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The nexus impacts of the COVID-19: A qualitative perspective
Abstract
Bahri, Muhamad!

The world has been highly impacted by the COVID-19 as the virus has spread to all continents
— about 200 countries in total. The latest update claims about 4,000,000 confirmed cases and
about 300,000 confirmed deaths owing to the COVID-19 pandemic. This probably makes the
COVID-19 as the most dangerous contagious disease in the era 2000s. Apart from massive
publications on this topic, there is no available qualitative analysis that describes the dynamic
spreads of the COVID-19 and its impacts on healthcare and the economy. Through the system
archetypes analysis, this paper explains that the dynamic spread of the COVID-19 consists of
the limits to growth and the success to successful structures. The limits to growth elucidates
that more symptomatic and asymptomatic patients owing to infected droplets may be bounded
by self-healing and isolated treatments. The success to successful structure explains that once
the COVID-19 affects the economy through the lockdown, there will be a limited fund to
support the government aids and the aggregate demand. In overall, this paper gives readers
simplified holistic insights into understanding the dynamic spread of the COVID-19.
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1. Introduction

Since the coronavirus or the COVID-19 has impacted almost all countries across the world, a
lot of affected countries have experienced adverse impacts in terms of health and economic
aspects. Even, at least two countries, Italy and USA have surpassed symptomatic patients and
fatalities than those in China, the first affected country. As seen in figure 1, the COVID-19 has
affected almost all countries in the world including developed and developing countries.
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Circles show number of confirmed coronavirus cases per country.
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Figure 1. The infection map of the COVID-19 (https://www.bbc.com/news/world-51235105-
accessed on April 24", 2020)

It seems that the COVID-19 has not much-differentiated race, income, and geography as the
virus has infected black and white people, developed and developing countries, both in the
southern and the northern hemispheres. Likewise, because of our limited knowledge about the
virus and unavailable vaccine(s), some measures have been taken to eradicate the virus spread
such as physical distancing, self-quarantines, and lockdown(s).

The adverse impacts and controversies around the virus spread have attracted some scientists
to investigate several issues surrounding the COVID-19. Several studies investigated the virus
patterns such as how much its basis reproduction number (Tang et al., 2020; Zhang et al., 2020),
and its symptoms (Rothan, H. A., & Byrareddy, 2020; WHO, 2020). Other studies (Musa et
al.,2019 ;WHO, 2020; Yang, & Wang, 2020) focused on computer or mathematical modeling,
analyzing the virus transmission among humans.

2. Methods

System archetypes are a qualitative tool of the system dynamics approach. The system
archetypes, based on causality, balancing loops, and reinforcing loops, were used to describe
the dynamic of the complex system and archetypes are a useful approach to analyzing the
dynamics of possible scenarios of complex systems (Senge, 1991; 2014; Wolstenholme, 2004).
Likewise, system archetypes enable the decision-makers to see clear insights into the entire
system and predict the system behavior. The last but not the least, the system archetypes can be
used as a basis to develop a computer model to produce the observed system and simulate
possible policies for future scenarios.
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Identification of the system archetypes follows existing studies (Bahri, 2020; Senge, 1991;
Senge, 2014; Setianto et al, 2014). A causal loop diagram (CLD) based on existing studies was
developed, revealing combinations of balancing loop (B) and reinforcing loop (R). After
developing a CLD, a set of system archetypes (Senge, 1990) was used as a compass to identify
system archetypes. To identify and explain each of the system archetypes, four elements were
collected including, behavior over time, systemic structure, associated storylines, and generic
solutions.

3. Results and Discussion

A causal loop diagram
After collecting and summarizing data and a set of literature review, a simplified CLD

representing dynamic and relationships between the COVID-19, healthcare, and economic
factors are drawn in figure 2. In short, there are nine balancing loops (B1-B9) and seven
reinforcing loops (R1-R7). Likewise, each sub-system including the contagious effects, the
healthcare effects, and the economic effects has combination(s) of balancing loops (B) and
reinforcing loops (R). The detailed interaction between balancing and reinforcing loops are
explained for each sub-system in the following paragraphs.
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Figure 1. A simplified causal loop diagram — the coronavirus dynamic spread
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The contagious sub-system

As some studies (Musa et al., 2019; WHO, 2020; Yang, & Wang, 2020) explained, there are
symptomatic patients and asymptomatic patients amid the COVID-19 pandemic. Symptomatic
patients are people who are infected and showing symptoms of the COVID-19 such as cough
and breathing difficulty. Whereas, asymptomatic patients are people who have a better immune
system so they can eliminate the negative impacts of the COVID-19.

Figure 3 is an example of the limits to growth structure, this system structure explains that a
growth has a limited growth level. A reinforcing loop (R1: infected droplets — asymptomatic
population) is an engine growth stating that asymptomatic population will increase as long as
infected droplets or infected surfaces are available owing to human mobility. Human mobility
can be the main cause of spreading infected droplets or infected surfaces. Fortunately, the
symptomatic population may do self-quarantine or has a better immune system, an increase of
asymptomatic patients has a limit (B1: symptomatic patients — recovered population).

If a reinforcing loop has a stronger influence than a balancing loop, then there will be an
exponential growth (e.g Sterman, 2000; Pryut, 2013). Almost all affected areas (Germany,
South Korea, and the world respectively) show an exponential growth of the infected patients
despite recovered patients as seen in figure 3b.

Please kindly note that a sign “~ #  means that there is a delay between the process. For
instance, after a susceptible person touches an infected surface, there is a delay time between
the COVID-19 infects person’s body and his immune system reacts.
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Figure 3.
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Infected droplets also can increase the symptomatic population (R2: infected droplets —
symptomatic population), leading to an increase in the dead population and isolated population.
There are two treatments of symptomatic patients. The first one is the self-quarantine treatment
in which symptomatic patients with mild symptoms are asked to quarantine themselves (e.g.
Wilder-Smith, & Freedman, 2020). In case, symptoms are severe then symptomatic patients
will be isolated at hospitals or the health centers (e.g. Wilder-Smith, & Freedman, 2020). In this
study, it is assumed that symptomatic patients during self-quarantines and isolated patients may
experience fatality, leading to an increase in the dead population. As a consequence, decreasing
the number of the symptomatic population (B5) and isolated population (B4). After a delay, the
isolated population is eliminated to be the recovered population (B3). A full interaction between
symptomatic, asymptomatic and recovered patients can be seen in figure 4.
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Figure 4. The simplified structure of the limits to growth #1 in the contagious sub-system

In general, it appears that the engine of growth (R1 and R2) i.e. the infection progress tends to
dominate preventive and corrective actions such as isolated patients and self-quarantines. This
also means that human mobility is the culprit of the exponential growth of the COVID-19
population.

Possible generic solutions to eliminate the COVID-19 pandemic — at least minimize the infected
patients — are increasing society immunity, localization of people with historical acute diseases
or weak immunity and limitation of human mobility (lockdowns). As developing a vaccine
needs a proper time, previously mentioned solutions should be applied as soon as possible to
prevent our society from pandemics.
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When infected people and disinfected people easy to identify, self-quarantines and isolation are
two possible solutions. However, there is a situation where testing everyone, to identify infected
and disinfected people, is impossible owing to limited funding or toolkits (Piguillem & Shi,
2020). If policymakers cannot separate infected population and disinfected people, a lockdown
is the best solution to stop the transmission of diseases (Piguillem & Shi, 2020).

As seen in figure 5, through a balancing loop (B9) the lockdown aims to restrict human mobility,
leading to less symptomatic population. However, the lockdown has a negative effect, that is,
the economic downturn(s). The following paragraphs explain the negative effects of the
lockdown. For readers’ convenience, a complete relationships in the contagious sub-system is
drawn in figure 6.
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Figure 5. The simplified structure of the limits to growth #2 in the contagious sub-system
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Figure 6. The lockdown effects in the contagious sub-system

The healthcare sub-system

As seen in figure 7, more isolated patients may occupy more hospitals and lead to shortages of
health facilities. This situation can be solved through an increase in health facilities such as new
hospitals and new health practitioners (R3). Another reinforcing loop (R5) guarantees less the
dead population as long as isolated patients are maintained in properly healthcare facilities.
However, isolated patients with severe or acute diseases can increase the dead population. It is
shown later that an increase in new health facilities to support more isolated population is not
a long term solution.
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Figure 7. The limits to growth structure #3 in the healthcare sub-system

The economic sub-system

The economy sub-system is adapted from other studies (Forrester, 1985; Wheat, 2012). Gross
Domestic Output (GDP) is an output after employment and capital (e.g. Mankiew, 2000). A
rise in GDP leads to an increase in aggregate demand (AD), leading to a reinforcing loop (R5).
When unemployment increases, the government usually increases the government aids for the
poor and the unemployed people, leading to a decrease in the government spending (R6-).

This study identified the success to succesfull structure (R5 and R6) as seen in figure 8. This
structure affirms that an increase in the government aids leads to a decrease in an existing GDP
to support aggregate demand and vice versa. Possible generic solutions in this situation are to
share GDP properly between AD and the government aids and educate people to be high-skilled
laborers.
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Figure 8. The success to successful structure #1 in the economy-subsystem

An increase in GDP also increases the permanent income which then increases investment, a
reinforcing loop (R7). Unfortunately, the Limits to Growth structure bounds increasing
investment through a balancing loop (B6: permanent income — consumption — investment —
capital — GDP — permanent income). Increasing public interest in investment through the
government obligation and the stock markets are possible generic solutions for this structure.
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Figure 9. The limits to growth structure #4 in the economy-subsystem

In understanding the impacts of the lockdown on the economy, a fully simplified structure is
displayed in figure 10. The lockdown tends to increase unemployment as well as decrease
employment (Baldwin & Mauro, 2020; McKibbin & Fernando, 2020). The negative effects of
the lockdown are at least two types: decreasing employment (B7) and increasing the
government aid for affected people (R6). This means that during the lockdown, affected
countries will get many negative effects including GDP loss, rising unemployment, and rising
government aids (Baldwin & Mauro, 2020).

Another impact of the lockdown was found when the economy and healthcare sub-systems are
connected. As GDP decreases, the government support for healthcare will be bounded (B8-).
This structure reproduces the Limits to Growth structure as seen in figure 10.
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Figure 10. The simplified structure of the limits to growth #5 in the economy sub-system

To ease readers in evaluating the impacts of the COVID-19 on the economy, a simplified causal
loop diagram is drawn in figure 11. Because GDP influences all aspects such as AG, permanent
income, and government spending, the lockdown tends to affect several aspects in our society.
For instance, the lockdown could affect the government capability to protect its society and
household consumption. This means that the COVID-19 may lead to larger socio-economic
impacts and the government should prepare well in anticipating the negative impacts.
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Figure 11. The simplified structure of the economy sub-system
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3. Conclusions

This paper has presented the nexus impacts of the COVID-19 in three subsystems including the
contagious, healthcare, and economy systems. This study does not aim to explain the impacts
at whole nor in-depth analysis. Rather, this study aims to provide a piece of concise information
about a range of possible impacts and solutions. Upon this study, it is hoped that policymakers
are more aware of large scopes and severe impacts of the COVID-19. Thus, a well-established
preparedness is the main concern of the policymakers for possible next outbreaks.

The limits to growth archetype shows that health treatments such as self-quarantines and
isolation can minimize infected people. While infected people can be easily detected or the
number of infected people are relatively small, self-quarantines and isolation are sufficient to
decrease the negative impacts. But when, the number of isolated people increases significantly,
threatening healthcare availability, imposing the lockdown is the best solution. Once the
lockdown is applied, the economic impacts will visible. This means that delayed responses to
the COVID-19 lead to larger unintended consequences.

The nexus concept has been applied in the context of sustainability science, especially
associated with the environment and/or natural resources issues (Giampietro et al., 2014). This
study shows that the nexus application in the COVID-19 is important as connections between
sub-systems give us clearer insights into the negative impacts the COVID-19. For instance,
increasing healthcare facilities sounds a good solution as seen in figure 7. But when the
healthcare and economy sub-systems are connected, it is seen that increasing healthcare
facilities is not a long-term solution. It is thus that this study encourages the application of
nexus when outbreaks may threaten limited resources such as healthcare facilities.
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