
Simulation Covid-19
Novel Simulation approach in studying the impact of non-pharmaceutical 
Interventions on the spread of COVID-19 in Saudi Arabia



Abstract

This simulation model specified for Saudi Arabia to support decision-
makers to understand how the disease spreads, test potential decisions, 

and find each decision's impact.



Simulation Model

• The simulation will be based on complex SEIR+D model of Epidemic dynamics using a hybrid
model of two paradigms of simulations: system dynamics and agent-based modeling.

• The core of the model is a SEIR+D model, but multiple other models built on top of it to cover all
the variables described in next pages.



Simulation Model
The reason to choose a Hybrid model because the ABM can simulate the behavior on the granular level 
while the SD can handle large information on the aggregate level. Combining these two techniques can 
increase model flexibility to accommodate various scenarios in a relatively timely fashion. 

Agent Based Modeling System Dynamic

To simulate the behavior on the 
individual level such as travel from city to 
city and performing hajj etc..

To simulate the behavior on the 
population level. 



Simulation Model
System Dynamic model (Simplified Base Model)
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Technical and scientific details
• In this model we will be using differential equations to 

simulate the rate of change of flows with respect to time.

• Let, 

• P be the total population,

• 𝑆 𝑡 be the number of susciptible in time t, 𝑆 𝑡 ≥ 0

• 𝐸 𝑡 be the number of exposed in time t, E 𝑡 ≥ 0

• 𝐼 𝑡 be the number of infectious in time t, I 𝑡 ≥ 0

• 𝑅 𝑡 be the number of recovered in time t, R 𝑡 ≥ 0

• 𝐷(𝑡) be the number of dead in time t, D 𝑡 ≥ 0

then,

𝑃 = 𝑆 𝑡 + 𝐸 𝑡 + 𝐼 𝑡 + 𝑅 𝑡 + 𝐷(𝑡)



Technical and scientific details
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where 𝛼 is the contagion parameter (𝛼 > 0), 𝛽 is the recovery rate (𝛽 > 0), µ is the fatality rate (µ > 0), and ɛ is the incubation 

parameter (ɛ > 0).



Technical and scientific details

• 𝑅0 = Number of contacts per day x Probability of transmission per contact x  

Duration of illness  × Probability of recovery  = 𝑐 ∗ 𝛼 ∗
1

𝛽+ µ
∗

𝜀

𝜀+ µ

• If 𝑅0 = 2, then:

• If 𝑅0 < 1, the disease-free equilibrium point is globally asymptotically stable and 

there is no endemic equilibrium point (the disease dies out). 

• If 𝑅0 > 1, the disease-free equilibrium point is unstable, and a globally 

asymptotically stable endemic equilibrium point exists.



Simulation Model
Agent based model adds to the model (Travel)

• We studied the travel behavior from historical data to simulate 
the travel behavior. 
• Traveling in an airplane will cause close contact to others and each 
passenger has unique attributes such as infection status, immunization 
status, age and flight information.

• That’s why we used ABM to capture all this information so that when 
someone travels from a city to another, we can capture the status of that 
person and how those people together might affect the infection rates 
when they arrive to the destination.
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Parameters

82 20 1640X =

Healthcare resource Disease behavior Population behavior Policies

Ventilators Incubation Period Mobility Going to school ban

Manpower Death Rate Travel Local travel ban

ICU Treatment Contact rate Mosque closures 

Unique parameters Directorates Total



Dynamic Events

95 20 1900X =

Increase number critical cases Increase gathering rate Mobility and contact rate decreased 

Exceed number of ventilators Infection rate Increase Infection rate decreased

increase number of deaths Increase number of cases Decrease number of deaths

Clinical pathway Behavioral pathway Policy pathway

Unique pathways Directorates Total



Events and assumptions included in the simulation model

Return to school

International travel Back to work

Virtual study
Partial return (15%)

Full comeback

Isolation for 14 days upon 
entering the Kingdom.

No isolation with applying 
spacing measures.

100% return to work.

EId

There will be no 
additional spacing 

parameters.

Vaccination

Not being vaccinated
Vaccination for 15% of the 

exposed population

The program

The simulation model's basis 
is based on 𝑅_0 = 1.1, and 

then the scenarios are added 
to it.

𝑅0



Capacity Planning

Residents

Nursing staff type 1: 1 Nursing staff Intensive care beds

Respiratory therapists
Consultants Specialists 

Quarries Breathing apparatus

𝟏: 𝟏



Hajj integrated with the model

At the month of hajj millions of people around the world go to Makkah for Hajj.
Hajj is an annual Islamic pilgrimage to Makkah the holiest city for Muslims.

Assumptions for the hajj scene

When model time 
Matches hajj month

Agents representing people from the 
population for each region is created. 

Population is taken from the SD Model with 
their infectious status into consideration

The model will be affected 
based on hajj outcome

After hajj the agents return to their 
regions with their status into 

consideration



Hajj integrated with the model

The model built in a way that enables the user to change these assumptions at runtime

Higher Contact rate Healthier population Longer time to isolate

▪ Shared facilities
▪ Shared transportation
▪ Proximity most of the day

▪ Less comorbidies
▪ Younger age group (20-65)

▪ Elevated spirit
▪ Afraid of being turned down

𝑅0 increase by a factor of 6

2 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑑𝑎𝑦𝑠 𝑡𝑜 𝑖𝑠𝑜𝑙𝑎𝑡𝑒

Service providers

▪ 1K additional personnel

On travelling day

▪ Contact rate will be higher

Assumptions for the hajj scene



Hajj workflow

Before Hajj (Measures)

During Hajj (Report)

2

31

Swaps taken

0 vs. 1 vs. 2 Swaps

Seven-day isolation 

Isolation will happen after 1 negative swap
Isolation compliance is set to 80% Active ICU casesTotal mortalitiesActive cases

After Hajj - KSA level
(Measures and Reports) 

Isolation policy
No isolation vs. at Makkah vs. At home

KSA level

Active
ICU cases

Total
Mortalities

Active
Cases

Selective population

Normal vs. 50% recovered staff

Multiple scenarios were simulated, and multiple report has been generated



Hajj workflow

Friendly interface and Expert mode

Friendly interface to run multiple and adjustable scenarios with expert mode capability.

Adoptability
The model can accommodate unforeseeable situations during or beyond COVID-19

Insert screenshot



Policy comparison (Mortalities)

Date Policy Rank

30/03/2020 start of 24 hr quarantine in some cities 1

16/03/2020 Travelers's isolation 2

08/03/2020 Ban going to Schools 3

23/03/2020 quarantine from 7 pm to 6 am 4

15/03/2020
Ban Shopping, gatherings and going to 
Governmental Workplace

5

25/03/2020 Ban regional travel 6

25/03/2020 quarantine from 3 pm to 6 am 7

23/01/2020 Media Campaigns 8

28/05/2020 quarantine from 3 pm to 6 pm 9

31/05/2020 quarantine from 8 pm to 6 am 10

-%

Total impact of Saudi governmental
policies on 𝑹𝟎

- Deaths / 1M Pop

- Deaths / 1M Pop

Reports



What if no action was taken?

Today ’s  total actual Today's  No policies  s imulation Actual vs . s imulation ratio

Reports



Swaps policy impact on hajj ICU & mortalities
Reports, (10k pilgrims + 1k staff + 1 swap & 7 days isolation before hajj)
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Isolation policy impact on total cases after a month
Reports, (10k pilgrims + 1k staff + 1 swap & 7 days isolation before hajj)

National Level

Total Cases Due to Hajj

No Isolation Home Isolation Makkah Isolation

6.9k

Total cases due to hajj after a month



Isolation policy impact on ICU & mortalities after a month
Reports, (10k pilgrims + 1k staff + 1 swap & 7 days isolation before hajj) 
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Selective Population
Reports
(1k + 1 swap before isolation + 1 swap before Mena + home isolation before and after Hajj + 3 days Makkah isolation before hajj + less time to isolate due to daily 
temp check + lower contact rate (𝑅_0=2) + high contact rate during travel day)

Random Selection
(KSA representative)

Total additional Cases After a Month

Additional ICU Additional Death

Recommended

50% Recovered

Total additional Cases After a Month

Additional ICU Additional Death
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Total Cases

National Level



Vaccination comparison [Active Cases]
Reports, If Restrictions are lifted by Q2

rate effect

Targeted
Coverage level

10% vaccination

1% vaccination

31% Flat vaccination stock

25% vaccination

50% vaccination

No vaccination

100% vaccination
75% vaccination

1/4/2021



Challenges

• Lack of a comprehensive simulation model for the situation in Saudi Arabia to confront 
Corona disease.

• Difficulty of dealing with outspread data from different systems to make a decision.
• Making a large number of decisions in a short time
• Changes in community habits.
• Using the right paradigms




