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Course Information

Instructor

Stefano Ermon

ermon@cs.Stanford.edu

Office Location: 228 Gates Hall

There will also be several guest lectures

Lectures: Tuesdays and Thursdays - 10:30 ï11:50

No Textbook

Website: http://cs.stanford.edu/~ermon/cs325/
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Computational Sustainability:

Goals and Topics

1. Introduce students to sustainability notions, concepts, and challenges

2. Introduce students to computational models and algorithms, in the context of 

sustainability topics.

Sustainability topics:

Sustainable development, renewable resources, biodiversity and 

wildlife conservation, poverty mitigation, energy, transportation, 

and climate change. 

Computational topics:

Machine learning (e.g., supervised and unsupervised learning), decision

and optimization problems (e.g., linear and integer programming, 

dynamic programming), sequential decision making under uncertainty 

(markov decision processes), networks (e.g., graphs and network 

algorithms) 



Background

Á How many have taken an intro to Artificial Intelligence class (CS 221)?

Á How many are familiar with Machine Learning (e.g., have taken CS 229 or 

CS 228)?

Á How many are familiar with optimization problems (e.g., convex 

optimization)?

Á How would you rate your programming skills? Beginner / Average / Good

Á Prerequisites: familiar with mathematical modeling, algebra, calculus, 

probability theory etc. Basic programming skills.



Coursework and Grading
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Á Coursework and grading (tentative)

ïProject (60%): proposal and final report. You are free to do something 

related to your research. Students can choose to work on their own or in 

a small team. Interdisciplinary teams encouraged!

ïReaction paper (20%): critically summarize a sustainability-related 

problem and published solution approaches. Itôs a good idea to use to 

use the reaction paper as background research for the project. 

ïPresentation (20%): present 1) a paper concerning a computational 

approach to a sustainability topic, 2) a sustainability domain and its open 

challenges where computation can play a role, or 3) a computational 

technique, model or tool that can be used to address sustainability-

related problems. More details on the logistics to come.

ïClass participation (up to extra 10%)



What is Computational Sustainability?

A new field of research that aims to develop computational methods to help 

solve some of the pressing challenges concerning sustainability.
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Balancing Environmental &

Socioeconomic Needs

Dynamical 
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Simulation
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Optimization

CompSustNet

Simulation

Dynamical Models

Optimization
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Systems

Citizen Science

Big Data

Machine Learning

Core sustainability themes: 

(1) Biodiversity and Conservation,

(2) Balancing Environmental  and 

Socio-economic Needs, and

(3) Energy and Renewable Resources. 

7

Research Themes

Main computational thrusts:

(1) Big data and Machine Learning, 

(2) Constraint Reasoning, Optimization, 

Dynamic Control, and Simulation

(3) Multi-Agent Systems and  Citizen Science. 



Examples of Computational Sustainability projects
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I - Biodiversity and Species Distributions

Biodiversity or biological diversity 

Degree of variety of life  forms within a given species,  

ecosystem, or an entire planet.
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Fundamental question in 

biodiversity research:

How different species 

are distributed

across landscapes over time.
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eBird: Citizen Science at

the Cornell Lab. Of Ornithology

The Citizen Science project at the Lab of Ornithology at Cornell  

empowers everyone interested in birds  to contribute

to  research by submitting bird observations to the eBird webportal.

Á Increase scientific knowledge

Gather meaningful data to answer large-scale 
research questions

Á Increase conservation action

Apply results to science-based conservation 
efforts

Á Increase scientific literacy

Enable participants to experience the 
process of scientific investigation and 
develop problem-solving skills 



Bird Distributions 

Machine Learning and Citizen Science

Adaptive Spatio-Temporal   
Machine Learning 

Models and Algorithms

Relate environmental predictors to 

observed patterns of occurrences 

and absences

Land Cover

Weather

Remote Sensing
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Patterns of occurrence of the Barn Swallow for different 
months of the year Source: Daniel Fink

80,000+ 

CPU Hours

(~ 10  Years!!!)

eBird
Citizen Science 

150,000+
volunteer 
birders

200,000,000+
bird 

observations

~1,500,000
hours of field work 

(170+years)

Bird Observations
State of the Birds Report

(officially released by Secretary of Interior) 

1st Time
IŜƳƛǎǇƘŜǊŜ {ŎŀƭŜ .ƛǊŘ 5ƛǎǘǊƛōǳǘƛƻƴ aƻŘŜƭǎΣ  wŜǾŜŀƭƛƴƎΣ ŀǘ ŀ ŦƛƴŜ ǊŜǎƻƭǳǘƛƻƴΣ  {ǇŜŎƛŜǎΩ Iŀōƛǘŀǘ tǊŜŦŜǊŜƴŎŜǎ

Distribution 

Models for  

400+ species with 

weekly  estimates 

at  fine spatial 

resolution

(3km2)

Novel Approaches 

To Conservation

Based on eBird Models



How to Engage Citizen Scientists?

Bird-Watcher Assistant

Xue et. al., HumComp 2013



Recommending  Interesting sites to Birders Within a Region

Suggesting interesting birding places

ï Optimization problem:

Objective function: maximize # of different species seen

Constraint on the # of sites to visit

More species to observe compared with expertsô 
suggestions

Find Best Places to visit

Secondary criterion: Bird-Watcher Assistant 

suggests places which are not frequently visited 

previously, but are potentially interesting.


