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Sungkyunkwan University Winter Internaࢢonal Student Experience (WISE)
2026

Modeling Complex Systems for Sustainability
Dr. Natanael Karjanto, Sungkyunkwan University

COURSE INFORMATION
Credits: 3 credits
Class Hours: 42 contact hours in total
Class Period: 22 December 2026 – 7 January 2027

SHORT COURSE DESCRIPTION
This course offers a comprehensive introducࢢon to sustainability and sustainable development through
the lens of mathemaࢢcal modeling. Students learn to conceptualize, build, and interpret models of
interconnected systems in nature and society. They will gain a global perspecࢢve on sustainability
through South Korea, one of the world's most dynamic technocultures, and exploring how a single
society navigates demographic transformaࢢon, ecological management, and technological disrupࢢon
simultaneously. A unifying quesࢢon drives the course: how can mathemaࢢcal tools help us understand
and respond to the complex sustainability challenges of the twenty-first century?

The curriculum develops core modeling concepts, namely stocks and flows, equilibrium, feedback
loops, growth and limits, and network structure, and applies them through a range of paradigms:
logisࢢc  and  predator–prey  models,  SIR/SEIRS  epidemiological  frameworks,  probability  and  risk
assessment, game theory, agent-based modeling, and the "tragedy of the commons." Korean case
studies anchor every topic, from Fermi esࢢmaࢢon of Seoul's environmental footprint and the 2015
MERS outbreak, to the KTX rail network, the Kaesong Industrial Complex as a prisoner's dilemma, and
Gwangjang Market as an agent-based model.

No prior experience in complex systems, mathemaࢢcal modeling, or Korean studies is required, only a
willingness to engage rigorously with quanࢢtaࢢve ideas.

LEARNING OBJECTIVES

By the end of the course, students will be able to:
1. Apply core mathemaࢢcal modeling concepts, including stocks and flows, feedback loops,

equilibrium, and carrying capacity, to analyze real-world sustainability problems in ecological,
economic, and social systems.

2. Construct and interpret a range of mathemaࢢcal models, including exponenࢢal and logisࢢc
growth  models,  Lotka–Volterra  predator–prey  systems,  and  SIR/SEIRS  epidemiological
frameworks, and evaluate their assumpࢢons and limitaࢢons in context.

3. Quanࢢfy and communicate risk and uncertainty in complex systems using probability theory,
staࢢsࢢcal distribuࢢons, and data-driven reasoning, drawing on case studies in environmental
hazards and public health.

4. Apply game-theoreࢢc tools,  including Nash Equilibrium, the prisoner's  dilemma, and the
tragedy of the commons, to evaluate strategic decision-making in sustainability governance
and internaࢢonal cooperaࢢon.

5. Design and analyze a basic agent-based or network model to simulate emergent behavior in
a complex system, and criࢢcally assess the model's validity against real-world evidence.
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READING MATERIALS
John Roe, Russ deForest, and Sara Jamshidi, Mathemaࢡcs for Sustainability, Springer, 2018.
ISBN-13: 978-3-319-76659-1                          SKKU Library: WW0172684 510 R698m.

Nino Boccara, Modeling Complex Systems, 2nd ediࢢon, Springer, 2010.
ISBN-13: 978-1-4419-6561-5                       SKKU Library: WW0175173 003 B664m2.

COURSE REQUIREMENTS AND GRADING
1. Passing Criterion
Performance in this course is evaluated on a 100-point scale. To receive a “Pass” grade, students
must achieve a total score of 60 points or higher.

2. A�endance and Parࢢcipaࢢon (20%)
While SKKU regulaࢢons require a minimum of 80% a�endance, students in this course are strongly
encouraged to maintain 100% a�endance to fully grasp the cumulaࢢve nature of the mathemaࢢcal
modeling topics. A�endance will be recorded daily. Frequent tardiness (three instances of arriving
more than 10 minutes late) will be counted as one unexcused absence. Acࢢve parࢢcipaࢢon in class
discussions and hands-on modeling acࢢviࢢes is expected and factored into this component.

3. Homework Assignments and Quizzes (40%)
Regular assignments and short quizzes will be conducted to assess the understanding of modeling
paradigms and mathemaࢢcal tools. These are designed to provide conࢢnuous feedback throughout
the term. Please note that late submissions for homework or quizzes will not be accepted unless
documented extenuaࢢng circumstances are provided.

4. Final Examinaࢢon (40%)
A comprehensive final examinaࢢon will be held at the end of the semester. This exam evaluates the
student’s ability to apply course concepts to real-world sustainability scenarios. Failure to a�end the
final examinaࢢon without prior approval and evidence of a serious emergency will result in an
automaࢢc “Fail” for the course.

5. Academic Honesty
Academic integrity is strictly enforced. Any form of plagiarism, unauthorized use of AI tools, or
academic dishonesty will result in an immediate “Fail” grade and will be reported to the university
administraࢢon in accordance with SKKU’s code of conduct.

6. Electronic Resources
Students must regularly check the iCampus (Canvas-based) learning management system. All 
course materials, announcements, and grade updates will be posted there.

COURSE SCHEDULE

– WEEK 1 –

1. Tues  day     (  22     Dec  )  : Introducࢢon to Sustainability, Complex Systems, and Mathemaࢢcal Modeling

Defining sustainability and sustainable development. Introducࢢon to mathemaࢢcal thinking for 
sustainability. Scienࢢfic notaࢢons, measurements, and orders of magnitude.

Korean case study: Fermi Problems
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(a) Esࢢmaࢢng annual plasࢢc waste from South Korea's takeout coffee culture (~5.8 billion cups/year);

(b) Calculaࢢng the energy footprint of AI-driven social media usage in Seoul. Students pracࢢce unit 
analysis, orders-of-magnitude reasoning, and scienࢢfic notaࢢon.

2. Wednes  day     (  23     Dec  )  : Stocks, Flows, and Equilibrium

Core concepts of stocks and flows. Modeling simple systems with constant rates. Introducࢢon to 
feedback loops. The concept of equilibrium and its stability. Jevons paradox.

Korean case study:
(a) South Korea's district heaࢢng network (지역난방): Seoul and Sejong City operate one of the 
world's largest centralized heat-pipe systems: thermal stock in the distribuࢢon network, inflow from 
co-generaࢢon plants, ou�low through residenࢢal heat exchangers, and negaࢢve feedback from 
thermostaࢢc demand controls.

(b) The Jevons Paradox in KEPCO's electricity grid: South Korea's aggressive energy-efficiency 
programs have been offset by rising total consumpࢢon, a cleaner and equally compelling example.

3. Thursday     (2  4     Dec  )  : Introducࢢon to Complex Systems and Networks

Defining complex systems. Characterisࢢcs of complex systems: emergence, self-organizaࢢon, and 
non-linearity. Introducࢢon to network theory and its applicaࢢon to social, ecological, and economic 
systems.

Korean case study:
(a) KTX high-speed rail network: The KTX/SRT graph (Seoul–Busan–Gwangju–Gyeongju–Gangneung) 
is an ideal small-world network exercise. Students compute degree distribuࢢon, average path length, 
and clustering coefficient from real ࢢmetable data, then analyze what happens when the Osong 
Juncࢢon fails (a real 2011 incident that actually disrupted the whole network).

(b) Busan Port: For percolaࢢon theory, consider Busan Port, the world's 7th-largest container hub, 
whose removal from the global shipping graph triggers a genuine percolaࢢon transiࢢon.

Friday     (2  5     Dec  )   - Holiday  

– WEEK 2 –

4.    Monday     (  28     Dec  )  : Growth, Limits, the Exponenࢢal Model, the Logisࢢc Model,  and  Carrying
Capacity

Understanding different types of growth. The exponenࢢal model of populaࢢon growth. Discussing its 
limitaࢢons and implicaࢢons for resource consumpࢢon. The logisࢢc model as a more realisࢢc 
representaࢢon of growth with a carrying capacity. Discussing the role of feedback in regulaࢢng
growth.

Korean case study: South Korea's smartphone penetraࢢon curve (2009–2022).
Korea went from near-zero to ~98% penetraࢢon in roughly 12 years, producing one of the 
cleanest logisࢢc S-curves in any naࢢonal dataset. Students fit the differenࢢal equaࢢon, esࢢmate r
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and K, and discuss why Korea's uptake rate r exceeded all peer naࢢons (prior PC-bang internet 
culture, government broadband policy).

5.   Tuesday     (  29     Dec  )  : Predator-Prey and Compeࢢࢢon Dynamics

The Lotka-Volterra predator-prey model. Exploring the cyclical dynamics between species. The use of
this model for understanding compeࢢࢢon in ecological, economic, and social contexts.

Korean case study:
(a) Ecological applicaࢢon: the reintroducࢢon of wolves (apex predators) to the Korean Demilitarized 
Zone (DMZ) ecosystem and projected prey-populaࢢon cycles.

(b) Economic applicaࢢon: compeࢢࢢve market dynamics between Korean conglomerates (chaebol) 
and SMEs modeled as a compeࢢࢢon variant of Lotka–Volterra.

6.   Wednesday     (  30     Dec  )  : Modeling Disease Spread: From SIR to SEIRS

Introducࢢon to epidemiological modeling. The SIR (Suscepࢢble, Infected, Recovered) model and its 
parameters. Discussing its relevance to public health and policy.

Korean case study: 2015 MERS outbreak in South Korea
It was the largest MERS outbreak outside the Arabian Peninsula, ignited by a single superspreader in 
a hospital waiࢢng room and amplified through a hospital-visitaࢢon network. The case is analyࢢcally 
rich: within-hospital R₀ ≈ 2.5, rapid transiࢢon to near-zero once contact-tracing and isolaࢢon were 
applied, and 17,000 people quaranࢢned. Students can see a real SEIRS parameter-fiࢰng exercise
with documented outcome data.

7.     Thursday     (31     Dec)  : Data, Risk, and Probability

The role of data in modeling. Introducࢢon to probability and staࢢsࢢcal distribuࢢons. Quanࢢfying risk 
and uncertainty in complex systems. Condiࢢonal probability and staࢢsࢢcal inference.

Korean case study:
(a) Risk modeling for typhoon and Yellow Dust (hwangsa) events affecࢢng the Korean Peninsula using
extreme-value distribuࢢons.

(b) Seismic risk in the Gyeongju–Pohang corridor: South Korea was long regarded as seismically 
negligible unࢢl the 2016 Gyeongju earthquake (M5.8, largest in recorded history) and especially the 
2017 Pohang earthquake (M5.5, almost certainly triggered by a geothermal power plant's 
injecࢢon wells). Students fit a Gutenberg–Richter power-law distribuࢢon to the earthquake 
catalog, esࢢmate return periods for damaging events using extreme-value staࢢsࢢcs, and confront the
ethics of induced seismicity, a policy dimension that resonates across sustainability themes.

8. Friday     (1     J  an  )   - Pre-recorded Lecture:   Decision-Making and Game Theory

Introducࢢon to game theory as a tool for analyzing strategic interacࢢons. The concept of raࢢonality 
and payoffs. The "tragedy of the commons" as a classic example of a collecࢢve acࢢon problem.

Korean case study:
(a) Kaesong Industrial Complex (개성공단):
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The joint North–South Korean industrial zone (operaࢢonal 2004–2016, closed under missile-test 
sancࢢons) is a near perfect repeated prisoner's dilemma: payoff matrices for cooperaࢢon vs. 
defecࢢon are historically documented through actual opening and closure events. Students can
map real decisions onto game-theoreࢢc outcomes and discuss the condiࢢons under which 
cooperaࢢon was sustained for twelve years before a single defecࢢon cascaded to permanent closure.

(b) Mandatory military service (병역의무) as a coordinaࢢon game: universal conscripࢢon as a Nash 
Equilibrium that persists even when individual incenࢢves favor exempࢢon.

– WEEK 3 –

9.   Monday     (  4     J  an  )  : Nash Equilibrium and Cooperaࢢon

The concept of Nash equilibrium. Discussing how cooperaࢢon can emerge in social dilemmas. 
Applying game theory to sustainable resource management and internaࢢonal agreements.

Korean case study:
(a) Inter-Korean resource agreements and the East Sea fisheries dispute as mulࢢ-player Nash 
Equilibrium problems.

(b) South Korea's parࢢcipaࢢon in internaࢢonal climate agreements (Paris Accord NDCs) modeled as a
cooperaࢢve game, exploring the condiࢢons under which stable, cooperaࢢve equilibria are 
achievable.

10.   Tuesday     (  5     J  an  )  : Introducࢢon to Agent-Based Modeling

Introducࢢon to Agent-Based Models (ABMs). Contrasࢢng ABMs with system dynamics. Simulaࢢng 
emergent behavior from individual interacࢢons.

Korean case study:
(a) Gwangjang Market (광장시장) vendor–customer ABM:
Korea's oldest conࢢnuously operaࢢng market in Jongno-gu, Seoul, where simple agent rules 
(vendors compete for foot traffic; customers follow social proof toward popular 빈대떡 stalls) 
produce emergent queue formaࢢon and spaࢢal clustering.

(b) Korean delivery-pla�orm (배달의민족/Coupang Eats) rider rouࢢng ABM: delivery riders as agents
following local rouࢢng heurisࢢcs in Seoul traffic, producing emergent hub formaࢢon around 
restaurant clusters.

11.   Wednesday     (  6     J  an  )  : Building a Complex System Model

Guided session on how to build a basic complex systems model using so[ware. Review of model
design principles.

12.   Thursday     (  7   J  an  )  : Review, Problem solving, and Final Examinaࢢon

Course review and discussion on the future of mathemaࢢcal modeling for sustainability. Final 
reflecࢢons and summary of key course takeaways. Problem Solving
and Final Examinaࢢon.


