
Tracking greenhouse gas 
emissions

Estimating and measuring emissions



Climate change in the news



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. 



Climate change in the news



Climate change in the news



Summary



Greenhouse gases



Measuring different GHGs

Different greenhouse gases have different “global warming potential”. To account 
for this, total emissions are usually measured in “CO2-equivalents” 

climatescience.org

*water vapor 
has a 

timescale of 
only 9 days

Chemical structure determines the absorption 
properties of gases

wavelength



Annual GHG emissions are increasing

But how do we measure this accurately? And why does it matter?



How can we measure the GHG emissions from all these 
different sources?



“Bottom-up” Approach

e.g.

      100 tonnes of steel produced                   times                  1.85 metric tons CO2 per tonne of steel   =   185 tons CO2

Amount of certain activity 
done or material 

produced

Average amount of 
emissions expected from 

that activity/production
multiplied by

Full calculations: https://www.pca.state.mn.us/business-with-us/greenhouse-gas-emissions-calculations



Includes sources and sinks

ACS:



International guidelines for the bottom up approach



IPCC guidelines for data difficulties 



IPCC guidelines for data difficulties 



“Top down” approach

● Measure emissions directly, rather than relying on estimates based on 
activities

● Recent technological shifts have made this more feasible, on a local and 
global scale



Spectroscopy
“To study the makeup of the atmosphere, scientists collect some air in a container and then shine what looks like a laser through the 
sample. When measuring the heat-trapping greenhouse gases that are causing climate change, such as carbon dioxide and methane, 
the "laser's" beam is made of infrared light, which has a slightly longer wavelength than the visible light our eyes can see.

“The reason these are greenhouse gases is because they absorb infrared,” Kroll says, meaning they trap heat energy that would 
otherwise leave the Earth as infrared light. “And you can use that absorption to measure them.”

”

https://climate.mit.edu/ask-mit/how-are-gases-atmosphere-analyzed-and-measured

https://climate.mit.edu/ask-mit/how-do-greenhouse-gases-trap-heat-atmosphere


Remote Sensing

http://www.youtube.com/watch?v=F2mQ6fJSxRY


“Hyperspectral” satellites 

Collect data across many 
wavelengths, making it possible to 
do remote spectroscopy. 





Pros and Cons of Bottom up and Top Down
So which is better, bottom-up or top-down estimates?

● A bottom-up estimate can provide significant insight into the specific source of emissions and importantly what specific actions can be 

taken to reduce emissions.

● A top-down estimate can provide insight on unexpected and in many cases very significant leaks, which cannot be identified from a 

bottom-up approach.

● A bottom-up estimate is more likely to take into account long-term conditions and variations, rather than a top-down “snapshot” in time.

● A top-down estimate can give an accurate snapshot of emissions which might be missed by incorrect assumptions in a bottom-up 

approach.

processecology.com



Do both methods produce the same answer?

Generally, no.



Best methods will require a mix of both

● Knowing the emissions multiplier for different activities requires direct 
measurement at some point

● Remote sensing can help to measure activities even if it can’t always 
measure emissions directly 



ML opportunities in measuring emissions

Filling in gaps for bottom up estimates

https://pubs.acs.org/doi/full/10.1021/acssuschemeng.9b06522



ML opportunities in measuring emissions

Making bottom-up estimates more precise

https://pubs.acs.org/doi/full/10.1021/acssuschemeng.9b06522



ML opportunities in measuring emissions

Using novel data sources to estimate energy/activity



ML opportunities in measuring emissions

Analyzing satellite images to track activity and directly measure emissions



Paper Deep Dive

https://arxiv.org/pdf/2211.15429.pdf



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?





PRISMA satelitte 

● Launched on March 22nd, 2019 by the 
Italian Space Agency

● Hosts a high-resolution spectrometer and 
a camera

● Intended uses: topsoil measurements, 
mapping of raw materials, forest 
resources and ecosystem biodiversity 
assessment, agricultural crop monitoring, 
snow and ice surface property mapping 
and inland/coastal water quality 
assessment, etc. 

https://www.sciencedirect.com/science/article/pii/S0034425721002170

Looking in different spectral bands:



Methane detection

PRISMA has good shortwave infrared (1 to 2.5μm) coverage, which is where 
methane absorption is significant.

By knowing the radiative properties of methane, the concentration of it in the 
column of atmosphere between the satellite’s sensor and a pixel on the ground 
can be calculated. 



Methane plumes

● Large methane clouds released 
from a single source

● Come from oil and gas operations, 
landfills, etc. 

● Potent polluters and easier to 
detect and respond to than more 
diffuse sources

Methane plume over Lakhodair landfill in 
Lahore, Pakistan, spotted on July 1, 2021. , 
GHGSat/Bloomberg



Goal

● Do image segmentation to detect and determine the extent of a plume



Method

Vieira et al.

Artificial neural network that takes in an image of 
methane concentration and outputs a binary 
image of plume/not plume.



Method

VITAlab



Data problem!

PRISMA is new and hasn’t released very many images yet, especially ones that 
contain methane plumes. Deep neural networks need a lot of data to learn all 
their parameters! 

“Our study is based on 40 PRISMA images containing a total of 75 plumes of 
methane. This hardly describes the great diversity of plumes (i.e. size, intensity, 
morphology) and associated background (e.g. different levels of homogeneity, 
variable amount of noise, presence of clouds, roads, or buildings, types of 
terrain).”



Data problem!

Methane plumes can be diverse and other 
things in the atmosphere/ground can look like 
methane.

“We also observe the presence of false 
positives in the retrieval results. False 
positives are elements in the scene with a 
high response but do not correspond to 
higher XCH4 concentrations. False positives 
are caused by aerosols or heterogeneous 
surface properties with strong spectral 
signatures [15] similar to methane, such as 
hydrocarbon paints on buildings or roads, 
mountain ridges/slopes or sand dunes.”



Solutions

● Train on simulated data?

“Gaussian plume simulations rely on a simple 
modelling of gas dispersion, but the final plume 
has a relatively naive shape, not representative 
of complex spatial structures observed from 
space. To simulate more complex structures, 
Large Eddy Simulations (LES) rely on an 
accurate physical modelling of the atmospheric 
dispersion and turbulence to generate realistic 
plumes. But these models remain 
computationally expensive”



Solutions

● Train on plumes seen from a different (less good) satellite:

(essentially photoshop them onto regular 
PRISMA images)



Solutions

● Train a full model using data from another satellite, then train 
further on PRISMA images:

“Transfer” learning

Dan Rose AI



Evaluation

● Precision 
● Recall

F1-score



Evaluation

● Intersection Over Union (IoU)
● 1 is best

PyImageSearch



Results



Results

Using the photoshopped images was best!





Summary


