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ARTICLE INFO ABSTRACT

Keywords: COVID-19 has negative impacts on supply chain operations between countries. The novelty of the study is to
Global supply chain and logistics evaluate the sectoral effects of COVID-19 on global supply chains in the example of Turkey and China,
Technology considering detailed parameters, thanks to the developed System Dynamics (SD) model. During COVID-19
COVID-19 . . . A . .

Disruption spread, most of the countries decided long period of lockdowns which impacted the production and supply

chains. This had also caused decrease in capacity utilizations and industrial productions in many countries which
resulted with imbalance of maritime trade between countries that increased the freight costs. In this study, cause
and effect relations of trade parameters, supply chain parameters, demographic data and logistics data on dis-
ruptions of global supply chains have been depicted for specifically Turkey and China since China is the biggest
importer of Turkey. Due to this disruption, mainly exports from Turkey to China has been impacted in food,
chemical and mining sectors. This study is helpful to plan in which sectors; the actions should be taken by the
government bodies or managers. Based on findings of this study, new policies such as onshore activities should
consider to overcome the logistics and supply chain disruptions in global supply chains. This study has been

System dynamics
Turkey-China

presented beneficial implications for the government, policymakers and academia.

1. Introduction

Expanding trade and investment operations around the world causes
businesses to expand worldwide [1,2]. For this purpose, many busi-
nesses and sectors have adopted integrated global supply chains [3],
through which overseas activities and outsourcing strategies are deliv-
ered, produced and distributed across national borders [4,5]. Therefore,
with the development in supply chains, the supply chains become more
vulnerable to risks consist of disruptions such as disasters (Majid, 2020;
[6]. Especially, pandemics, a type of natural disasters can cause
long-term disruptions and bring uncertainties in the global supply chain
[7,8].

The COVID-19, one of the crucial pandemics, affects the global
supply chain worldwide [9]. As mentioned earlier, the COVID-19
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pandemic threatens not only human life but also businesses around
the world (Ehlert et al., 2021). Within the pandemic environment,
several disruptions have occurred, especially in global supply chains
[10,11]. For example, global automotive brands such as General Motors,
Nissan, Renault, Honda and Peugeot and global companies such as
Toyota, Apple, Starbucks, and Ikea have either stopped their operations
in China completely or have pulled them to a very limited point [12];
Majid, 2020). All of these biggest companies are shutting operations in
the world since the lack of raw materials, which are produced or came
from China [13]. Therefore, large losses are also expected in the econ-
omy due to lockdowns in companies and disruptions in production and
supply chain [14,15]. With this epidemic, supply chains of almost all
sectors are affected from production stages to consumers [16,17].
Recently, China is the most important actor in the global supply
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chain [18]. In fact, China is both the starting point and the ending point
for the global supply chain, and the world has become dependent on
China in production [7]. Besides being a large market, China is the main
supplier country of the global automotive industry and electronics in-
dustry and, cars, auto spare parts, mobile phones, computers and elec-
tronic parts of many known brands are produced in China [18].

Like other countries, the supply chain management and the foreign
trade operations of Turkey is affected by COVID-19 as negatively. One of
the most important reasons for dealing with China and Turkey relations
in the study is that Turkey is one of the emerging economies and China is
the second biggest importer of the country and ranks first among the
countries that Turkey exports the most. In addition, the problems
experienced in the import of intermediate goods in China, the fluctua-
tions in the world demand, the decrease in the production processes in
Turkey and as a result, the decrease in exports and the increase in un-
employment cause economic consequences [19]. At the same time,
problems such as quarantine practices within the country and factories
stopping production cause disruption in the country’s supply chain.

Global supply chains act as a system due to the integrated structures
and the deterioration in global supply chains directly affects many
important factors in the country’s economy and social life [20,21] and
thus global supply chains requires a system perspective. Since it needs to
be handled cause and effect relations of main groups such as logistics,
trade, supply chain and demographic parameters. Thus, the biggest
contribution of this study is to provide a holistic perspective for these
main groups from the system thinking approach, the behaviour of the
examined system against certain changes can be investigated and de-
cisions can be made by determining the strategies to regulate this
behaviour [22], which is crucial step to overcome the impacts of
COVID-19 on systems. Therefore, it is very important to know how much
the global supply chain structures of countries and sectors are affected
by COVID-19 and subsequently how to determine the most appropriate
solutions to manage them by considering system thinking approach. The
systems thinking approach helps in analysing the causality relations
between main groups and their system parameters. Besides, under-
standing behaviours of import and export data is also influenced by
many logistics, trade, supply chain and demographic parameters. Hence,
the main motivation of this study is to analyse the effects of outbreaks on
global supply chains by integrated with the proposed parameters
through the system thinking perspective.

As a result, the research question of the study is stated as;

e How to analyse the effects of disruptions on supply chains of Turkey
and China comparatively in a system thinking approach?

In this study, our aim is to explain the following research objectives:

I. To analyse how main sectors of the countries are affected by
COVID-19 based on the logistics, trade, supply chain and de-
mographic aspects from the system thinking perspective.

II. To make a short-term import forecast from China to Turkey
considering logistics, trade, supply chain and demographic as-
pects through system thinking perspective.

III. To embody the impacts of COVID-19 with an example of China
and Turkey considering logistics, trade, supply chain and de-
mographic aspects through the system thinking perspective.

To address the purpose of this research question, a detailed literature
review about epidemic outbreaks impact on global supply chain, need
for SD modelling on the basis of system thinking approach and COVID-
19 impact on global supply chain was conducted. After that, SD
modelling was formulated for showing sectoral impacts of COVID-19,
short term forecast about the future state respectively. In order to
show the impacts of COVID-19, a real-life case study was analysed be-
tween China and Turkey.

This study is unique in nature to make comparative analysis and to
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investigate the impact of pandemic on global supply chains by focusing
on the foreign trade and logistics activities between countries using SD
modelling based on system thinking approach. Moreover, this study fills
gap by investigating the whole foreign trade and logistics activities and
its actors with SD modelling, which was developed based on the systems
thinking approach, and to show how the sectors was affected from
pandemic by making comparative analyses and investigating of the
impact of pandemics on the countries [23,24].

The rest of the paper is structured as follows. Section 2 exhibits the
literature review about epidemic outbreaks impact on global supply
chain, system thinking approach and need for SD modelling and COVID-
19 impact on global supply chain. Section 3 highlights the SD method-
ology for the research. Section 4 covers a case study, which is compar-
ative study between China and Turkey as an implementation of the
study. Section 5 discusses the findings as well as exhibits the implica-
tions for managers and policymakers. Lastly, Section 6 concludes this
study by discussions, limitations and scope for future works.

2. Literature review

The disruptive events are an important example of enabling learning
and productivity in organizations. Learning effect to cope with disrup-
tive events by investigating the causal relations between systems actors
and related system components [22]. System thinking provide recognize
the system and deeper insight into this system. Disruptions that affect
the entire supply chain such as epidemic should also be taken from a
holistic perspective [25]. studied on integration system analysis and
disruption theory to analyse conditions that cause disruption. Developed
causal relationships provide opportunity to see hidden structure also
that create disruptions or to see causes that may lead to disruption
through other actors [25]. There are several qualitative and quantitative
research techniques for analysing the epidemics in global supply chain.
Instead of quantitative techniques, there are limited studies that used
qualitative techniques which are semi-structured interviews, focus
groups, behaviour analysis, peer-reviewed studies since the methods are
proper to investigate whether preventions work, or what causes unex-
pected results of preventions taken during the disruptions [26,27].

Besides this, to understand the effects of epidemics on global supply
chain, quantitative techniques are used in the literature [28]. proposed a
network-based modelling for indicating how disruptions affects supply
chain process. This model provides several advantages for the supply
chain system by improving response time, increasing flexibility and
agility, decreasing inventory level and descending cost for all process in
the supply chain. With the Petri net-based modelling approach termed as
a Disruption Analysis Network (DA_NET), it is aimed to identify to
determine how the disruptions spread to the supply chain and how the
impact is calculated. All epidemic outbreak has adverse impacts on
supply chain, trade and logistics [29] creating disruption in the opera-
tions and increasing response time for supply chain.

Simulation models ensure a virtual physical environment, which is
significant to analyse analytic models. These models also enable real-life
applications that are very risky, difficult and costly to be tested [30,31].
Besides, these models can be implemented to predict supply chain be-
haviours and investigate the impact of disruptions of supply chain over
time [32,33]. Since global supply chain in real world need to deal with
many unidentified risks and disruptions such as demand volatility, raw
material shortages, natural disasters, transportation failures, fires,
weather, wars and also pandemic, it is important to manage effectively
and need to be captured real world complexity [34,35]. In particular,
pandemics caused by many interrelated factors such as creating
increased response time and disruption of transportation and have sig-
nificant effects on the global supply chain. In order to tackle with these
challenges and real-world complexity, simulation tools are recognized
as a powerful tool to analyse and evaluate the systems.

Only a limited number of simulation models aim to analyse the
impact of pandemic outbreaks that cause supply chain disruption. For
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example [7], examined and predicted the impacts of epidemic outbreaks
as a unique type of risk on the SC performance both long term and short
time via simulation-based methodology. According to their results, it
was emphasized that the closing and opening time of facilities may be a
significant factor determining the effect of the epidemic on SC perfor-
mance. Inoue and Todo (2020) proposed an agent-based model to
analyse the economic impacts of a possible lockdown to hinder spread of
COVID-19 in Japan. The lockdown in Tokyo causes the indirect impact
on other regions. Total production in Japan, the lockdown because of
the disruptions will lead an 86% decrease in daily production in Japan in
one month.

Observing and predicting system behaviours both in the long term
and the short term are significant in the high uncertainty environments
and unexpected disruption of supply chain [7,36]. Highly uncertain
environments such as the COVID-19 outbreak force managers and
practitioners to develop novel relationships and supply configurations
for supply chains by re-evaluating the globalized systems that include
the delivery of various components [37]. Crisis like Covid-19 is an
example of how these systems affects each other [38]. The SD approach
can provide an insight into complex global supply chain and allows
predicting impacts of these changes in the system over time and further
evaluate the consequences of policy interventions [38].

There are a few studies focuses on disruption of supply chain like
pandemic outbreaks [39]. carried out SD model to measure the impact
of an avian flu pandemic on global supply chains to show the effect of
the flu epidemic effect on annual cumulative sales. The analysis also
investigated cause and effects relations by providing reinforce and bal-
ance loop between inventory shortage and customer loss on the eco-
nomic indicator as an annual cumulative sale during avian flu disaster.
Since, business are vulnerable to supply chain disruptions by Refs.
[39-41]. However, proposed models contribute to the preparation of a
strategic business plan for the risks faced by the senior management.
Pandemics such as avian influenza greatly affect the trade [42,43] and
transportation system. Failure to manage the supply chain would lead to
material shortages, resulting in many goods will not be supplied as
normal and not meet demands on time [37]. In addition, disruptions
such as pandemic has made important effects on all production, finan-
cial and transportation systems due to the disruptive effects. Since there
is a strong causality relation between supply and demand [38]. [44]
investigates impact of transportation disruption on SC performance by
measuring supply system performance to investigate impacts of the
value of a substitute supplier in the disruptions time [45]. has addressed
the problem of transporting different goods from multiple aid providers
to disaster areas over a network. Disruptions in communication between
intermediaries caused the resources not to be managed effectively. Thus,
lack of communication and inefficient allocation of resources lead to
shortages of supplies in emergencies [46]. aims to explore community
functioning and resilience after disaster to guide policy makers and
managers. They developed a model to analyse community functioning
after disruption and to calculate the components of resistance, recovery,
and resilience.

Besides, Abdullah et al. [60] simulate three stages during supply
chain to show that lead time changes and inventory have direct re-
lationships. When the lead time is increased, the inventory level of
system is increased. SD model is develop based on cause and effect re-
lations between lead time and inventory. The proposed SD model and
experimental results are vital to helps managers to provide their
decision-making process such as inventory level and risk management in
the disruptions time [44]. aim to analyse impact of transportation
disruption on SC performance considering supplier, manufacturer and
retailer that effected by export and import supply disruption. COVID-19
caused the global economic crisis since China’s exports decrease more
than 17% in the first two months in the year 2020, and world trade is
anticipated to drop between 13 and 32% in 2020 [37,66]. According to
the OECD report, inhibition on the movement of people, goods and
services, and business closures primarily caused a sharp decline in
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manufacturing demand in China, while rest of the world also being
affected due to business travel, tourism and global supply chains in later
periods [38]. [47] used the SD model to compare pre and post
COVID-19, investigating the impact of the COVID era on individuals’
income, commodity prices and demand, input cost, and finished goods
supply. They indicated that different policies need to develop in terms of
analysing pre and post pandemic system environment. According to
results earnings could ascend demand, but interruptions in raw material
and finished product supply outweighed the impact [48]. developed a
SD model to understand the impacts of pandemic on Chinese hog and
pork consumption, to assess the impact of disruptions in COVID-19
period. They underline effects of pandemic caused by delay in supply
chain operations that hinder import and capacity expansion. The model
consists of the five main variables which are live hog price, pork in-
ventory, breeding stock and consumption demand and net import. This
model uses main two main feedback loops. One of them is relations
between among price, consumption and production decisions. The other
feedback loops are relationship between time and capacity building and
the time required for the price expectation process to achieve success in
the market. After they uses four supply chain disruptions and assess their
dynamic impact considering corn shortage and price jump, market hog
transportation disruption, delay in breeding stock replacement and
delay in pork import situations. Loske [62] aim to analyse the impact of
German food retail sales volume and freight capacity dynamics during
the COVID-19 period, and the changing volume and capacity dynamics
of COVID-19 in retail logistics transportation. SD model is developed
considering cause and effect relations between COVID-19 outbreak and
freight market dynamics. Transport volume growth is directly affected
by COVID-19. However, according to the results, it can be said that the
increased freight volume for food in retail logistics is not only due to the
pandemic time, but also to the strength measured using the total number
of new infections. The paper offers suggestions to decision makers for
possible future disruptions.

From literature, it can be said that there is still a need systems
perspective for investigating effects spread of COVID-19 on the trade
and logistics activities. Since these activities are affected by cause and
effect relations of the various groups such as demographic data logistics
data, supply chain parameters and economic data. Thus, understanding
foreign trade and logistics activities’ dynamics actors and cause and
effects relations requires system perspective by analysing causal and
effect relations for different groups. Measuring impacts of disruptions in
supply chains is crucial to find sustainable solutions which is practical
and understandable to show the results of complex dynamics systems
such as global supply chains [49]. Thus, his study aims to fill gap by
presenting SD model how the sectors was affected from pandemic by
making comparative analyses and investigating of the impact of pan-
demics on the countries.

This study is aimed to analyse the effects of disruptions on countries’
supply chain comparatively using the SD modelling. During COVID-19
spread, most of the countries have been exposed to lockdowns which
has disruptive impacts on the production and supply chains. This has
also led to decrease in capacity utilizations and industrial productions in
many countries which resulted with imbalance of maritime trade be-
tween countries that increased the freight costs. In order to achieve this
purpose, this study considers cause and effect relations of the various
groups such as demographic data logistics data, supply chain parameters
and economic data on disruptions by focusing on trade and logistics
activities for specifically Turkey and China which is the biggest importer
of Turkey.

SD model as a solution methodology is discussed in the next section.

3. Research methodology
As developed by Jay Forrester, SD approach has been widely used for

addressing complex dynamics systems such as global supply chains. SD
provides flexibility for the decision makers to analyse the behaviour of
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changing system and investigate possible effects of variables, especially
it is vital to deal with unexpected and unpredicted situations such as
pandemic. In complex systems such as supply chains, it is difficult to
know what changes or disruptions in the supply chain will cause dis-
ruptions [28]. However, it is essential for the handling dynamic nature
of the supply chain that need to rapidly investigate the effects of changes
or disruptions for the operations.

Similarly, in trade and logistics activities between countries, the
participation of many stakeholders creates a dynamic and complex
structure, and since these structures have a permanent flow of infor-
mation, it should be considered as a system that should be handled with
a holistic approach and managed effectively. Especially the pandemic
process has negatively affected the trade and logistics activities between
countries. In such environments, it is very useful to understand the
behaviour of a constantly changing system to develop various policy
strategies with the SD model, which provides both flexibility and resil-
ient supply chain. Therefore, SD modelling approach can be useful to
deal with complexity and dynamic nature of supply chain that represent
multi-tiers structure.

In SD modelling approach these attributes can be examined with
stock and flows, time delay, feedback mechanism of the system. Feed-
back loops are used to indicate reinforce and balance effects in the
system. This modelling process begin with the determining model
boundaries and identifying purposes. After this process, the second stage
includes developing causal loop diagram to indicate the relationships
among variables. In the third step, causal loop diagram is transforming
into stock and flow diagram to quantify model and run the simulation.
The last step involves implementation of the model, discussions and
future insights.

Therefore, SD gives an opportunity for analyzing the system with a
holistic view and systems perspective. Moreover, SD model aims to
analyse the effect of the components that may cause by uncertain en-
vironments. Therefore, this paper proposes SD model to analyse the
effects of disruptions such as COVID-19 on countries’ supply chain.

4. A case study of trade between Turkey and China

With COVID-19, global supply chains have faced severe disruptions.
These disruptions in global supply chains negatively affects the trade
and logistics activities between countries. The emergence of the
epidemic, especially in China, where almost every country is dependent
on raw materials, has disrupted the material supply. Due to the COVID-
19 effect across the globe, it has become extremely important to analyse
the trade activities of countries. SD model provided in this article aims to
represent the impact of COVID-19 on global supply chains by concen-
trating on the foreign trade and logistics activities between countries. As
the starting point of COVID-19 pandemic, foreign trade of China has
been negatively influenced as the disease began spreading in January
2020 [50]. China is the second biggest importer country of Turkey with
18.5 billion dollars (9.1% of total import) in 2019 and 88.9% of these
imported goods are raw materials or semi-finished products or ma-
chinery and equipment [51]. Therefore, the disruption of foreign trade
impacts global supply chains of many sectors in Turkey. The designed SD
model considers the main sectors in Turkey that has the highest export
and import relation with China. According to the import and export data

Table 1
Sectors with highest export and import value in Turkey.

IMPORT from China EXPORT to China

Sector % Sector %
Electronics 29.8% Mining Products 54.5%
Machinery and accessories 24.8% Chemicals 10.1%
Textile and raw materials 7.1% Machinery and accessories 8.2%
Chemicals 6.6% Textile and raw materials 5.0%
Plastics and rubber 6.2% Food 3.2%
Iron and steel 5.4%
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of Turkey in 2016-2019, selected sectors shown in Table 1 accounts for
approximately 80% of the trade between Turkey and China. Table 1.
Sectors with highest export and import value in Turkey.

SD model starts with a causal loop diagram provided in Fig. 1 and it is
based on Turkey perspective. It is modelled in STELLA software.

Data that has been gathered for SD Model study can be seen in Fig. 2.

Model is designed in order to anticipate the life cycle of COVID-19
and implications of COVID-19 disruption on the global supply chains
by analysing the overall trade between countries. As it has been
observed that there has been major lock-downs in countries with the
spread of COVID-19 which creates decline in productivity of many in-
dustrial sectors. The evidence of the negative association between
increased COVID-19 spread and the decrease of industrial productivity
can be seen in the below Table 2. In China, lock-down started with the
increased number of patients in 23rd of January 2020 and 8th of April
2020 lock-down officially ended. In Turkey, restrictions started on 16th
of March 2020 and still on-going while preparing this article.

Model begins with the spread of COVID-19 in China at the start of
2020. Life cycle of the COVID-19 has been tracked with the active pa-
tients in the country. In this study, active patient counts have been used
in order to represent life cycle of COVID-19, since the data is much
smoother compared to new patient counts or death counts. It can be used
in order to show the real burden in country economy and health system
and active patient increase periods indicate the uncontrollable spread of
the virus and overload in the country economy. COVID-19 has been
reached its maximum in mid-February and decline afterwards. In the
late-April, active patients dropped below a thousand and country starts
to go back to work routine. With the spread of COVID-19 worldwide,
many countries especially in Europe had been affected in February. First
COVID-19 patient has been detected in Turkey in mid-March and
reached the peak point in late April. In the model, active patients in both
countries have been modelled as seen in Fig. 3. Model has been simu-
lated for 274 days from January 01 - September 30, 2020. It is expected
to see Turkey going back to work routine in mid-June. Active patient
counts have been derived from National Health Commission of China
and Ministry of Health of Turkey between December-2019 and April-
2020. Active patient count after May 01, 2020 had been forecasted
ignoring an emergence of second wave.

As shown in Table 2, there has been a severe disruptive impact of
COVID-19 on industrial productivity. For the Turkey case, since majority
of the import from China is input for many sectors, it can impact per-
formance of various supply chains which cannot be distinguished easily.
The aggregated data gathered from Turkish Statistics Institute is used in
the model and there is no detailed information showing which sector is
exactly importing which specific raw material. For instance, as being
approximately 30% of the total import, electronics is an important part
of resource from China. However, electronic raw material can be a part
of white good production, machinery production or any type of elec-
tronic equipment. Further, the productivity of a country has been
impacted due to the excessive reliance on China [52]. The basis of the
model relies on the assumption that the productivity decrease in a sector
is proportional to the increase in the COVID-19 active patient count.
However, there could be some sector specific dynamics that could
change the impact of the severity. For example, textile raw material
import from China has dramatically decreased by 28% during March &
April 2020. The reasons could be the human dependent production in
factories or as a sector including not critical products during pandemic
time. On the other hand, electronics import has increased by 5% in the
same period. Even though this increase is considerably small compared
to the increase in January-February 2020 of the same year (which is
24%), this 5% increase is achieved since electronics products are still
important (maybe more compared to a normal period) during pan-
demics and production environments for electronic products are more
automated.

From Turkey point of view, the impact of COVID-19 on import would
be delayed by two months. Due to the geographical distances between
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Fig. 1. Causal Loop of COVID-19 model.
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Table 2
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Active patients and industrial production in China & Turkey (Source: National Bureau of Statistics of China & Turkish Statistical Institute).

Average Active Patient Count

Industrial Production YoY

Average Active Patient Count Industrial Production YoY

2019-December 27 6.90%
2020-January 1514 —13.50%
2020-February 42,193

2020-March 12,009 —1.10%
2020-April 1059 3.90%

- 8.60%

- 7.90%

- 7.50%
2763 —2.00%
55,738 —31.40%

1: China COVID19 Active Patient 2: Turkey COVID19 Active Patient
B0 T —— A eSS S TS S ——————

80000 /\

30000 oo f
40000

1 T
2.00 138.50 206.75 275.00
1 Time 6:59 PM  Tue, Jun 2, 2020

Fig. 3. Lifecycle of COVID-19 in China and Turkey.

countries, delays on transportation and customs clearance activities are
considered in the model. From Turkey point of view, import from China
would be delayed by two months which can be seen in Equation (1).
Therefore, the impact of COVID-19 spread in China in January 2020,
reflects to Turkey import figures in March 2020. On the other hand,
export numbers are impacted by COVID-19 spread within the same
month since Turkey active patient counts can decrease the capacity
utilization of the country and this interrupts the trade between coun-
tries. It has been observed that with the spread of COVID-19, industrial
production has been decreased by 13.5% compared to January-February
2019. Industrial production decline impacts the exports from China to
Turkey. At the same time, COVID-19 spread in Turkey decreases in-
dustrial capacity utilization and demand on China products. So, all these
factors have been represented in the model using the below equation (1):

Import_SectorX (t4-60) = Import_SectorX(t-365 + 60) * (1 +
ImportGrowthRate)

* (1 -SectorX_Slowdown_China(t)) * (1-TurkeyDemandDecrease(t)) (@D)]

Based on this equation, import for any sector X has been calculated
according to actual import value of 2019. Import_SectorX (t4+60) rep-
resents the 60 days of delay due to transportation delay and shows that
the COVID-19 disruption in China and Turkey will be visualized in
import figures 60 days later. Import growth rate (ImportGrowthRate) for
Turkey has been derived from OECD data as 2020 forecast (OECD, Trade
data [63]). SectorX_Slowdown_China has been calculated by equation (2);

SectorX_Slowdown_China(t) = China_IndustrialProduction_Index(t)
*SectorX_Industriallmpact

Where

China_IndustrialProduction_Index(t) = IndustrialProductionRate * Chi-
naActivePatient(t) / China_ActivePatientPeakNumber 2)

TurkeyDemandDecrease is estimated according to the spread of the
COVID-19 in Turkey using equation (3);

TurkeyDemandDecrease(t) = Turkey_IndustryCapacityUtilization(t)
*DemandDecreaseRate

where Turkey_IndustryCapacityUtilization(t) = CapacityUtilizationRate *
TurkeyActivePatient(t) / Turkey_ActivePatientPeakNumber 3)

Therefore, according to these formulas, active patient numbers in
China and Turkey will guide the model in forecasting industrial pro-
duction rate of China and industrial capacity utilization of Turkey
respectively. For each sector, production rate would differ which is
represented by SectorX_Industriallmpact. All of the rates used in the
models (SectorX Industriallmpact, IndustrialProductionRate, DemandDe-
creaseRate, CapacityUtilizationRate) are calculated based on the actual
data between January to March 2020. Average values based on the
existing data has been used since there is not sufficient data to perform
statistical analysis. At any time, t, COVID-19 active patients in China and
Turkey will impact production rate in China and demand rate in Turkey
which will decrease the import value after two months in Turkey.

Similarly, equation (4) have been developed to calculate export in
Sector Y from Turkey to China.

Export_SectorY (t) = Export_SectorY (t-365) * (1 + ExportGrowthRate)
* (] -SectorY_Slowdown_Turkey(t)) * (1-ChinaDemandDecrease(t)) 4)

Since China is the second biggest importer of Turkey after Russia and
90% of the logistics is based on maritime, disruption in the import af-
fects the planning of maritime logistic activities severely. Decrease in
arriving shipments from China to Turkey causes logistic companies to
arrange additional ships for export activities, which increases the freight
costs drastically. It has been reported that in March 2020, freight costs
increased by 40% compared to last year. Model includes the freight cost
forecast and the maritime logistic load between China and Turkey.

In model, for each specified sector, import and export forecasts are
generated between January and September 2020. Import numbers are
impacted after March 2020 due to transportation delay. In Fig. 4, fore-
cast for Electronics import has been shown until the end of September.
COVID-19 will impact import numbers until the end of July 2020. Since
model is developed using monthly import and export data and this data
has been converted to daily values, there could be sharp increase and
decreases between months such as in June and July; but COVID-19
related fluctuations are rather soft and bell-shaped decreases. In
Fig. 5, mining and chemical export from Turkey to China has been
shown. First decrease is related with China COVID-19 related disruption,
whereas the second decrease after April is related with the slowdown in
industrial capacity of Turkey. Mining sector has not been impacted
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Fig. 4. Electronics import ($) between March 2020 and September 2020.
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Fig. 5. Mining and Chemical export ($) between January 2020 and June 2020.

severely by Turkey COVID-19 disruption, but Chemical sector has been
affected.

Based on the model output, import forecasts for March to June has
been represented in Table 3 (since COVID-19 impact has been observed
in import data starting from March). Model forecasts are prepared by
considering the slowdown in March actual data. However, it should be
considered that workforce can adapt to the situation and increase their
productivity as time passes under COVID19 pandemic. Therefore, the
forecast numbers represent the worst-case scenario for the sector in case
they cannot adapt to the disruption. Table 3 shows the import forecasts
from China to Turkey.

In Table 4, export forecasts from Turkey to China has been provided.
Because of Chinese New Year, there is a drop down in February. But the
expected dropdown is sharpened by the COVID-19 pandemic. Actual
and model results for Q1 (January to March) has been provided to in
order to represent model reliability. Export is expected to be impacted
by COVID-19 until end of July 2020.

Based on TSI data, 90% of the import and 95% of export trade with
China are transhipped with maritime logistics. With the decrease in the
import shipments, logistic companies struggle with finding available
ships in Europe and this increased the freight costs drastically in Turkey.
Increased freight cost due to dropdown in import values are also fore-
casted in the model which can be seen in Table 5 and it can be realized
that freight costs will return back to its original position by the end of
June 2020.

In Table 6, import and export forecast values in terms of TEU units
are provided. Based on the model, it is expected to observe decrease in
the import shipment numbers in March and June due to COVID-19
spread in China and Turkey respectively. Similarly, export shipment
values would be impacted in February and April.

The diagram represented in Fig. 1 is developed in order to explain the
disruptive behaviour of the pandemic on the international trade of
countries. Even though, the model represented in this study is for Turkey
and China, the model can be enlarged to more countries. This study can
be applied to depict the international trade between countries based on

Table 3
Import forecasts from China to Turkey.
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the overall import and export data. During the preparation of the study,
limited amount of data is available (for Turkey, March-May 2020
COVID-19 data) and the model is developed in order to guide the de-
cision makers the forecast the damaging impact of COVID-19 on the
global supply chains.

5. Discussions

The results have presented that epidemic outbreaks causes supply
chain disruptions in the world. This leads to major disruptions in the
global supply chain, increased risk in global markets, and increased
interest in safe ports such as gold [53]. Due to the pandemic, which has
devastating effects around the world, the partial or complete lockdowns
of many countries has caused many problems such as supply and de-
mand imbalance in supply chains, as well as inability to reach raw
materials [54]. Therefore, it is essential to analyse how sectors are
affected by COVID-19 [55] and to make a short-term forecast for the
future to take actions against the damages in the global supply chains of
the countries, which is one of the most important contribution of the
study. COVID-19 has led to create considerably inventory shortages due
to unexpected increase demand and this caused that firms encountered
shrink shortage of inventory due to the challenging access to raw ma-
terials [56]. have been revealed that different sectors should develop
different recovery plans and strategies during the pandemic period for
quick action and have been indicated that while the short-term effects of
COVID-19 can be observed, the medium-long-term effects are complex
and uncertain. By comparing with other studies, the study is unique
since making comparative analysis and investigating the impact of
pandemic on global supply chains by focusing on the foreign trade and
logistics activities between countries using SD modelling based on sys-
tem thinking approach. By making this, it is aimed to analyse how main
sectors of the countries are affected by COVID-19 from system thinking
perspective, to make a short-term import forecast from China to Turkey
for the future from system thinking perspective and to embody the im-
pacts of COVID-19 with an example of China and Turkey from system
thinking perspective via answering research question of this study.
Therefore, the biggest contribution to evaluate the sectoral impacts of
COVID-19 on global supply chains from Turkey and China perspective.

Hence, it is needed to embody the impacts of COVID-19 in the
business sectors within a nation. The scenario created with the help of
SD modelling is the worst-case scenario for Turkey. With this scenario,
which sectors are getting worse in the country are analysed. Turkey’s is
among the second largest importing countries of China, which has been
adversely affected. Due to the pandemic, the disruptions in foreign trade
have disrupted the supply of machinery, equipment, raw materials and
semi-finished products. With the proposed model, it has been analysed
which sectors will be affected by the pandemic. Accordingly, it is stated
which sectors should take measures considering its negative effects.

Besides, the majority of imports and exports with China are carried
out by maritime logistics. Because of the pandemic, the reduction of

ACTUAL - January and
February 2020 DATA

FORECAST - March 2020 to June 2020 DATA

Sector % Growth Year on Year Import Forecast $ (March % Growth Year on Year Import Forecast $ (May % Growth Year on Year
(January and February 2020) and April 2020) (March and April 2020) and June 2020) (May and June 2020)
Electronics 24% 733,392,066 —7% 755,384,431 1%
Machinery and 40% 466,376,291 —37% 667,757,601 —4%
accessories
Textile and raw —6% 97,479,545 —57% 194,321,000 —16%
materials
Chemicals 0% 210,005,373 —6% 233,319,676 2%
Plastics and rubber  13% 115,044,868 —28% 188,504,530 —2%
Iron and steel 45% 128,524,852 41% 176,840,282 45%
TOTAL 23% 1,750,822,996 —22% 2,216,127,520 0%
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Table 4
Export forecasts from Turkey to China.
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ACTUAL - Q1 DATA

FORECAST - Q1 and Q2 DATA

SECTOR % Actual Growth Year on Year Export Forecast $ Q1 % Growth Year on Year Export Forecast $ % Growth Year on Year
Q1 Q2 Q2

Mining Products —15% 252,008,696 —-15% 208,477,532 —38%

Chemicals —31% 52,615,272 —31% 54,045,728 —42%

Machinery and accessories —2% 15,175,512 —2% 11,619,855 —17%

Textile and raw materials —2% 21,173,933 —2% 20,963,366 14%

Food —-17% 30,907,568 —-17% 24,485,706 —56%

TOTAL —-17% 371,880,981 —-17% 319,592,188 —39%

bl pandemic period, from China to Europe, the first freight train has
Table 5

Freight cost increase forecast.

Month Freight Cost Increase %

March-2020 11.0%

April-2020 40.0%

May-2020 19.0%

June-2020 8.0%

July-2020 7.0%

August-2020 7.0%

September-2020 6.0%

Table 6
Import and export shipment forecast.
Month Import Shipment Export Shipment
(TEU) (TEU)
ACTUAL January-2020 33,566 30,722
February-2020 19,545 10,936
FORECAST March-2020 18,646 25,493

April-2020 22,701 16,235
May-2020 38,689 59,269
June-2020 6210 40,872
July-2020 35,302 47,206
August-2020 31,052 88,482
September- 57,653 48,587
2020

import shipments, for logistics companies in Europe revealed shortage of
suitable ships and this greatly increased freight costs in Turkey.
Increasing freight cost due to the decrease in import values was esti-
mated and decision makers are suggested to make appropriate decisions.
In line with the results obtained, the management and government
bodies can plan for appropriate actions for different sectors. Therefore,
with these implementations, research question is answered to have a
knowledge about analysing the effects of disruptions on countries’
supply chain comparatively in a system thinking approach.

6. Implications for decision makers and managers

The global supply chain disruptions caused by the pandemic affects
the production processes to a large extent [57]. The pandemic, which
begins in China, which is Turkey’s 2nd biggest importer has negative
impacts on final consumption of raw materials and semi-finished prod-
ucts more than final consumption process. Therefore, necessary actions
and remedies should be taken by governments to prevent the negative
impacts of the supply chain disruptions especially on the competitive
sectors [58].

On the other hand, it is not only production of the countries that is
affected by the disruptions. The decrease in the ratio of imports by
maritime, which constitutes of 90% of Turkey’s imports affects Turkish
import and forwarding operations directly in a negative way. Means that
disruptions in imports with maritime logistics causes “logistics and
supply chain disruptions” such as increase in freight prices. Therefore, it
is essential extra planning for logistics activities. In addition, in the

reached Turkey. This shows that trade can be done using alternative
modes of transportation as intermodal, if not possible by maritime
logistics.

One of the important implications that can be inferred from the result
of the study is managing imbalance between import and export activities
caused maritime logistics due to the lack of available containers and
equipment which increased the freight cost dramatically in order to cope
with disruptions. This showed that there is a need for an alternative
transportation mode that can provide low-cost transportation for
example one-belt-one road, which is a new transportation network be-
tween Asia and Europe.

Due to the pandemic, China which is the biggest importer of Turkey,
was at a point that shipped raw materials or goods in 2 months, caused a
delay of 2 months in the supply of goods. If we had been working with
different suppliers at a closer distance during this disruptive time, we
would not have had any raw material supply problems. From this
perspective, new concepts emerging in supply chains should be
considered, for example, supplier disruptions can be resolved by
adopting onshore applications for problems arising from suppliers. As a
managerial implication, this research also offers many implications for
managers and decision makers. Companies should choose supplier
diversification in order to struggle with possible disruptions. By identi-
fying alternative suppliers from local suppliers or other countries, they
can minimize the effects of a potential problem. In events those cause
disruption in supply chains like pandemic, companies must select be-
tween a make or buy decision and make investment decisions
accordingly.

Furthermore, due to the disruptions and fluctuations in the supply
chains, production planning and process management should be done
appropriately. Therefore, it should be taken into consideration for pro-
duction planning and process management to overcome the difficulties
in the important sectors. In addition, with the decrease in production
due to the pandemic, companies should switch to flexible capacity
planning in terms of human resource and machinery capacity.

Notably, due to fluctuations in raw material and components, proper
inventory management is required. Safety stock calculations should be
probabilistic and this should be considered in inventory management.
Lastly, in terms of increased costs at the time of disruptions, managers
should keep different combinations of intermodal ready.

Digitization can be an important solution measure for managers
under such disruptions. Use of digital technologies can help manage-
ment to manage supply chains more effectively and efficiently. In
addition to that, the management can also evaluate the resilience of
global supply chains and conduct effective risk management strategies.

As a theoretical implication, system thinking can be used to analyse
the disruptions caused by global disruptions, such as COVID-19, on
global supply chains. Hence system thinking has the ability to consider
multiple stakeholders and multi-tiers within the global supply chain.
However, it is also crucial to determine the suitable methodology to
system thinking within the implementation.

The SD model developed is a starting point incorporating the
pandemic spread in forecasting the impact on global supply chains.
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Model guides the decision makers to consider sector specific dynamics
into the calculations. In case of a second or more waves of pandemic
spread or a new pandemic, this model can be used by adapting the
numbers to the new situation. Even though in this model the demand
decrease for Turkey and China is impacted by COVID-19 active patient
counts only, in the future it should be considered that the managers will
learn and adapt to the changing conditions. Therefore, the variable
representing demand decrease will not be as sharp as today due to
learning factors. For example, the automation increase in a sector can be
incorporated into the model, if a longer forecast is required.

Further, studies that cover such global supply chains, especially in
the field of COVID-19, will open new areas to explore in logistics and
supply chain management.

7. Conclusions

The COVID-19, which continues to spread worldwide, harms the
supply chains of countries in terms of labour, parts and government
constraints [59]. For this purpose, to show sectoral impacts of COVID-19
and to have knowledge about future state with short- and long-term
forecast, SD modelling on the basis of system thinking approach is
developed in the study. Using system thinking approach and the SD
modelling, it is aimed to investigate whole system and its actors and to
make comparative analysis to show the impact of pandemics on global
supply chain of the countries with a real-life example of China and
Turkey as a case study. The implementation of the study is made with SD
model and according to results, it is expected to see Turkey going back to
work routine in mid-June. According to results, it has been revealed
which sectors will be adversely affected by the pandemic and which
measures should be taken. However, according to forecasts of COVID-19
on the selected sectors, there is decrease in electronic imports. For the
mining and chemical export from Turkey to China, there is two de-
creases in export rate of Turkey caused by COVID-19 disruption firstly,
and then slowdown in industrial capacity of Turkey after April. In
addition, while mining sector has not been impacted by Turkey
COVID-19 disruption, chemical sector has been affected.

Besides, it can be stated that a large part of the import and export
with China is planned with maritime logistics, but import shipments
have been decreased due to the pandemic. This has led to an increase in
freight costs in Turkey due to the lack of suitable ships in Europe.
Furthermore, according to forecasting, it is seen that freight costs will
return back to its original position by the end of June 2020. Thus, it is
analysed that there will be a decrease in import and export shipments.
To sum up, the pandemic process affects the economic economy, global
supply chains and sectors negatively and causes supply chain disrup-
tions in the countries. This study can be useful to describe the interna-
tional trade between countries based on the overall import and export
data.

As a limitation of the study, the needed dataset to apply in SD
modelling is not reachable because of the country’s limitations. For
example, it is not available to get data about January and February
months without cumulative values. Moreover, in this study, there are
lots of variables are added in the model. In previous studies, the relations
of trade and logistics activities were not investigated in depth, which
created difficulties in integrated relations in the system. However, large
number of variables in the study can be increased the complexity of the
model. For further researches, not only two countries or emerging
economies, but also the global effects of the pandemic can be analysed
by addressing intercontinentally. In addition, comparative studies be-
tween countries can be diversified and the effects of pandemics can be
examined. For further researches, second and also third waves of
COVID-19 can be considered to see the results in a comprehensive
manner. Apart from marine logistics, alternative mode selections can
also be evaluated during downtime. Intermodal methods can be
researched more and the collapse in logistics can be minimized during
disruption. Besides, various policies can be adapted to the SD model to
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observe the impact of established policies. Studies can be planned to
compare the possible future waves of the pandemic. Finally, one belt one
road initiatives can be further investigated.
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