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Purpose 
The purpose of the simulation is to create a model which shows the spread and effects of 
interventions more realistically than currently existing simulations. To do so, social networks, 
practices, habits, and values are going to be modelled. The model can then be used by 
politicians to make informed decision on regulations regarding the COVID-19 virus 
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State Variables and Scales 

Agent 
The following table contains the variables for the agents. The aim is to use 300 agents in the 
simulation. 

Variable Name Values Description 

Age youth, student, worker, 
retired 

Age group of the agent. 
Youth refers to children, and 
students to university 
students. 

Infected Status Not infected, immune, 
unknown, infected-mild, 
infected-serious, 
infected-critical 

Infection status of the agent. 
Unknown means that the 
agent doesn’t know if she is 
infected or not. Infected-mild 
means only showing mild 
symptoms. Infected-serious 
means care at home. 
Infected-critical means 
hospitalized. 

Epistemic status Healthy, infected, immune Belief about own infection 

Mobility (globally) Isolated, quarantined, free Mobility of the agent. 
Isolated means here 
working from home but 
going to grocery store and 
for a walk. 

Social Aspects 

Social   Importance of social contact 
to the person 

Keep Social Distance   How important is keeping 
social distance to the person 

Follow Rules   How likely is the agent to 
follow rules 
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Risk-avoidance   How risk avoidant is the 
agent, e. g. is she easy to 
fear and stay at home, 
similar to Granovetter’s 
model 

Social Network  Friends of the agent 

 

Culture 
TODO  

Social Network 
The agent is part of a social network. Other agents in such a network can be referred to as 
friends of each other. One agent can be part of multiple social networks. The networks can 
be generated randomly via a normal distribution or using the euclidean distance. Based on 
the value model of other agents at the same private leisure place, school, or university, the 
euclidean similarity is calculated. Then, the closest seven agents are chosen and become 
friends. It is ensured that each agent has at least seven friends. Given the fact that agents 
can be part of multiple social networks, it can be possible that agents have more than seven 
friends.  
 

Needs 
The needs that the agents have, work via the so-called water tank model [4]. This means for 
every need is represented by a number between 0 and 1, that slowly decreases every tick 
using a decay function. Furthermore, they are based on Maslow's pyramid of needs. Needs 
can be given different importance by each agent.  These importances are determined by the 
cultural background chosen for the simulation, in the cultural model. The exact values are 
taken from Hofstede Insights [5].  

Then for each action, there are two functions that indicate how much a need will be satisfied 
by a certain plan. The first function will show how much the need is expected to be satisfied 
on an absolute scale by a plan/course of action. The second function calculates the need 
satisfaction relatively to the current need level, given the current action. This means that the 
more a need is satisfied, the less extra satisfaction will be gained by further actions towards 
that need. Then the action that satisfies the needs to the highest degree is selected to be 
executed. 

Since one of the needs will be a need for compliance, this system allows for both rule 
following, and rule breaking. If you adhere to a rule, the value of your need for compliance 
goes up, but if you break it, the value goes down. This means that agents can decide to 
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break a rule if their highest desired need cannot be satisfied within the currently given rules. 
Thus, it can be possible that different needs interfere with each other. Furthermore, current 
living situations, like living alone or doing home office, will be taken into account and also 
influence the needs of an agent.  Based on Maslow’s hierarchy of needs the following table 
can be derived: 

 

Event Needs satisfied  Needs depleted 

Being with your 
friends/family at a private 
leisure place/home 

Belonging Safety 

Being alone at a gathering 
point 

 Belonging 

Being at gathering point with 
food 

Survival  

Going to work Financial need  

Going shopping Belonging, Self-Esteem Financial need 

Going to school/university Compliance  

Being locked up  Autonomy 

Following the rules Compliance, safety Autonomy 

Being at leisure place Self-Esteem Risk-avoidance, safety  

Avoiding other agents Risk Avoidance, Safety Belonging  

Testing Safety  

Not being constrained in 
your actions 

Autonomy Compliance 

Do what your social network 
is doing 

Conformity  

Autonomy 
Each agent has a default behavior and choices to fulfil its daily needs. Then we keep track 
how many of these choices of behavior are blocked due to restrictions or other people's 
behavior. We calculate the relative amount of these blocked actions over the total amount of 
possible actions of that agent and that is the autonomy restriction. Each agent has a need 
for autonomy that is either fixed at the start for all agents or determined with a very narrow 
normal distribution around a percentage for the whole population. Every agent has autonomy 
as a need and thus a water tank with importance. The water tank drains when the autonomy 
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is constrained. If it gets below a threshold the agent is likely to break rules to fill up the tank 
again. 
However, not any random rule will be broken. Based on other depleted needs, for example 
belonging, the agent will break a rule to increase both, the satisfaction of autonomy and the 
satisfaction of belonging. 
 

Gathering points 
Gathering points (expanding the former concept of “activities”) model contexts where 
people get near to each other. Gathering points are at the core of the proxemics model (a 
central factor for virus propagation in the disease model). 
 
As a simplification, currently, all agents engaged in a gathering point are assumed to be 
(equally) in contact with all others that are also engaged within these gathering points; 
contacts are bidirectional.  
Prospective: adding roles (e.g. shopkeeper having more contacts than clients in a shop) 
 
 
 
 
 

Gathering point 

Type hospital 
school 
shop 
office 
public leisure 
private leisure 
home 
... 

Type of business conducted 
within this activity (serves as 
a motivational factor for 
agent decisions) 

Proximity-factor [0,1] Proximity induced by this 
activity. 

Can be practiced at a 
distance 

yes/no  

Available food rations Integer Amount of days one agent 
can survive based on the 
available food at the store 

Amount of capital Integer Amount of capital a 
gathering point has 
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Current profit Integer Amount of profit made this 
tick 

Max. amount of capital to 
retain 

Integer Amount of capital the 
gathering point wants to 
keep 

Stock of goods Integer Amount of goods available 
for sale 

 

Each agent is related to a set of gathering points and each gathering point is related to a set 
of agents.Various agents can have different relations to the same gathering point, thus 
entailing different reactions to e.g. lockdown or fear. The set of agents, which is related to a 
gathering point home, is called a household. 

Gathering relations 

Commitment [0,1] Importance given by the 
person to the activity (vs. 
fear) 

features list of motives Why this person would get 
in this gathering (e.g. work, 
rest, supply), whether work 
can be completed from this 
gathering point 

 
 
The gathering points are set up as follows: 
 

Gathering Point Amount 

Homes 100 

Schools 3  

Universities (More like 
faculties) 

10 

Essential shops 5 

Non-essential shops 8 

Hospital 1 

Workplaces 10 
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Station / Airport 1 

Public Leisure places 1 

Private Leisure Places 10 

 

Households 
Agents living together are considered a household. Different kinds of households with 
different implications exist: 

 

Type Implications 

Adults rooming together One or more agents who are workers or 
students 

Retired couple Agent is retired and has a partner based on 
probability 

Family At least one agent is a worker. Either or 
both of these agents can be divorced (only 
relevant for initialization) with a certain 
probability. They can also get assigned zero 
or more agents of age “youth” or “student”. 
If either of the parents is divorced, then 
these children can get assigned to two 
households 

Multi-generational living Families live with 1 to 2 retired agents 

 
 
Furthermore, different distributions representing different regions of the world are predefined 
and can be selected. As of now, the following four region settings have been implemented: 
 

● Scandinavia (e.g., Sweden, Norway, Denmark) 
● Mediterranea (e.g., Spain, Italy) 
● South-East-Asia (e.g., China) 
● North America (e.g., USA) 

 
Statistical data that has been used for the definition of the scenarios comes from the UN 
report “Household Size and Composition Around the World 2017”. The following table 
contains the households distributed that were defined for the four scenarios. In the model, 
the number of households is fixed. As the total number of people depends on the household 
configurations, it is calculated accordingly. 



9 

 
 

 Scandinavia Mediterranea South-East-Asia North-America 

Adults rooming 
together 

49% 30% 15% 37% 

Retired couple 27% 42% 22% 33% 

Family 23% 26% 51% 28% 

Multi-generation
al 

1% 2% 12% 2% 

Total number of 
people 

220 250 310 260 

 
 

Economic model 
In order to ensure a realistic simulation, it is necessary to incorporate an economic model in 
the simulation. It is a closed system with the total amount of capital depending on the 
initialized amounts for the different entities in the simulation.  This model is conceptualized 
as follows: 
 

● Workers: Workers earn money from working at their workplace and thus satisfy their 
financial needs. When they are forced to work from home, they will only receive 80% 
of their usual income and when they stay at home, even though they are supposed to 
be at work, they don't earn any money. This money can then be spent in shops, 
essential and non-essential, to satisfy other needs of the agent. Also, workers pay 
taxes based on their income. Workers can work at workplaces, schools, universities, 
and hospitals. 

● Students and retired agents: Students and retired agents don’t go to work to earn 
money. They are subsidized by the government. 

● Children: Children are not part of the economic process. It is simplified in a way that 
their parents are paying for them. 

● Workplaces: Workplaces produce goods and sell them to the shops with a given 
price. They receive money for sold goods and pay the workers their wages. Also, 
they pay taxes. 

● Shops:  Shops, essential and non-essential, buy goods from the workplaces and sell 
them to customers with a given price. They make revenue based on the difference 
between money made of selling products and goods bought from workplaces. In 
addition, shops pay taxes and have a limited storage capacity which is large enough 
to have sufficient amounts of goods. This is necessary to ensure realism and prevent 
shops from stockpiling goods and then never buy from workplaces again. 
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● Hospital and University: People can work at the hospital and the university. Since 
these places don’t sell any goods, they are subsidized by the government. 

● Government: The government is financed via taxes which act as the source of 
income for the government. Expenses of the government are the subsidies for 
students, retired agents, the hospital and the universities. In addition, the government 
can pay wages of workers. To ensure financial safety of the government, it will be 
initialized with a sufficient amount of starting capital. 
 

Disease Model 
The disease model describes how the COVID-19 disease is implemented in the model. The 
following states are implemented:  
 

State Days between transition  

Infection 2 

Asymptomatic contagiousness  4 

Symptomatic contagiousness 7 

Critical or Heal 2 

Terminal 7 

Death - 

 
Agents transition into the next state after a set number of days, which can be read from the 
table. How they transition is dependent upon their disease profile, which is assigned to them 
during initialization.  
 

Disease profile Description 

self-recovery with no symptoms The agent will recover after a few days 
without displaying symptoms 

self-recovery with symptoms The agent will recover after a few days, and 
will also display symptoms 

recovery if treated The agent will only recover if it gets 
treatment 

unavoidable death The agent will transition through the 
different disease states until it dies 

 



11 

In order to represent properly the distribution of the disease, the following parameters are 
introduced into the system, taken into account that old people are more at risk than younger 
people:  
 

Parameter Description 

Propagation risk Risk of propagating the disease 

Self recovery Probability of self recovery when having 
symptoms  

Self recovery old people Probability of self recovery when having 
symptoms for old people, i. e. retired agents 

Reduction probability transmission young Young people, i. e. youth agents, have a 
lower probability of transmitting the disease  

Recovery if treated Probability of recover if getting treated 

Recovery if treated old Probability of recover if getting treated for 
old people, i. e. retired agents 

unavoidable death Probability of unavoidable death due to the 
disease 

unavoidable death old Probability of unavoidable death due to the 
disease or old people, i. e. retired agents 
 

 
In order to determine if an agent gets the disease, the propagation risk is multiplied by a 
factor that represents the density of the gathering point they are currently at. They can only 
get contaminated if they are at a gathering point where there is another agent with the 
disease. 

Epistemic Model 
In addition to the physical infection model, an epistemic model will be implemented in the 
simulation. In this, the agent can have the following beliefs about himself/herself: healthy, 
infected, or immune. These beliefs are determined as follows: 
 

Belief Reasoning 

Healthy No symptoms 

Infected  Sick and visible symptoms  

Immune Belief infected and not showing symptoms 
for three days 
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Agents can also decide to get tested when they are infected and thus update their epistemic 
status to the result of the test. Furthermore, it will be possible that in addition to the agent 
who believes is infected, also the members of his/her current social network will be tested. 
 

Transport Model 
To take the probability into account of getting infected on the way between different locations 
(e.g., on the way to or from work), a transport module was added to the simulation model. 
When agents change location, there is a certain probability for taking a specific transport 
mode. The probability is different for different groups (i.e., adults, students, elderly, ...).  
 
Currently, three different modes of travel exist: public transport (bus, train), ride sharing (taxi, 
uber), and private transport (own car, bike, walk). There is an increased probability of getting 
infected when choosing public transport or ride sharing compared to private transportation.  
 
A factor that influences the infection probability is the density of people in a vehicle. They are 
defined via their size (in m2) and their maximum capacity. This allows for the calculation of 
the density via the number of travellers.  
 
The values in the table below represent the probability of mode choice and are just first 
estimations that will be replaced by real values from studies.  
 

 Child Student Worker Retired 

Solo transport 25% 30% 45% 75% 

Public transport 75% 60% 40% 20% 

Car sharing 0% 10% 15% 5% 

 
 

Migration Model 
In order to model the effects of traveling, a migration model is used in the simulation. This 
allows agents to travel abroad and bring in the disease from there. Contagion works similarly 
as in the normal model. This model is defined as follows: 
 

Parameter Description 

Probability going abroad Probability of the agent going abroad 

Infection when abroad Probability of the agent getting infected 
when e´being abroad  
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Probability getting back from abroad Probability of the agent coming back when 
being abroad 

Density travelling propagation Risk of getting infected when travelling 
locally (within the city’) 

 

Governmental guidelines and interventions 
Based on governmental decisions from different countries and the recommendations from 
the WHO, the following interventions will be implemented in the simulation (not all of them 
are present in the current version). Sliders can be used to make the time they are in place 
adjustable: 

Policy Description 

Social Distancing (contact) Public gatherings of max. X 
people are allowed 

Social Distancing (space) Keep at least X meters 
between you and other people 

Self-Isolation  Stay at home if possible 
(including home-office), but still 
allowed to go shopping 

Self-Quarantine (person)  Stay at home and not allowed 
to outside anymore 

Shielding Extremely vulnerable people 
stay at home and have only 
contact to people who provide 
essential support 

Quarantine (city, area) Put the city or area under 
quarantine and let no one 
leave or enter 

Home-office  People should do home-office 
if possible 

Closing schools, and 
universities 

Close schools and universities  

Closing non-essential shops Close non-essential shops, 
such as clothing stores 
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Closing leisure places Closing public leisure places, 
such as parks, restaurants, 
bars, ... 

Lockdown  

  

 

Process Overview and Scheduling 
Different functional groups can have different schedules as shown in the table below: 

Functional group Schedule 

School Home – School – Home 

Home – School – Leisure – Home 

University Home – School – Home 

Home – School – Leisure – Home 

Home – School – Shopping – Home 

Work Home – Work – Home 

Home – Work – Leisure – Home 

Home – Work – Shopping – Home 

Retired Home 

Home – free choice (except work) – Home 

  

 

The following actions are implemented in the model and performed by the agents: 

Action Description 

Essential Shopping Going to essential shops, supermarket, 
once ration are needed  

Non Essential shopping Going to non essential shops  
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Relax at leisure places Agents can relax at leisure places 

Testing Agents can decide to get tested at the 
hospital. 

Getting treatment If there are beds available at the hospital 
and the agent beliefs it is sick, then it can 
get treatment at the hospital 

Stay at home Agents can decide to stay at home either 
during lockdown or whenever they want, 
like retired agents for example. 

Go to work Work agents will go work in the morning 
and leave in the evening on work days 

Go to university Student agents will go to university in the 
morning and leave university in the evening 
on work days 

Go to school Youth agents go to school in the morning 
and leave school in the evening on work 
days 

Working from home Agents can work from home, if their work is 
doable from home and lockdown is active. 

 
In the model, these actions are represented as a location, a motivation, and whether or not 
the agent will apply social distancing. The actions are chosen based on the depletion of the 
needs. First, the agents generate all actions that are possible for them at the time of making 
the decision (you cannot go to work at night). Then for each action, the expected satisfaction 
gain for each action is calculated, which is discounted by multiplying it with 1 minus the 
current satisfaction level of that need. In this way, needs which are less satisfied are 
becoming more preferable to satisfy since their expected discounted satisfaction gain is 
higher compared to needs which are more satisfied. After that, for each action-need pair the 
expected satisfaction gain is multiplied by the importance for that need, and then for each 
action all the weighted expected satisfactions are summed. The action that has the highest 
total need satisfaction is chosen to be executed. 

Design Concepts 

Time Model 
The day is divided into four slices in the simulation: morning, afternoon, evening, 
night. Each of them have different implications for the agents. The slice of the day 
changes every tick. Furthermore, the simulation also keeps track of the days.  
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Social Aspects 
Depending on their functional age group, agents have different practices. Children simply go 
to school and home while it is necessary that a parent is accompanying them on the way to 
school and back. Students go to university, may hang out with their friends after school 
before they go home or go essential shopping. Working people may either go home after 
work directly or also stay with friends before going home or also go essential shopping, if 
needed. 

Each agent also has different values, included in their personality and culture. Some of them 
are risk-avoidant and keep their social distance, even if the chance of getting infected is low. 
Some people value their personal freedom highly and don’t want to stay at home the whole 
time and thus break the rule of staying isolated, as for example american people [2]. This 
Based on this, a decision between the following implementation has been made: 

Preparedness for obeying the rules and when not obeying, actively looking for crowds (i.e. 
increasing chance of spreading) 

Agents are also part of the following social networks. They can be distinct as well as 
overlapping: work, family, friends, and hobbies. 

 

Infection 
Having a random infection is not good. In reality it seems that people at different ages 
statistically have a different chance of infecting others. The elderly above 70 years of age 
are affected very heavily. The following image taken from Ferguson et al. (2020) [1, p. 5] 
provides an overview of the severity of the infection,  

The incubation time is between 2 – 14 days. As a practical rule of thumb for simplicity, 1 one 
week is used as the incubation time. Once people are cured and thus immune, they are 
going to stay immune. So far, we only focus on one mutation of the virus.  

Urban density places also an important role when spreading the virus. Low-population areas 
may spread the virus faster to a wider area compared to a city, because people are more 
reliant on public transport and transportation facilities. Thus, in the implementation it can be 
modeled that agents, who live in low-populated areas, are forced to travel more for their daily 
activities [3]. 

Initialization 
Statistical data is used to initialize the age of the agents and the household settings. 
Furthermore divorced parents with children and multi generational living will be taken into 
account.  In total 300 agents will be present in the simulation. The distribution of the 
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environmental aspects such as restaurants, offices, schools, and so forth is done manually / 
by design.  
Households are generated based on the profile distribution selected with a total amount of 
300 agents. 
At the start of the simulation, all agents are at home. 

  

Input 
As mentioned before, statistical input is used to set-up parts of the simulation. Manual input 
is used to define the rest of the simulation. Interventions and policies to be used can be 
selected manually to observe their effect on the COVID-19 simulation.  

 

Scenarios 
TODO (Done by Christian on Tuesday (21. April) morning  

 

 

TODO 
Document “testing model” 

https://docs.google.com/document/d/1hx_su_4xolkG2vDQPYxb2HiBC9Y8IQin4VHhkBFQHo
Q/edit 

 

  

https://docs.google.com/document/d/1hx_su_4xolkG2vDQPYxb2HiBC9Y8IQin4VHhkBFQHoQ/edit
https://docs.google.com/document/d/1hx_su_4xolkG2vDQPYxb2HiBC9Y8IQin4VHhkBFQHoQ/edit
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