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EES1118H Fundamentals of Ecological Modelling

Monday 10:00-13:00 [Online Synchronous/in-person (TBA)]
Instructor: Yuko Shimoda

Email: yuko.shimoda@utoronto.ca

Office hours: Tuesday 2:00 — 5:00 pm, and by appointment for onlin
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Mathematical (process-based) models have been widely used strument in science, as well as a
Th|s duces the rapidly

the practicum

management tool to support policy decision-making process raduate course in
growing field of ecological/environmental modelling, w

undamental th
that provides hands-on exercises in the development a ion of models.
COURSE OBJECTIVES @

This course will provide a comprehensive o
presentation of various model types, theo

familiar with most of the basic equati
models; prey-predator, resourc

biogeochemical/eutrophication hasis will be place al model development, objective
model evaluation and validatio ion of the optimal complexi complex ecological processes, explicit
in ecological fa g its implications for environmental

includes the develop Is, model calibration and validation,

odel outputs u ogramming language, and modeling software

inte e complexity, calibrate the model and assess the

ify the uential model parameters (sensitivity analysis), and

SCHE E
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Course ure Schedule

INTRO

Models anagement and Scientific Tool

Modelling El nts and Procedure

Mag P ction of Model Complexity and Structure

Congee odels

2 of the Current State of Mechanistic Aquatic Biogeochemical Modelling

Jan 17 ELLING POPULATION DYNAMICS (PART 1)

sic Concepts
Growth Models in Population Dynamics
Single Population Growth Model
Interaction between Populations: Lotka-Volterra Equations
Interspecific Competition, Prey-Predator Models
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Jan 24

Jan 31

Feb 7

Feb 14

Feb 21

Feb 28

Mar 7

Mar,

ar 21

Mar 28

MODELLING POPULATION DYNAMICS (PART I1)
Mathematical Models in Conservation Biology
Introduction to modelling software

Minimal Models for Solving the “Paradox of Plankton”

MODELLING ECOLOGICAL SYSTEMS - PHYSICAL PROCESSES
Space and Time Resolution
Mass Transport
Advection, Diffusion & Turbulent Diffusion, Dispersion
Mass Transfer at a Two-Phase Interface
Mass and Energy Balance
Mass Balance for a Well Mixed System: Continuous Stirred Tank Reactor el
Mass Balance for a Non-Well Mixed System

MODELLING ECOLOGICAL SYSTEMS - CHEMICAL PROCESSES
Chemical Reactions
Reaction Kinetics
Enzymatic Reactions
Continuous Stirred Tank Reactor Model
Characterization of External Forcing and Response P

CATASTROPHIC SHIFTS IN ECOSYSTEMS

Theoretical Framework: Ecosystem Respon a hanging Conditi
Catastrophic Shifts in Ecosystems, Implic s for Management
Modelling Catastrophic Shifts in stems
Reading Week L 2
MODELLING ECOLOG MS - BIOLOGICAL P NP

Agquatic Biogeo i ication Model

ic ic
t

Algal Grow

Zooplankto

Phosp
Modelling

A'Cemparative Analysis of the Generalized Likelihood Uncertainty Estimation and Markov Chain Monte Carlo
Methodologies

SENSITIVITY ANALYSIS & OPTIMIZATION
Sensitivity Analysis
First-Order & Monte Carlo Analysis
Constrained Optimization
One-dimensional Unconstrained Optimization, multi-dimensional Unconstrained Optimization
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Apr 4 GUEST LECTURE & WRAP-UP
Guest Lecture: Watershed, Hydrodynamic modelling, ensemble modelling (TBA)
Course wrap-up
Pointers for presentation
Tips for final modelling project

EVALUATION
Modelling Project Proposal 20% Due: Fe
Mid-Term Modeling Project 20%

Final Oral Presentation (20%) and Final Modeling Project (30%)
Participation

The evaluation will be carried out in accordance with the Graduate Grading and Evaluation Practices Policy
(and how that policy is interpreted and applied in this Dept.)

http://www.governingcouncil.utoronto.ca/Assets/Governing+Council+Digital+Assets/Policies/PDF/grading.pdf

VERIFICATION OF ILLNESS
During the COVID-19 pandemic, the University is temporarily s din eed for a doctor’s note or a

Verification of Illness for absences from academic participation)students should use the nce Declaration
tool on ACORN to declare an absence if they require consi i issed academi
responsible for contacting instructors to request the ac
record each day of their absence as soon as it begi il the day before the ses or other
academic activities.

EMERGENCY PLANNING
Students are advised to consult the uni i eparedness site (h
information and regular updatesirega ra@tedures relating to e

ACCESSIBILITY NEEDS

The University of Toronto is
any accessibility con

H LANGUAGE
riting support, please see English Language and writing support at University of Toronto
ching and Learning at UTSC.

or the Centre

The following is also useful:
Sylvan Barnett, A Short Guide to Writing About Art. 5-7th edition (New York: Harper-Collins, 1997)
William Strunk Jr., E.B. White. The Elements of Style (New York: MacMillan Publishing)
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http://www.governingcouncil.utoronto.ca/Assets/Governing+Council+Digital+Assets/Policies/PDF/grading.pdf
https://acorn.utoronto.ca/sws/#/
https://acorn.utoronto.ca/sws/#/
http://www.preparedness.utoronto.ca/
http://www.utsc.utoronto.ca/~ability/
http://utsc.library.utoronto.ca/services-persons-disabilities
http://www.governingcouncil.utoronto.ca/Assets/Governing+Council+Digital+Assets/Policies/%20PDF/ppjun011995.pdf
http://advice.writing.utoronto.ca/using-sources/documentation
https://www.sgs.utoronto.ca/resources-supports/gcac/
https://www.utsc.utoronto.ca/ctl/welcome-centre-teaching-and-learning

LATE WORK
All assignments are due in class at the specified time and date. Please see the information under the
Verification of Illness, in the case of illness or other special circumstances.

READINGS:

The required textbook for this course is:

Fundamentals of Ecological Modelling. 2001 (3" Edition). S.E. Jorgensen and G. Bendoricchio; Elsevier Science
Ltd: 530 pp.

Specific readings will also be given out during the lecture and/or practical sessions.

FINAL EXAM DATE
The final exam (oral presentation a modelling project, no written exam) will be
2021 (Tentative).

il 11" Monday,
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