
Lecture will start at 9:30



Assignments reminder

Keep doing your PMIRO+Q 

Would be nice if you did the mid-term course evaluation

Your third coding assignment is due Friday, March 15th by 11:59pm.

Your project description will be due April 4th (8am) 



Climate Change in the News



Lecture

Climate Change content: finances

Machine learning content: recommender systems, genetic algorithms

Project Assignment 



Addressing climate change takes money

Some methods of reducing 
GHGs are actually financially 
beneficial immediately (such as 
increasing energy efficiency), 
but others will cost a significant 
amount of money upfront. 



But the effects of climate change are even more expensive

$2.2 trillion in losses since 1980 for the US

And over the next 50 
years, nearly 900,000 jobs 
could disappear each year 
due to climate damage

https://e2.org/reports/cost-of-climate-change/ 

https://e2.org/reports/cost-of-climate-change/


Where should that money come from?

Free Market

Corporations

Carbon Tax

Carbon Credits/Offsets



Free Market

Consumers “vote with their wallet” and choose to buy sustainable options rather 
than products associated with high emissions



Will consumers make sustainable choices?

Some research suggests they might

https://theroundup.org/environmentally-conscious-consumer-statistics/ 

https://theroundup.org/environmentally-conscious-consumer-statistics/


Can we leave it to the consumer to fund our climate 
change response?

Probably not, due to....



Can we leave it to the consumer to fund our climate 
change response?

Probably not, due to....



Can we leave it to the consumer to fund our climate 
change response?

Probably not, due to....

The need to fund collective 
infrastructure projects



People believe fossil fuel companies should pay

Respondents in every country surveyed 
were united against increasing costs to 
taxpayers or consumers. In the U.S., 15 
percent of adults said climate change costs 
should be borne by consumers through 
higher prices. Eighteen percent said 
taxpayers should pay a lot of the cost.

A POLITICO Morning Consult Global 
Sustainability Poll asked people in 13 
countries who should pay — 
governments, taxpayers, consumers, 
other countries, or the private sector. In 
every country but one — India — 
respondents singled out companies.

https://www.politico.com/news/2022/02/09/climate-change-expensive-who-should-pay-00005198 

https://www.politico.com/news/2022/02/09/climate-change-expensive-who-should-pay-00005198


Taking oil companies to court to pay for climate change



Carbon tax

According to the EPA, tax-based 
regulatory systems provide incentives 
for polluters to find cost-effective 
solutions to emissions control. 

Firms will either pay the tax or, if it is 
cheaper, they will reduce emissions to 
avoid the tax.



Offsets and carbon credits

http://www.youtube.com/watch?v=b1xHUwszumw


Blockchain-based carbon credit tracking

The blockchain creates a public ledger 
that can be used to verify that an entity 
has bought or sold carbon credits. 

Most blockchains run on “proof of work”

This is a problem because...



Proof of Work is a huge waste of energy



Crypto mining requires way too much energy

Any one proposing a 
blockchain-based carbon 
credit system or crypto-funded 
climate company will need to 
address energy issues

https://www.whitehouse.gov/wp-content/uploads/2022/09/09-2022-Crypto-Assets-and-Climate-Report.pdf 

https://www.whitehouse.gov/wp-content/uploads/2022/09/09-2022-Crypto-Assets-and-Climate-Report.pdf


Crypto mining and the popularization of AI are driving up 
energy use in unprecedented ways



Machine Learning requires energy 

Very large models (like ChatGPT) can use an 
enormous amount of energy for training.

*This week’s paper explicitly measures their 
compute-related emissions



How can we get people to switch to better products?

Build a recommender system

A system or algorithm that recommends products or posts to a user based on 
knowledge of that user. These algorithms can be built in many different ways 

A good recommender system might help people switch to more eco-friendly 
products 



Recommendation problems can be complex

We don’t want to recommend just any eco-friendly products. We want to 
recommend products that:

Aren’t too expensive

Are similar to what a person normally wants

Lower emissions without other side effects like increased water use

Etc.  

One way to say this: we have multiple objectives



How can we write a loss function when we have multiple 
objectives?

Lecture 2:



How can we write a loss function when we have multiple 
objectives?
One option: “scalarization” 

I.e., turn the multiple objectives into a single scalar value by computing a weighted 
sum of them.

E.g.,

   Total Loss = a*CO2_term + b*Cost_term + ....

Pros: can treat it like a normal loss/optimization function

Cons: need to decide on the weights



How can we write a loss function when we have multiple 
objectives?
But why does the loss function need to be a single function anyway?

For backpropagation, we need a single differentiable function

Lecture 2:



Evolutionary/Genetic Algorithms

http://www.youtube.com/watch?v=ziMHaGQJuSI


Evolutionary/Genetic Algorithms

https://www.generativedesign.org

Where does something 
like a loss function go?

In evolutionary algorithms, each 
individual needs to be evaluated 
according to a “fitness” function, and 
those that fall below a fitness threshold 
don’t get to be part of the next 
generation (‘selection’).

This fitness function can be anything we like!

Or “crossover”



What kind of fitness function and selection problem can we 
use for multi-objective problems?
1. Represent fitness as an objective vector (e.g. [CO2_term, cost_term, ...]
2. Apply “non-dominated sorting”
3. Select the solutions on the “Pareto Front”

I.e., get the 
solutions that 
are the best 
you can do 
for one term 
without 
sacrificing the 
others

http://www.youtube.com/watch?v=SL-u_7hIqjA&t=21


The pareto front is the result of trade-offs in the various 
objective terms 

CO2_term

co
st

_t
er

m
“Impossible” 
ground ‘beef’

Ground beef

Ground 
turkey

Filet 
Mignon

Trying to 
minimize:



NSGA-II

https://www.generativedesign.org

Calculate performance according to 
each of the multiple objective terms

Or “crossover”

Identify solutions on the 
pareto front

Let solutions on or near the 
pareto front move on to the 
next generation



https://www.generativedesign.org

Or “crossover”

These things 
can be done 
randomly



Random pairing and mutation

Randomly pair two solutions that survived the selection phase. Take some of the features from 
one and some from the other - this makes a new individual (crossover/reproduction). Randomly 
change some of the features of this individual (mutation) before evaluating it



https://www.generativedesign.org

Or “crossover”

These things 
can be done 
randomly

...or we can 
get fancy 
about it



https://www.generativedesign.org

Or “crossover”

G3A: Gradient Guided Genetic Algorithms

Train a neural 
network to do this

Train a neural 
network to do this

Don’t worry about 
the details of this!

(it’s mostly just a 
bunch of tricks to 
be able to do 
backpropagation 
here)



For your reading:

MO-NES is another modified evolutionary algorithm, don’t worry about how it 
works.

In this work, we are trying to find the best ‘basket’ - which is the set of all items a 
household buys in a week (so solutions are evaluated based on everything in the 
basket)

There are more details that may be helpful in the appendix



Project Plan Assignment

Each member of your team should submit the same document to Brightspace by 
8:00am on April 4th.

The document should include:

Your team name 

The names of all team members

A summary of your project plan (details on next slide)

A statement verifying that you have downloaded, opened, and explored the 
dataset you plan to use

I will provide feedback about your plan the day after it is due



Project Plan Assignment 

Summary: Do a modified PMIRO for your own research.

State the problem you will try to solve and how it relates to climate change. 
Describe the methods you will try on the problem and why they are appropriate 
for the data you have chosen (include the specific data you will be working with). 
State how your planned work is substantial enough for the project. Describe how 
you will evaluate the model for your results. Discuss issues you anticipate 
encountering (will a lot of data cleaning be required, will you need to do a lot of 
hyperparameter testing, are you working with something you’ve never used 
before, etc).   



If you do not have a team of *four* members...

Try to form one.

(Use the class slack, e.g.)

If by March 20th you still do not have a team of four, email me. 


