
Tracking Greenhouse Gas 
Emissions

Estimating and Controlling Transportation Emissions



Assignments

Brightspace discussion question:

“Which do you think plays a bigger role in driving greenhouse gas reductions: 
government or companies? Why?”

Due this Friday by 5pm. 

Second programming assignment on predicting building energy use

Due Friday the 17th by midnight. 



Climate change in the news



Climate change in the news



Recap



Transportation emissions make up 16% of global total



Breakdown of U.S. transport emissions

U.S. carbon emissions from transportation, 
2005 (Source: EIA, 2007b).

The largest sector contributing to 
transportation emissions is personal car use. 

Aviation is the worst per distance emitter. 



Breakdown of global transport emissions over time

“Average annual greenhouse gas emissions growth 
between 2010 and 2019 slowed compared to the previous 
decade in energy supply (from 2.3% to 1.0%) and industry 
(from 3.4% to 1.4%), but remained roughly constant at 
about 2% per year in the transport sector.” -IPCC



Transport emissions by country

The US is the biggest transportation emitter

Greenhouse gas emissions of the 
transportation sector worldwide in 2021, by 

select country (in million metric tons of 
carbon dioxide equivalent)

Worldwide; European Commission; 
EDGAR/JRC; Expert(s) (Crippa et al.); 2021



How are transportation emissions calculated?



How are transportation emissions calculated?

“In 1990, the Federal Clean Air Act was amended in an effort to greatly reduce air 
pollution. As a result, the Environmental Protection Agency devised a set of 
emissions standards to minimize the amount of hazardous air pollutants released 
by motor vehicles. This means your car may have to undergo periodic testing to 
ensure it’s within EPA standards and is limiting its negative impact on the 
environment.”

nationwide



How are transportation emissions calculated?

carthrottle.com

Urban cycle test:



How are transportation emissions calculated?

CBO

Bottom up method:



Getting more accurate data

http://www.youtube.com/watch?v=h-Et2SNvXlI


The need to reduce transportation emissions

IPCC projections for different warming scenarios 
show the need for a reduction in how much 
carbon is emitted by transportation methods.



Reducing emissions from transportation



Reducing emissions from transportation

● Reduce amount of miles traveled
● Convert from high emissions forms of travel to low (aviation or single-person 

driving to land transport and public transportation)
● Lower emissions of fossil fuel-burning vehicles
● Switch to electric vehicles (with clean power grids)



E-bikes and scooters as alternatives to cars



E-bikes and scooters as alternatives to walking...



Increasing fuel efficiency: car size

FHA



Electric vehicles

What are the reasons to 
want a hybrid instead of fully 

electric vehicle? 

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


Electric vehicle adoption



Life Cycle Analysis (LCA)

Life Cycle Analysis refers to the process calculating emissions for a product based 
on the full supply, production, and disposal chain.



Life Cycle Analysis of Electric vs Gas Cars



Opportunities for ML to measure and reduce transportation 
emissions



Opportunities for ML to measure and reduce transportation 
emissions
Increasing accuracy of emissions 
inventories



Opportunities for ML to measure and reduce transportation 
emissions
Making routes more efficient, given other constraints



Opportunities for ML to measure and reduce transportation 
emissions



Opportunities for ML to measure and reduce transportation 
emissions
How to optimize transport systems for cost and sustainability

https://www.mdpi.com/2071-1050/13/3/1551



Opportunities for ML to measure and reduce transportation 
emissions
EV charging modeling

https://ieeexplore.ieee.org/abstract/document/9194702



Opportunities for ML to measure and reduce transportation 
emissions
Design of EV charging infrastructure



Opportunities for ML to measure and reduce transportation 
emissions
Optimal ship design and usage

https://www.sciencedirect.com/science/article/pii/S0029801822021904



Paper Deep Dive

Aim: predict the bottom-up calculated emissions value by using various indirect sources 



Brainstorm

What kind of data would you want to have to be able to approach this problem?

What kind of methods would you apply?

How would you measure success?

If successful, how could this system be useful?



Motivation

Want to be able to apply the same 
estimation method globally, even 
where on-the-ground transportation 
data doesn’t exist.



Motivation

Measuring emissions from cars 
directly is hard, so try some 
“indirect” methods



Data

Bottom-up inventories

Estimated based on 5 vehicle types



Data

Satellite images



Data

Road maps



Data

CO2 estimates from remote or ground sensing



Data

Estimate population from satellite imagery



Data problem!

Different sources of data have different spatial and temporal resolution.

For example, satellite images here have 10m resolution, while emissions data is 
reported a 1km resolution. Some data sources sample every 16 days, others 
every month, etc.

Need to interpolate and/or average to get all data on same scale. 



Data partitioned into training and test/validation sets



Method

Neural Network! Want to put in 
image data and output an image 
where each pixel represents CO2 
emissions from that location.

U-Net



Methods summary



Evaluation

Tested several versions of the model trained with different combinations of data 
sources

root mean square logarithmic error (RMSLE)

 

mean absolute percentage error (MAPE)



Results



Results

No strong winner amongst the different architectures



Results

Satellite image and road maps alone get best 
absolute error. Need carbon info for lower relative 

error.



Results

Mismatched resolution makes evaluation 
hard!! 

“By calculating error in a pixel-wise fashion, the model is penalized for 
learning fine-grained structure. In other words, if the model cor-
rectly estimates low emissions from nearby farmland, it will
be penalized due to the fact that our ground truth contains
large emissions values in that area.”



Conclusions



Further Resources

The geography of metropolitan carbon footprints: 
https://academic.oup.com/policyandsociety/article/27/4/285/6420857

IPCC recommendations for the transport sector (section 11): 
https://www.carbonbrief.org/in-depth-qa-the-ipccs-sixth-assessment-on-how-to-tac
kle-climate-change/ 

Electric vehicle factbook: 
https://assets.bbhub.io/professional/sites/24/2022-COP27-ZEV-Transition_Factbo
ok.pdf   

https://academic.oup.com/policyandsociety/article/27/4/285/6420857
https://www.carbonbrief.org/in-depth-qa-the-ipccs-sixth-assessment-on-how-to-tackle-climate-change/
https://www.carbonbrief.org/in-depth-qa-the-ipccs-sixth-assessment-on-how-to-tackle-climate-change/
https://assets.bbhub.io/professional/sites/24/2022-COP27-ZEV-Transition_Factbook.pdf
https://assets.bbhub.io/professional/sites/24/2022-COP27-ZEV-Transition_Factbook.pdf


Summary


