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American Airlines  is using AI to 
reduce global warming from airline 
contrails.
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THE CHALLENGE

55.9%
CO2 emissions

35.3%
contrails

8.8%
NOx

American Airlines — Challenge

Source: Lee et al, MTC02e (GWP), 2021.
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American Airlines flew 70 demonstration flights which used 
Google’s AI predictions to avoid creating contrails.

American Airlines — Challenge
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54% 
reduction in 

contrails across the 
American Airlines 

demonstration flights. 

$5-25
per ton/CO2 equivalent

to avoid contrails at 
scale, suggested 
from live flights.

+0.3%
fuel usage predicted 
across an airline fleet 
that avoids contrails.

American Airlines — Impact
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American Airlines — What’s next

Google is partnering 
with Eurocontrol

to provide aircraft flying 
through European airspace 
with information about how 

to avoid contrails.
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THE FUTURE

Project Contrails (2-Minute Explainer)

Watch a longer story about this research at: https://www.youtube.com/watch?v=xBkK7olwjx0
Read more about this research at: https://g.co/research/contrails

Weather images at 0:54 courtesy of https://windy.com
Satellite images from 0:57 - 1:00 and 1:27 - 1:29 courtesy of Landsat.

Research papers:
Sridhar, Banavar  Ng, Hok  Chen, Neil. (2011). Aircraft Trajectory Optimization and Contrails Avoidance in the Presence of Winds. Journal of Guidance, Control, and Dynamics. 34. 10.2514/1.53378. 

Meijer, Vincent R, Kulik, Luke, Eastham, Sebastian D, Allroggen, Florian, Speth,
Raymond L et al. 2022. "Contrail coverage over the United States before and during the
COVID-19 pandemic." Environmental Research Letters, 17 (3).

Meerkötter, R.  Schumann, Ulrich  Dölling, D.R.  Minnis, Patrick  Nakajima, Takakau  Tsushima, Y.. (1999). Radiative Forcing by Contrails. Annales Geophysicae. 17. 1080-1094. 10.1007/s00585-999-1080-7. 

Adapted with permission from Mitigating the Climate Forcing of Aircraft Contrails by Small-Scale Diversions and Technology Adoption. Roger Teoh, Ulrich Schumann, Arnab Majumdar, and Marc E. J. Stettler. Environmental Science  Technology 2020 54 (5), 2941-2950, DOI: 10.1021/acs.est.9b05608

Teoh, R., Schumann, U., Gryspeerdt, E., Shapiro, M., Molloy, J., Koudis, G., Voigt, C., and Stettler, M. E. J.: Aviation contrail climate effects in the North Atlantic from 2016 to 2021, Atmos. Chem. Phys., 22, 10919–10935, https://doi.org/10.5194/acp-22-10919-2022, 2022.

Research papers licensed under CC BY 4.0. https://creativecommons.org/licenses/by/4.0/

http://www.youtube.com/watch?v=bS03fvnWm_8
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Mineral  is unlocking sustainable ways 
to feed the world’s population with AI.  
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In order to feed the world’s 
growing population,
the global agricultural 

sector will need to produce 
more food in the next 
50 years than it has in 
the previous 10,000.

Mineral — Challenge
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Mineral — Solution

Mineral is using AI to gain a deeper understanding of plant 
and crop physiology, then using these insights to build 

a more sustainable food production system.
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800M
plant images

gathered and organised.

120+
plant characteristics 

modelled.

10%
of global farmland  

analysed by Mineral.

Mineral — Impact



INTERNAL. This information is accessible to ADB Management and Staff. It may be shared outside ADB with appropriate permission.

Introducing the Mineral rover

Project Mineral is using breakthroughs in artificial intelligence, sensors, and robotics to find ways to grow more food, more sustainably. Learn more at: x.company/projects/mineral/

http://www.youtube.com/watch?v=lmxrRps7DnI
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Project Green Light  is using AI 
to reduce stop-and-go traffic and 
cut emissions in cities.  
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29X 
higher emissions

at city intersections 
than on open roads.

Project Green Light — Impact

Many cities rely on 
expensive sensors or time-
consuming manual vehicle 

counts to get the data traffic 
engineers need to optimise 

traffic lights.

Source: Environmental Science: Processes & Impacts, Concentration dynamics of coarse and fine particulate matter at and 
around signalised traffic intersections, 2016.
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Green Light, a Google Research initiative, uses AI and 
Google Maps driving trends to model traffic patterns, helping 
reduce stop-and-go traffic and improve traffic flow in cities.

Project Green Light — Solution
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70 
intersections in 

14 cities globally trialling 
Project Green Light.

Up to

10%
reduction in emissions
and 30% reduction in 
stops at intersections*.

Project Green Light — Impact

Up to

30M
car rides monthly

saving fuel and lowering 
emissions at intersections.
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Can Google AI help cities reduce traffic emissions?

Stop-and-go traffic in urban areas causes 29 times more emissions than on open roads. Researchers at Google are partnering with cities around the globe, from Rio to Jakarta, using Google AI and Maps driving trends to optimize traffic light patterns and improve traffic flow. So far, local governments have saved fuel and lowered emissions for nearly 30 million car rides every month. Learn more about this research at: https://g.co/research/greenlight

If you are a city representative or traffic engineer and are interested in joining the waiting list, please complete this form: https://docs.google.com/forms/d/e/1FAIpQLSfzGrpILT0cUvHitteG2ssb-brz1plWz7jMIoKGzo7X27QsfQ/viewform

Subscribe to our Channel: https://www.youtube.com/google 
Tweet with us on Twitter: https://twitter.com/google 
Follow us on Instagram: https://www.instagram.com/google 
Join us on Facebook: https://www.facebook.com/Google

http://www.youtube.com/watch?v=T6c_NdpbUvE
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Flood Hub  uses AI to predict flooding 
and help keep people safe.
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250M
people globally 
are affected by 

flooding each year.

$10B
economic damage

caused annually 
by flooding.

4 in 10
people exposed 

to flooding are living 
in poverty globally. 

Flood Hub — Challenge

Source: Nature communication Flood exposure and poverty in 188 countries; 
Statista Economic damage due to coastal flooding in the European Union

https://www.nature.com/articles/s41467-022-30727-4
https://www.statista.com/statistics/1340429/economic-damage-due-to-coastal-floods-by-scenario-eu/
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Flood Hub — Solution

Flood Hub uses two combined 
AI models to provide exceptional 
forecasting accuracy. 
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Flood Hub — Impact

Flood Hub covers river basins across 
80 countries worldwide, providing critical 
flood forecasting to over 1,800 sites and 
a population of 460 million people.
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Flood Hub’s technology 
is scalable. Our goal is to 
cover all areas affected 

by floods globally. 

Flood Hub — What’s next
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