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Introduction



Limitations of traditional approaches 

• Traditional positivism-based, quantitative analysis (e.g., traditional variable-
based statistical equations) 
§ often criticized for their (over-)simplification of complex real- world 

phenomena constructed with various elements and their adaptive 
interactions in societies to decontextualized components and 
causal/correlated mechanisms (Fink & Keyes, 2017). 

Image from: https://towardsdatascience.com/data-science-
simplified-part-5-multivariate-regression-models-7684b0489015



Agent-based modeling

• Similar terms/concepts: cellular automata, multi-agent model, individual-
based model, agent-based simulation, agent-based model and simulation, 
agent-based computational model…

• Agent-based models (ABMs), a class of computational models, are in-silico
simulations of social interactions among individual entities (e.g., the infection 
status of individuals) embedded in social structures (e.g., social networks, 
human mobility patterns, geographic/administrative units) that examine the 
emergence of aggregate outcomes (Koh et al., 2018; Jiang et al., 2020). 



ABM strengths 1

1. Simulating the heterogeneity of individual 
agents and their dynamic interactions 
without excessively tuning reality down.
§ e.g., individuals with different demographic 

characteristics can be infected with COVID-
19 under different probabilities when they 
travel to different places with different 
purposes at a specific time like in the real 
world in an ABM) (Squazzoni, 2014).

Image source: https://www.investopedia.com/terms/i/imperfect_competition.asp



ABM strengths 2

2. Applying explicit behavioral and decision-making rules based on theories and 
empirical evidence in modelling and explore hypothetical, counterfactual 
scenarios by changing the rules and model parameters in analysis 
§ e.g., implementing/lifting a social distancing measure of ‘work from home 

(WFH)’ may decrease/increase disease transmission as it can 
decrease/increase the total number of close contacts during daily travel 
(Iranzo & Pérez-González, 2021).



ABM strengths 3

3. An effective tool for bottom-up modelling
and decision support process with 
visualized a different set of model runs 
and results, which can also facilitate 
communication and collaboration with 
stakeholders (Jiang et al., 2020).



A metropolitan-scale, three-dimensional agent-
based model to assess the effectiveness of the 
COVID-19 Omicron wave interventions in a 
hyperdense city: a case study of Hong Kong.

Case study 1

Koh et al. (2022). International Journal 
of Infectious Diseases, 122, 534-536. 



Background- HK Omicron

• 2002-2004 SARS trauma in the 
Greater China region

• ‘Dynamic’ Zero-COVID-19 policy
• Critical conditions with Omicron 

(Feb-June 2022)
ü Distracted by early success in 

prompt COVID-19 control
ü Lower vaccination especially 

among the elderly
ü Controversies over compulsory 

universal testing (CUT) and a 
citywide lockdown in March 2022



Research questions 1

1. A majority of ABMs are aspatial or built with low granularity. More 
importantly, no scalable, city-scale ABM, to the best of our 
knowledge, incorporates the vertical aspect of cities (i.e., building 
heights).
è RQ 1: Is a two-dimensional (2D) ABM sufficiently accurate to 
examine the spatiotemporal patterns of CDs in hyperdense cities? 
If not, how can we build a more realistic ABM to investigate CD 
transmission in highly dense cities? 



Research questions 2

2. Obtaining ‘real-world’ data for building a realistic model is 
important, but about half of the COVID-19 ABMs used 
hypothetical, ‘pseudo-truth’ data constructed by simple 
assumptions or conjecture (Lorig et al., 2021)
è RQ2: How can we make a data-driven ABM using existing, 
publicly available data? 

This study aims to further extend the development of an 
evidence-based, three-dimensional (3D), epidemiological ABM for 
managing communicable diseases tailored to Hong Kong’s unique 
built environment using various public data. 



ODD protocols

• Overview, Design concepts, Details (ODD) protocol: the 
recommended guidelines for documenting ABMs (Hammond, 2015; 
Grimm et al., 2020) 

Grimm et al. (2020): 
https://www.jasss.org/23/2/7.html

https://www.jasss.org/23/2/7.html


O: Overview

1. Purpose
2. Entities, states, and scales

a. Entities: 
1) Individual persons: n= ~7.4 million
2) Points of interest ( POIs ): n= 248,682

b. States:
1) Mobility state: in transit or stay at a place
2) Infection state: different phases of infection

c. Scales: scalable from individuals to street blocks, districts, and the city
3. Process overview and scheduling

a. Daily mobility patterns à COVID-19 transmission
b. Different airborne transmission probabilities by locations
c. Recorded at different geographical scales

(A) Most existing COVID-19 ABMs placed people in a 
2D space or without spatial setting; (B) We built a 3D 
space framework to more accurately simulate the real 
world and estimate the impact of the disease; and 
different sizes of buffers (red) will be generated for a 
proxy of the actual area of each place by accounting 
for Hong Kong’s multi-purpose buildings. 



D: Design concepts 1
4. Design concepts

SEIQR infection submodel

Airborne transmission probability

Human mobility submodel



D: Design concepts 2

4. Design concepts
a. Basic principles: 

1) Two submodels: (a) Human mobility and (b) SEIQR infection submodels
2) Scenarios to model

i. Scenario 1 (Baseline): A condition most similar to the reality. Since 1 
February 2022, 50% population would work from home with a 
gradual increase in the daily booster shots administration. 

ii. Scenario 2: Scenario 1 + a CUT without a citywide lockdown from 26 
March to 3 April. An additional 50,000 quarantine beds would be 
provided by 31 March 2022.

iii. Scenario 3: Scenario 2 + a CUT with a citywide lockdown (i.e., a 90% 
drop in mobility).

iv. Scenario 4: The same conditions as Scenario 3 except for the 
different CUT schedule during the estimated peak time (during 8-14 
March). 



D: Design concepts 3

4. Design concepts
b. Emergencies: by (1) scheduled mobility patterns and (2) varied infection 

probabilities by locations (0-24h data)
c. Adaptations: behaviors and the outcomes are modified under different 

scenarios
d. Sensing:  COVID-19 infection (symptomatic vs asymptomatic cases)
e. Interaction: (1) the proximity between people and (2) airborne 

transmission
f. Stochasticity: (1) disease parameters can have ranges/distributions; and (2) 

travel O-Ds can be randomly assigned under the same travel purposes
g. Collectives: people à households, colleagues, neighborhoods, random 

contacts, etc.
h. Observation: the daily counts of the infection status will be measured à

available for spatial, temporal, and spatiotemporal analysis



D: Details 1
5. Initialization: On model day 1, the COVID-19 patients (n=14) during 

the first one month in Hong Kong (23 Jan-22 Feb 2020) start 
spreading the virus.

6. Input data



D: Details 2

7. Submodels
§ Model parameters/references
§ ABM: AnyLogic ver. 9 

(AnyLogic, 2021) and a 
Windows PC with a 32GB Ram 

§ GIS analysis: QGIS (QGIS 
Development Team, 2021) 



Our model  



Results: Omicron point estimates and their ranges 



Results: Omicron point estimates and their ranges 



Results: Estimated high-risk street blocks of Omicron exposure  



Discussion 1 – Implications

1. Ineffective Omicron interventions in Hong Kong
ü 1 Feb – 9 Mar 2022: # deaths = 2656 
ü This is 1.8 times higher vs. Model 1 estimate (n= 1450)

2. Don’t hesitate! 
ü Stronger measures would be more impactful near the peak.
ü Importance of public health communication

3. Resilient and flexible interventions
ü In general, newer variants are more contagious yet less fatal.
ü Identifying the target priority for intervention would be more important.  



Discussion 2 – Strengths and Limitations

Strengths Limitations

1. Applying a 3D framework
2. Use of Public data

1. Outdated data
2. Randomness vs. stochasticity



Examining disparities in food accessibility 
among households in Columbus, Ohio: an 
agent-based model

Case study 2

Koh et al. (2019). Food 
Security, 11(2), 317-331. 



Overview: purpose of study
1. 2014 Food Insecurity Rate in Columbus, OH: 17.9% 

(US 13%)
2. Aims to model complexities of the food 

environment and identify transformative strategies 
for improving food security using agent-based 
modeling (ABM)



Design concept: Group Model Building (GMB)



Design concept: final conceptual model from GMB



Details 1

• Study area: East-South Columbus, OH, USA
• Data

1. Mapping Food Environment Survey (MFES): a household survey conducted by OSU
2. Food Store Audits (FSA): the availability of the 87 food items (USDA Economic 

Research Service Food Store Survey Instrument (Thrift Food Plan)): FSA Score 1- 100
3. 2014 US Census American Community Survey (ACS)
4. US Census TIGER/Line Shapefiles 
5. Columbus Local Food Action Plan



Details 2
• Agents

1) Households: n = 160,000
2) Food Stores 

a. Supermarkets (SPM): n = 141 ; and 
b. Convenience Stores/Partial Markets (CSPM): n = 72

• Model Measurement: Monthly Food Availability Index (MFAI)  



Details 3



Details 4



Our model



Results 1



Results 2



Results 3



Discussion



Weaknesses and challenges of ABMs

1. Software, coding, and devices
2. Data…data…data……
3. Believe it or not



Future directions
1. Making ABMs for other cities

ü For Korea; or inter-city comparisons
ü With other data available

2. Other diseases
ü Regardless of communicable/non-communicable
ü Ageing/aged population

3. Other research topics
ü With physical environments
ü Nicely aligning with ‘digital twin’
ü Machine learning and other data science 

approaches
4. Hybrid ABM with system dynamics
5. Participatory model building with stakeholders Participatory model building

Hybrid ABMs



Take-home messages
1. ABMs to overcome the limitations of the traditional positivism-based, quantitative analysis

ü Flexibility in modeling

ü Versatility for use
ü Feasibility with data

2. Hong Kong’s Omicron interventions

ü A COVID-19 ABM with a 3D framework for a hyperdense metropolis like Hong Kong
ü An ABM for a better use of the public data to control and manage communicable diseases

ü Importance of resilient and flexible communicable disease interventions
3. Food security in Columbus, OH, USA

ü Collaborations with stakeholders through GMB

ü Focusing only on supermarkets may be ineffective. 


