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Abstract 

 
The COVID-19 pandemic has spread to all corners of the world, including Indonesia. In this study, we will 
design a model for the spread of the COVID-19 pandemic in North Sumatra, to predict the number of 
patients, both ODP, PDP, positive, recovered or death and the capacity of hospitals to cope with the growing 
wave of COVID-19 victims. The preventive measures taken by the government in tackling this pandemic 
case are used as a scenario to see the extent to which these actions affect the number of patients and hospital 
capacity. This study uses a dynamic system method in designing the spread of the COVID-19 pandemic 
using AnyLogic Software. Experimental simulations were carried out with 3 different scenarios based on 
the coefficient value of the preventive action taken by the government if it was increased or decreased by 
10%. The results of the simulations and scenarios show that the government's preventive measures are very 
influential in increasing or decreasing the number of infected patients and hospital capacity. Prevention 
measures that are reduced by the coefficient value by 10% lead to an increase in the number of patients and 
a significant decrease in hospital capacity significantly. 
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1. Introduction 
The World Health Organization (WHO) or the World Health Organization declared COVID-19 as a pandemic on 
March 11, 2020, after the virus spread to almost all parts of the world. As of May 5, 2020, this virus has spread to 212 
countries, and the most affected areas are the United States and most countries on the European continent such as 
Italy, France, Spain, and the UK. Indonesia itself is the region in Southeast Asia with the highest number of positive 
cases of COVID-19 as of May 5, 2020, as many as 12,071, and the death toll is 872 people. 
Many dynamic model approaches have been taken to address the COVID-19 pandemic most previous studies only 
used the SEIR model as the basis for forming mathematical modeling logic based on existing data. A simple model 
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limited to SEIR can usually only predict the number of victims, but cannot predict other important variables such as 
the number of hospital capacities needed, the effect of preventive measures taken by the government, and the period 
of the virus cycle from infecting a susceptible population to being infected, then either recover or die. 
 
The dynamic system is used in this study to model the spread of the COVID-19 pandemic in the form of a causal loop 
and form a simulation of a complex interconnected system, starting from the entry of several Imported Case 
populations from the entrance of the area, to forming an ODP population (Person Under Supervision) and PDP (Patient 
Under Supervision) which will then be declared positive, negative, or unconfirmed based on data from the percentage 
of PCR tests performed. The population of ODP and PDP will continue to grow along with the limitations of the PCR 
Test which cannot cover the entire population of ODP and PDP and can lead to an increase in the number of vulnerable 
victims exposed, thereby increase the population of local transmission. 
 
In addition to predict the number of victims based on simulations and several scenarios carried out, this study will also 
predict the capacity needs of hospitals and their facilities such as the availability of PPE, beds, health workers, and 
ventilators. This study also looks at several prevention scenarios that the government can do such as limited access to 
airports and ports (Border Restriction), closing schools and offices by promoting learn and work from home programs, 
increase the number of PCR (Polymerase Chain Reaction) test to improve the handling of positive patients, as well as 
increase the availability of facilities at COVID-19 hospitals. 
 
The ultimate goal of this research is to be able to design a tool that can effectively and efficiently summarize the 
problems that arise due to the COVID-19 outbreak related to the number of patients, health service capacity, and the 
effect of government preventive measures in an area. These tools are expected to be able to see the number of infected 
patient populations, the availability of health service capacity, as well as the influence of preventive movements by 
the government against the COVID-19 pandemic which is currently endemic by adjust the data announced by the 
government for the region, and in this study the region, The focus for research in North Sumatra Province, Indonesia. 
 
1.1 Objectives 
The general purpose of this study was to obtain a model for the spread and number of COVID-19 patients in North 
Sumatra using a dynamic system. The specific objectives of this research are as follows: 
1.  Obtain a conceptual design of a dynamic model to predict the spread and number of COVID-19 patients in North 

Sumatra by using a Causal Loop Diagram. 
2.  Obtain a simulation model of the spread and number of COVID-19 patients in North Sumatra using AnyLogic 
3.  Obtain an experimental simulation of the government's preventive measures against COVID-19 using several 

simulation model scenarios. 
4.  Obtain an analysis of the capacity needs of health services based on predictions of the spread and number of 

patients from the simulation results and several scenarios carried out. 
 
2. Literature Review 
Infectious disease modeling is a tool that has been used to study the mechanisms of disease spread, predict future 
outbreaks and evaluate strategies to control epidemics. Originally, dynamic models for infectious disease are largely 
based on compartmental structures and later developed by many other biologists. To formulate dynamic models for 
epidemic disease transmission, the population in an area is often divided into different groups or compartments. The 
model that describes the dynamic relationship between these compartments is called the compartment model.  
 
The estimation of the spread of COVID-19 by developing a dynamic model of the epidemic based on a framework 
built with the SEIR method (Susceptible, Exposed, Infected, and Recovered) by looking at the change in the average 
contact rate per person as more deaths are reported in Iran. Then we look at the differences between reported cases 
and real cases by including the formulation and how these compartments change in response to the development of 
the epidemic. The following is a representation of the model built in this study. 
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Figure 1. Simplified Model Representation 

 
AnyLogic software supports the design and simulation of feedback structures such as stock and flow diagrams and 
array variables in a way that is easily recognizable to most system dynamics modelers. AnyLogic software offers all 
the benefits of an object-oriented approach to system dynamics modeling simply. Complex models can be defined 
continuously with objects simply by setting interface variables as inputs and outputs.  
 
System analysis is closely related to the formation of a model of the system. The model is defined as a representation 
of the real system in a simple form involving only the most influential components. The model is used as a tool to 
analyze the existing system. The use of models in the engineering field is related to the natural world while the 
engineering field is related to the world of human creation. 
 
System dynamics is defined as a field for understanding how things change over time. System dynamics is a method 
that can describe the process, behavior, and complexity in the system. This system dynamics methodology has been 
and is being developed since it was first introduced by Jay W. Forester in the 1950s as a method of solving complex 
problems that arise due to the causal dependence of various variables in the system. A causal loop diagram is an 
expression of a causal relationship in a particular picture. One of the elements of cause and effect refers to a qualitative 
(perceived) or quantitative (actual) measurable state. The process (rate) or information about the state as a cause that 
produces a state (level) or influence on the process as a result or preferably. A simulation is a tool that is only used if 
there is a natural understanding of the problem to be solved. Simulation is designed to help solve a problem related to 
a system that operates naturally. Failure in simulation experiments to produce a result is more often due to a lack of 
an understanding of the system than a knowledge of how to use simulation software. 
 
3. Methods 
The time of the study was carried out from March to July 2020 by looking at the development of the situation of the 
spread of COVID-19 which was updated every day. The type of research used in this study is a case study. Case study 
research is a research method that investigates phenomena in real-life contexts when the boundaries between 
phenomena do not appear clear or clear using various sources. The objects studied in this study were the number of 
patients who were ODP, PDP, positive, recovered, or died, the availability of hospital facilities, and the effect of 
preventive measures taken by the government in dealing with the COVID-19 pandemic that occurred. The variables 
in this study are divided into 3 types, namely the dependent variable, the independent variable, and the intervening 
variable. The variables needed in modeling the number of victims of the COVID-19 pandemic. 
A conceptual framework is a form of framework that can be used as an approach in solving problems. Usually, the 
conceptual framework of this research uses a scientific approach and shows the relationship between variables in the 
analysis process. Research can be carried out if there is a good conceptual framework design so that the research steps 
are more systematic. The Research Conceptual Framework can be seen in Figure 1. 
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Variable Dependent:
Number of ODP, PDP, 

confirmed patient of positive, 
recover, or died and available 

hospital capacity

Variable Independent:
Exposed (Imported Case) and 
Exposed (Local Transmission)

Variable Intervening:
PCR test, Spreader, 

government precautions

 
Figure 2. Research Conceptual Framework 

 
4. Data Collection 
The data collected for use in this study are as follows: 
•  Primary data is data obtained by conducted telephone interviews with doctors, nurses, or health workers who treat 

COVID-19 patients in North Sumatra to find out the latest information on the impact of the spread of COVID-19 
in North Sumatra. 

•  Secondary data is data obtained from the Ministry of Health, North Sumatra Province Health Office, and the 
Central Statistics Agency of North Sumatra Province, namely data such as the number of ODP, PDP, Positive, 
Recovered, or Died Patients, and Hospital Capacity in handling the pandemic of COVID-19 in North Sumatra. 

•  Data collected for ODP, PDP, Positive, Recovered, or Died is limited according to the research limitations, namely 
data announced on April 20, 2020, to April 30, 2020, as well as Hospital Capacity data, which is available in March 
and April 2020. 

Data processing is carried out in the design of the COVID-19 pandemic modeling in North Sumatra with a dynamic 
system model, namely: 
•  Build a conceptual model of the COVID-19 pandemic in North Sumatra with causal loop diagrams. 
•  Build a simulation model for the COVID-19 pandemic in North Sumatra in the form of stock and flow diagrams 

using AnyLogic Software. 
•  Verify and validate the model. 
•  Conducting experimental simulations on simulation models with scenarios in the form of preventive actions taken 

by the government. 
•  Calculate the value of the availability of hospital facilities. 

Case Study

COVID-19 
Pandemic

Dara Collection

Conceptual 
Model

Computerized 
Model

Experimentation
/Analysis

 
Figure 3. Research Block Diagram 
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5. Results and Discussion 
Based on the dynamic system design Steps according to Forrester, the following are the dynamic system design 
procedures applied in this study: 
•  Describe the system to be designed using a causal loop diagram. 
•  Convert the system description into levels and rates and form a formulation equation using stock and flow diagrams 

in AnyLogic Software. 
•  Simulate a model that has been converted and formulated with AnyLogic Software. 
•  Design alternative policies and structures for testing by applying multiple scenarios to the model. 
•  Educate and discuss the model that has been tested by analyzing the simulation test model and the scenario results 

obtained. 
•  Implement changes to policies and structures that have been tested by providing discussions in the form of inputs 

and suggestions based on the results of simulations and model scenarios. 
 
Causal loops are used to help modelers understand the system by providing an overview through cause and effect 
relationships in the system (system conceptualization). After all the required compartments, variables, and parameters 
are detailed, designed, and connected with a causal loop diagram, the results of the overall COVID-19 pandemic 
modeling design can be seen with the causal loop diagram in Figure 4 below. 
 

 
Figure 4. Causal Loop Overall Model Design  

 
The display of the COVID-19 pandemic simulation model in North Sumatra that has been compiled in AnyLogic 
Software based on the design of the causal loop diagram can be seen in Figure 5. 
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Figure 5. Simulation Model 
 

After the simulation model is completed, a mathematical formulation is then drawn up using a computer language 
(programming language) and also from the data that has been collected. Then the model is verified which aims to 
ensure that the simulation model has been designed correctly by utilizing the Problems feature in AnyLogic Software 
to see if the designed model allows simulations to be carried out. If the designed model allows it to be simulated, it 
will show no error notifications and warnings on the problem features contained in the model. As can be seen in Figure 
6 below. 

 
Figure 6. Feature Problems in the Simulation Model 

 
After the model is verified, further validation is carried out on the model. Model validation is the process of 
determining whether the simulation model created can properly represent the real system. The model is said to be 
valid if the comparison results show that the model and the real system are not significantly different. Actual and 
simulated data on the number of ODP in North Sumatra from 20 April 2020 to 30 April 2020 can be seen in Table 1. 
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Table 1. Actual and Simulation Data on the Number of ODP in North Sumatra in 
20 April 2020 to 30 April 2020 

Date Actual Simulation Date Actual Simulation 
20 April 2020 1749 1976 26 April 2020 2443 2149 
21 April 2020 1841 2005 27 April 2020 2412 2177 
22 April 2020 2134 2035 28 April 2020 2403 2204 
23 April 2020 2181 2064 29 April 2020 2401 2232 
24 April 2020 2176 2093 30 April 2020 2341 2259 
25 April 2020 2150 2121    

 
Model validation is done by testing the actual data with the simulation results. Whether the data is relevant or not. 
Validation on modeling can be done by comparing the behavior of the model with the real system, namely the MAPE 
(Mean Absolute Percentage Error) test. MAPE is a relative measure of the percentage error. This test can be used to 
determine the suitability of the simulation data with actual data. 

MAPE= 
∑ �A-S

A �
n

 x 100% 
 
The following is the MAPE calculation for ODP which can be seen in Table 2. 

Table 2. Calculation of MAPE ODP 
Date Actual (A) Simulation (S) A - S |A – S| |(A - S)/A| 

20 April 2020 1749 1976 -227 227 0,130 
21 April 2020 1841 2005 -164 164 0,089 
22 April 2020 2134 2035 99 99 0,046 
23 April 2020 2181 2064 117 117 0,054 
24 April 2020 2176 2093 83 83 0,038 
25 April 2020 2150 2121 29 29 0,013 
26 April 2020 2443 2149 294 294 0,120 
27 April 2020 2412 2177 235 235 0,097 
28 April 2020 2403 2204 199 199 0,083 
29 April 2020 2401 2232 169 169 0,070 
30 April 2020 2341 2259 82 82 0,035 

Total 24231 23315 916 1698 0,777 
    MAPE 7,059 

 
There is a deviation of 7.059% between the simulation results and the actual data. Based on the model's accuracy 
criteria, the simulated MAPE value 5% < MAPE <10% so that it is said that the model is appropriate and acceptable 
(valid), as well as the value for PDP which is 6.964%, Positive Patient 5.047%, Patient Recovered 7.349%, and Patient 
Died 8.633%. 
 
Data from the simulation results of Hospital Capacity handling COVID-19 based on the availability of PPE, beds, 
health workers, and ventilators in North Sumatra from April 20, 2020, to April 30, 2020, can be seen in Table 3. 

Table 3. Data on Hospital Capacity Simulation Results 
Date APD Sleeping Bed Health Workers Ventilator 

20 April 2020 1074 73 -223 258 
21 April 2020 1053 52 -244 248 
22 April 2020 1033 32 -264 238 
23 April 2020 1012 11 -285 228 
24 April 2020 992 -8 -305 219 
25 April 2020 972 -28 -325 208 
26 April 2020 953 -47 -344 198 
27 April 2020 933 -67 -364 188 
28 April 2020 914 -86 -383 178 
29 April 2020 895 -105 -402 167 
30 April 2020 875 -125 -422 157 
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Experiments carried out on the simulation model aim to understand the behavior of the system concern the operation 
of the system. Simulation experiments in this study were carried out by creating several scenarios. The model 
simulation scenario in this study was carried out using government prevention, namely school closure, enforcing work 
from home, area border restrictions, increase PCR tests, and increase the capacity of health facilities. Scenarios are 
carried out by increased, decreased, or doing mixed actions on the parameter values of the coefficients of each of these 
precautions, then each scenario will be compared with the actual conditions and the initial validated simulation. 
Comparison of the simulation results of scenarios I, II, and III with the actual conditions and the initial simulation for 
ODP, PDP, Positive, Recovered, or Died Patients can be seen in Figure 7 below. 
 

 
Figure 7. Comparison Graph of Actual Conditions and Initial Simulation 

with the results of scenarios I, II, III 
 
Comparison of the simulation results of scenarios I, II, and III with the initial simulation for Hospital Capacity which 
consists of PPE Availability, Bed Availability, Health Officer Availability, and Ventilator Availability can be seen in 
Figure 8 below. 
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Figure 8. Comparison Graph of Initial Simulation with Scenario Results I, II, III 
 

6. Conclusion 
The conclusions that can be drawn from this research are as follows. 
•  Experimental simulations carried out using AnyLogic Software generate initial simulation values which are then 

validated with MAPE to match the actual data. Initial simulation values on April 30, 2020, resulted in 2259 ODP, 
165 PDP, 118 Positive Patients, 39 recovered, and 12 died. The results of 3 scenarios of government preventive 
measures in which scenario I the coefficient value is reduced by 10%, scenario II is increased by 10% and scenario 
III is mixed by 10%, showing a decrease in the number of patients for the scenario I and an increase in patients for 
scenarios II and III. Successive scenarios (I, II, III) the number on April 30, 2020 is ODP (1797, 2752, 2762) 
people, PDP (129, 204, 206) people, Positive Patients (102, 138, 157) people, Healed (35, 48, 55) people, and Died 
(11, 15, 17) people. 

•  Hospital Capacity Simulation shows the availability of PPE, Beds, Health Officers, and Ventilators. Based on the 
initial simulation results on April 30, 2020, the availability of PPE amounted to 875 units, Beds -125 units, Health 
Officers -422 people, and Ventilator 157 units. As for the results of scenarios (I, II, III) on April 30, 2020, each of 
them shows the number of PPE availability (1256, 507, 329) units, Beds (155, -393, -571) units, Health Officers 
(-171, -660, -839 people, and Ventilator (259, 56, 5) units. 

•  Based on the scenario that has been carried out, it shows that preventive measures taken by the government can 
significantly affect the number of patients/victims as well as the available hospital capacity. The better the 
preventive measures taken by the government, the more significantly the number of patients/victims and increase 
the capacity of the hospital, conversely, the worse the preventive measures taken by the government, the more the 
number of patients/victims and reduced hospital capacity. 
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