade=(o+ Oy + 16151 + 8. T -1 4 3, dwiv, 62!

N, =bN, —d8,“N,
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- o Kt 4 Yt Ct o 4 Yt Ct o
K=V G W=k =g =(-0g-gF-2g=0-0F-F-10

8, = 3w sy, f —ce,

In the steady state, we expect shadow prices (co-state variables) to have a zero-growth

rate, Therefore, according to the relations (A6-A9) we will have:

)
0=A,0p — (b— d6,)] — A, ( (1- rm,k—f]
,

— A5t — s v ]

A =0.0AE)
_

Alp — (b—d8,%)] = i, ({1 - {w%) + 4[5S — BaN Y,
g (A9)
Now we consider the co- state variable 4z to be equal to zero. In this case we will have:

L=DAT ¥, y 1y
=0AD  =a, (p— (L-0FF+8)— 1y (ﬂi‘ﬁw‘ﬂ'ﬁﬂ}‘l’r“s—.] =
: LY K./

(p+o--0p ;] = 4 (B3py L N Y ° hl—r] =

+ ), — (1— DY, 1y
L({p )& —(1—bF r}zﬂq (ﬂﬁﬁwq-ﬁﬁrfyr-a_r] ory
K, J K

Lllp + 5K — (1 - DEY,) = L[@58y NSV %) =

_ #3fyl v T
A =4 ('Zﬂ+5':‘~‘.-—=l—'-"n5'!'.~] (A10)

Finally, in relation (A8), we set the third co-state variable (A:) to zero and simplify

relation A10:
JI.=D
0= p+ DA+ TG+ 8T 4 A dw e, s (A1)

By placing the relation (A10) in (A9) and slightly simplifying:
ALDinAY

Al (B dEMT]
BB N ST A
=1 ."-?HL t r )({_1_ {:m‘.—fr
(p+ &k —(1-{EY; Ny
+ A3 i — s ] =
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Ao — (b — d8,%)] N
L ER e o
=40- "7'“(1:;: F oK — (- ﬂsn)
+ A[50S L% (e — Ba)N, Y] =

(1—Dasfy, _
G+oK—(1-0fY, ° "“) -

Ao — (b—d6,“)] = 1 awﬂf"ﬂh}f-lv;ﬂ(

g~ g € e B {1 BTy
A, =4 W I'ri'-ldth': T
1— 3

[n—(b—da 1] (A12)

+i—far)

(ALL){ALZ)

0
=(p+ A + T (L + g Tt

s S B f=Lyr = [ (1 Dadfi;

.1115' I!- a"lr Yr "-|:,|'J T ﬁ:lKr — I:.l — J:Iﬁi"r
[0 — (b—dg.*7]

+ g—ﬂaj

+ 4y ~dwh, 9,2t

0=+1C (1 +@, )

P LA (A N | (1= {)adfV, _
9 sutt P awe, NSy, (i'ﬂ+ AT =T = npvt S sa)
: g — (b—de,~]
+p+
1= — L R
== 2 Pas™ Tt | |.|;_h'.:.r!:ﬂ:':|?!'r“‘- wa
R e (A13)

The following is according to the relations (A10-A13):
e : F IR & I i A
_ - Lar €y _ d+ul), 2 L
(oot NS ) s LY s I3 gt ov
_ A st g - Baln,
A(1—Darft = 5 e — S 2= 2 T o
21— fat; ALY [ cIV; FY i.‘l_g:myrﬁﬂ_
b2 S ET-AVAT S RS Al ) A, | BBy Sy
T s+ Ok, - (1= 0EY., T Ay L=V, —(p+ 8K,
gapel Y e Tp-selng  #iswer “nig
T -0eRtT T (-0 (pk, (Al4)

In relation A14, we equate the relations in pairs. In this case we will have:
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Syt —dalNS  e3FPtLONSYE [c— #al
(1— eyt~ Q-0DFY—(p+ 85 (1-DarS+t
a8v. ¢

SO -DfY, - (p+ 0K

[c-8all(1- HBY,— [p+ &)k, = 86Y, (1 - Da¥,* ' =

[t —Ba][(1- DY, — (p+ E)K] = #F(1 - e¥;
= (L — g —Ffa) f¥, — (p+ &) (g — Falk; = (1 — Nal; =

(1= D) — )Y, — 8B(L— Da¥, = (p+0) (g — Bai K = (1~ HBY;I(c —9a) — fa]
=g +dc —Ffalf, =

(1— DBY:(c—28a) = (p +6) (¢ — Ba)K; =

[p+E)(g-dal

Y= h—mait (A15)
Equation (A15) shows that the amount of production at steady state is a constant
coefficient of capital. (This result is common in Ramsey model). By placing in relation
A14 we will have:

st S Pc—8alNS 8t [¢—®a] 8 [¢—da]

YAt (l-fart - (I-Da { (1-Da

Bail—{) = —fn]f= Ba— %) =[gf —def]l =2 =Ba =
fa

==
r

(A16)
which is the same as the Equation (19) and represents the percentage of revenue that

should be spent on controlling the Covid-19 pandemic.

Equation (20):
By placing the relation (A16) in (A15) we have:

(p+Rlc—de) _ _ (p+dlc—da) lo+8)
Yr= B B2 h= ¢— o ﬁr:ai;r:': —28a)f =
(1—T:]|:|;'—2L‘Jnf]£ ( - ) (¢~ 23a)8 foe
9y=0x=9 (AL7)

Now, according to the production function and the relation (A17), the population growth

rate has been calculated in terms of the steady state economic growth rate.
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Cpee § Tymds=gt . Oe=n - .
¥, = AY°NSKF ————g" =ag, + fyg —’&?n:':LT]i? (A18)

The following is according to the population dynamic equation:

- N
Ny = bN, — dar“m}—w—f =b-d8,* = g,=b—d6,* = g,= b—ds*
b

P PR g
n= 'T-' 1 — L _ _ w
( p ’]3_1 =bh—-d9" =

« _ [b—de2

=" (A19)
Equation (A19) shows the rate of economic growth given the level of the Covid-19
pandemic. Given the dynamic equation of Covid-19 and the fact that we expect the
growth rate of Covid-19 to be zero at steady state, we have the Equation (A20).

8, = syptrinsy,® e, spirtnCvf=ge, =

e
4

e A A Y-

(A20)
On the other hand, according to the production function, the Equation (A15) and with a

little simplification, we have:

o _lc-2emp ;

g PR e o ((§ 28008
¥, = AyCN,CK, ¥, = ApoN, ({)_{“M r',) =
v, = apee [ L2008 Fvﬁ:rl‘ﬁ—ﬁlw“ﬂ K zoayr]’
EET T Telp+ @ e TV TR Teipn B)

a5

- (¢ —28e)f

1I-8 _ gt r
¥, iF = g ( ot D ) N,

p+El

(A21)

With a little simplification in Equation (A21) we will have the population in terms of

production:
1 i
o AT le-2Eal BT _-’
M= () Th .

Next, we place Equation (A22) in Equation A20:
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According to the Equation (A23) and change the parameters
1 it
e Py —
"‘ﬁ:ly—Lli— .r___ER‘.IS‘:I ‘:| s 1—[Fig—tfa
¢ v ( sessl S | and N , we have:
GRS A (A24)

This relationship indicates the relationship between production and the level of Covid-19.

Equation (23):
According to Equation (A19), the production equation can be calculated in terms of time:
. (b—ds. " . @
= =—ih - ¢ 4
T—p Top 48
=M AZY '] PR . ¥4 o ol
g :l_ﬁ(b—r{kﬂul’r )= g :m(b—m. ¥;~¥)
T v :
e — ARy
= 7-1= ﬁ?(b dRUY,N =

1:’! _ OO ey @l
At e e LG (A25)
a
= bﬁ
1= —dn®
we change 1-3 in (A25). So, we have:
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¥, i o ;
o= A= v =y Ay Rkl (A26)

In order to find the standard shape of the differential equation, we also change the
parameter ¢ = @&+ 1 on the Equation (A26).

¥e=hY, — A1 (A27)
Equation (A27) is a standard Bernoulli differential equation. Due to the variable change,

we solve this differential equation according to the initial conditions:
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