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Today’s Presentation

NYU’s Sustainable Engineering 
Initiative

UN Definition of Sustainability

Meeting the needs of the present without 
compromising the ability of future 

generations to meet their own needs.

Modeling Sustainability

with ODEs

What we are doing.

 Summary of Our Results

   Open Discussion & Suggestions
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The Sustainable Engineering Initiative in Two Paragraphs

The Sustainable Engineering Initiative is a response to the reality that there 
are no formal requirements at NYU Tandon for our upcoming engineers to 
learn about sustainability and climate change in relation to their profession.

Design an educational framework so 
our engineers will understand:

1.    The meaning of sustainability

2. The causes and impacts of climate 
change & environmental pollution

3. How to apply the principles of 
sustainable engineering to their work
Sustainable Engineering 
Initiative

Our Road Map

1.  Integrate sustainable engineering 
concepts into discipline-specific courses

2. Introduce sustainable engineering 
principles through our core curriculum

3. Connect students to career 
opportunities in sustainable engineering 
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Current 
Courses

Working with 
The 

Sustainability 
Initiative

● Calculus 1  Worksheets & Projects 
comparing volcanic CO2 emissions 
with those of humans.

● Calculus 2 Worksheets  First Order 
Linear DE models comparing various 
sequestration options in relation to a 
Carbon Budget,

● Linear Algebra & Differential 
Equations (Topic of this presentation)

● Physics 
● Introduction to Engineering & Design
● The Advanced College Essay
● Math Modeling Seminar
● Proposed Elective



Integrating Sustainable Engineering 
Concepts into Discipline Specific 
Courses.

Sustainability Modeling 
with ODEs 02



“

7

~

Since Newton, humankind has come to realize that 
the laws of physics (and nature) are always 
expressed in the language of differential equations.

~Steven Strogatz

Motivation: 
● Build student engagement & skills
●  Demonstrate that Mathematics is crucial for 

Engineering solutions.
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Modeling 
Sustainability with 

ODEs
In 

MA2034

Differential Equations 
with Linear Algebra

Too Much to cover, too little time

Our engineering student have a very heavy 
schedule & ABET accreditation constraints

● One Semester, 4 credit Course
●  Sophomore Engineering Students
● Prerequisite for  20+ Courses
● First Order DEs, Slope Fields, 
● Higher Order Linear ODEs
● Linear Algebra:  Gauss-Jordan 

Elimination, Matrix Algebra, Linear 
Independence, Vector Spaces, 
Linear Transformations, Bases,

● Eigenvalues and Vectors
● Non-Linear Systems:Predator-Prey
● Systems of First Order Linear DEs
● Laplace Transforms
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Building Student 
Engagement & 

Skills
In the Context of
the Real World 

Models

 DE Modeling Resources:

● Simiodes:
Scenarios & Textbook 

● Scudem Challenge
● Slopes App by Tim Lucas
● Blanchard, Devaney & 

Hall’s Differential 
Equations
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Considerations:
Not all faculty members are comfortable 
teaching material outside their field of 
expertise.

Adjunct workload & involvement

Manageable learning curve

Not favoring one discipline over others
(This is not a course on Climate Change or 
Sustainability)

Student engagement with topics of 
Climate Change & Sustainability is tricky: 
Topics must be specific & in context.

We wanted interesting specific  modeling 
centered case studies that could convey 
the foundational mathematical concepts 
in the context of real world examples.

 Topics We Chose:

● Working with 
Parameters

● Nonlinearity & 
Parameter Sensitivity

● Bifurcation
● Hysteresis
● Unintended 

Consequences
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Semester Road Map
● First Order DE autonomous  (Population, Logistic, Mixing, Newton’s 

law of Heating and Cooling)
● Worksheet (Project) Logistic with modifications, Constant & 

Proportional Harvesting, Introduce bifurcation, working with 
parameters, stability of equilibrium Solutions,  hysteresis

● Worksheet Simple Harmonic Motion and Resonance
●  Worksheet Linear Algebra
● Worksheet Nonlinear Models, Predator Prey

Revisit with systems what we did with Logistic Model, interpreting 
and modifying the models. Changing parameters and equilibrium 
solutions.

● Worksheet(Project) First Order Linear Systems
Revisit working with parameters, bifurcation, Simple Harmonic 
Motion and Resonance in the context of linear systems.
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Non-Linear
First Order
● Modified Logistic

Constant Harvesting: 
Bifurcation-Fishery 
Collapse, Working with 
parameters, equilibrium 
solutions, hysteresis

First Order Linear Systems
● Predator-Prey
● Working with parameters
● Parameter sensitivity
● Modified Predator Prey
● Pesticide Problem
● Unintended 

Consequences

Linear DEs

Second Order Linear Nonhomogeneous

● Simple Harmonic Motion, Resonance

First Order Linear Systems

Carbon Budget & Simple Harmonic  
Motion

● Working with parameters
● Interpreting Solutions 
● Bifurcation

Two Examples
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 Slopes: Powerful, Fun Popular App

SLOPES APP

 by Tim Lucas
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Summary

Questions & Discussion

Suggestions

Part Three 03



● Summary of Results
●  ·       Increased student  & faculty engagement,
●        Students &  faculty find the Slopes App fun and easy to use.

·      Deepened student understanding of course material  making
       connections between topics by using different learning modalities.
I· Created a framework for working with sustainability topics.

        I· Required A LOT of extra support such as extra Q & A  sessions,
Video tutorials, Totally worth it! 

·       The Slopes App does not have much documentation (that I am aware of).
·       Created a community of practice & interest among faculty, 
       Other faculty are incorporating these topics into their courses.
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Big Thanks To:
NYU Sustainability Initiative Team

Ingrid J. Paredes, Vikram Duvvuri, Amakoe Gbedemah, Miguel 

Modestino, Abby Rabinowitz, Andrea Silverman

And to  Brian Winkel for all his work with  
Simiode, Scudem and his consistent & kind & 
patient support over the years. 
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Questions?
Suggestions?

Interested in 
Collaborating?

vwagenen@nyu.edu
Math Modeling Seminar
Students looking at SLOPES App on 
screen, telling the instructor in real 
time how to modify Newton’s Law of 
Cooling for various scenarios.

mailto:vwagenen@nyu.edu

