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Foreword
Greta Thunberg has inspired millions of people with 

her two main messages: (1) that climate change is 

on course now to cause the total extinction of the 

human species; and (2) that a full use of science 

DQG�WHFKQRORJ\�FDQ�PDNH�LW�SRVVLEOH�DQG�DRUGDEOH�

to slash that risk – but only if climate policy makers 

make massive changes, to make better use of the 

very most powerful science and technology. These 

changes have not happened yet, but machine 

learning could play a decisive role in saving the 

situation, if we reach out, build new partnerships 

and use the most advanced methods which our 

ȴHOG�DOORZV��

The year 2009 was the year when Obama tried to 

IXOȴOO�KLV�WZR�WRS�SURPLVHV��WR�JHW�D�QHZ�ELOO�SDVVHG�

to remake health care, and another to cut back 

climate change. In that year, I was the one PhD 

scientist from the National Science Foundation 

�16)��VHUYLQJ�LQ�WKH�SURIHVVLRQDO�VWD�FLUFOH�IRU�WKH�

Environment and Public Works Committee, which 

KDG�WKH�MRE�RI�FUHDWLQJ�WKH�ȴQDO�FOLPDWH�ELOO��ΖQ�WKDW�

year, I would not have believed that climate change 

is as serious as Greta has said, but I learned about 

some important questions which no one on that 

committee in either party (or in the IPCC group) 

knew how to answer. 

I spent years after that tracking down the best 

evidence which we now have on those questions. 

It is a long story, but the bottom line is this: we 

really are on a path now to the extinction of the 

human species by a mechanism called euxinia. 

(See YouTube video) Five to ten times in the past 

history of the earth, euxinia has become so bad 

that it caused mass extinction of many species of 

life, due to high levels of the poison H2S in the 

atmosphere and high levels of radiation due to the 

depletion it causes of ozone in the stratosphere. 

2Q�WKH�RWKHU�KDQG�� LI�ZH�IRFXV�OLNH�D� ODVHU�RQ�ȴYH 

very concrete technical challenges, each very 

GLHUHQW��ZH�KXPDQV�KDYH� WKH�SRZHU� WR�ZLSHRXW�

that risk at a cost much lower than the Obama bill 

or the COP25 ideas. These are shown in the slide 

below, taken from my 2019 talk on this challenge 

(See YouTube video)

https://www.youtube.com/watch?v=dvteE6smrF0
https://www.youtube.com/watch?v=sPccNVHRFIM
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1. Sectoral Bill: Cut net GHG in Electricity Generation

2. Sectoral Bill: Cut new GHG in Cars and Trucks

3. Agriculture Recycle $20-$40/ton CO2 fee to recycle 
CO2  From terra preta to happy cows

4. Geoengineering R&D for better options from 
aerosols to mirrors to...

5. New Basic R&D: Ocean options, Archaea, currents

5 POINT PLAN TO REDUCE THE WORST CLIMATE RISK

!

The system-wide optimization here emphasized 

Reinforcement Learning and Approximate 

Dynamic Programming (RLADP). (See the article in 

Encyclopedia of Systems and Control, Baillieul and 

Samad (eds), Springer 2020. Or see the Handbook 

of RLADP by Lewis and Liu.) Use of RLADP, trained 

by machine learning, and other new ways of 

using machine learning offer many new, unmet 

opportunities to fulfill these goals. See Werbos, 

Paul J. "AI intelligence for the grid 16 years later: 

progress, challenges and lessons for other 

sectors." 2018 International Joint Conference on 

Neural Networks (IJCNN). IEEE, 2018, www.werbos.

com/E/GridIOT.pdf, sponsored by the French 

electric power sector and Inria, with feedback 

received from many levels of IEEE USA.

The IEEE and the office I worked with in the 

Senate also studied how new technologies could 

massively improve efficiency and new emissions 

Eighty percent of US CO2 emissions come from 

electricity generation (in utilities and industry) 

and from transportation. 

In the years when I ran the NSF program in 

electric power research, and in the years when  

I worked with partners who ran that area, starting 

in the 1990’s, we explored what advanced forms 

of machine learning could do for that sector. 

Under Obama, the White House Smart Grid policy 

summarized the research we led as follows: 

NSF is currently supporting research to 

develop a 4th-generation, intelligent grid 

that would use intelligent, system-wide 

optimization to allow up to 80% of electricity to 

come from renewable sources and 80% of cars 

to be pluggable electric vehicles (PEV) without 

compromising reliability, and at minimum cost 

to the Nation (Werbos 2011). 

http://www.werbos.com/E/GridIOT.pdf
http://www.werbos.com/E/GridIOT.pdf
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in transportation. Machine learning was more of a 

junior partner in those technologies, but important 

applications have already been used in industry. 

See www.werbos.com/oil.htm for an analysis of 

Transportation fuel issues and opportunities by 

IEEE USA, and a bill which Senator Specter tried 

to get introduced. 

Given what is already started in those sectors,  

I now believe that point 3 – use of machine learning 

to support a radical leap forward in agriculture and 

related areas – is the biggest unmet opportunity to 

use machine learning in a new way, to achieve new 

results. The words “terra preta” and “happy cows” 

are flags to what I learned after 2009, beyond what 

EPW probed in depth, about a huge new unmet 

opportunity. This opportunity was foreshadowed 

by research in Europe and the US by people like 

Lovelock and Fuss on topics like biochar and new 

approaches to livestock management. Walter 

Steenbock and his many followers in Brazil have 

worked out a concrete, credible technical path 

to actually implement these kinds of ideas in  

a large-scale practical way. (scholar.google.com). 

This requires new networks for financing and 

management of agricultural enterprises. (scholar.

google.com) It is crucial to include new ways to 

finance rural communities, and to make sure 

that the new change in asset values (land values, 

per water and soil) are fully accounted for. This 

in turn requires new ways of using the internet, 

illustrated by another new slide (building on see 

YouTube video):

 
SUSTAINABLE INTELLIGENT INTERNET "SII#

Sustainable Intelligent Market Design (SIMaD), not 

needed yet for weapons of major military. 

��UHJLVWHU�RI�TXDOLȴHG�F\EHUFXUUHQFLHV

- register of prime entities, list of humans and  

  of orgs (apps?) by type

- SIMAD must have some of its OWN sensors,  

  actuators, and TRUTHFUL OPEN TRUSTED  

  information networks, including U and J, responsive  

  as possible to noosphere 

- rules and templates for member entities, by  

  type (e.g. benevolent corporations, agents of  

  outside organization, associations)

Upper Foundation: Unbreakable Operating Systems  

(SE Linux Like) to protect from many big adversaries 

who got the NSA leaks, IN ADDITION to Bromium etc. 

Advanced hardened hardware platform, from 

PHPULVWLYH�WR�ȴIWK�JHQHUDWLRQ�TXDQWXP�WHFKQRORJ\�

(QuIST plus) Analog, time, optimizing. 

Sustainable WEApons Platform (SWeaP) 

- PARALLER activity for now

- SIMaD could be used, but for now less restrictions  

  on entitles seem doable

- Should be open enough that there is hope of a     

  US/China treaty getting both top minitaries (at least 

  autonomous weapons systems requiring AGI)  

  into a common system. A TREATY CHALLENGE! 

- Reduce chances of accidental war or attacks by 

  OTHER parties  who should also be invited to join. 

http://www.werbos.com/oil.htm
https://scholar.google.com.br/citations?user=s4SkxPEAAAAJ&amp;hl=pt-BR
https://scholar.google.com.br/citations?user=s4SkxPEAAAAJ&amp;hl=pt-BR
https://scholar.google.com.br/citations?user=s4SkxPEAAAAJ&amp;hl=pt-BR
https://www.youtube.com/watch?v=6togqN9Cvt4
https://www.youtube.com/watch?v=6togqN9Cvt4
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The key idea here is to use RLADP in the general 

design (system and templates) for use in 

management of a wide variety of organizations 

to participate in these markets. Extensions of 

Etherium are already of great interest to these 

communities, but a sustainable intelligent market 

design which provides better general machine 

learning tools would be far more reliable and 

usable here. The problems already emerging 

on the internet are already more serious than 

climate change, in my view, but the same new 

design efforts which would help here would help 

in point 3 of climate change as well.

After point 3, point 5 on my figure – better 

scientific understanding of the risk of euxinia and 

other large climate risks – is perhaps the second 

biggest opportunity for totally new and important 

directions in coping with climate change. It would 

help to know exactly what to look for, and when, 

especially as ocean chemistry and current change 

and vast arrays of small distributed robotic 

sensors are called for. 

This report is a great step forward in moving us 

to address these challenges more directly, by 

growing new connections between the areas of 

technology which need to work together more 

effectively, and connections to the entrepreneurs 

and policy makers who could bring these solutions 

to reality. The technologies of advanced data 

science and reinforcement learning offer us a way 

to integrate these pieces effectively, both in our 

thinking and in the physical systems which the 

new internet can help us manage. The process 

of growing new connections has only just begun, 

and here are many gaps we can now see – but 

seeing them clearly is the first step we need, in 

order to build what we need to build in order to 

survive at all as a species. 
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Executive Summary
Artificial intelligence has been getting a bad rap in 

popular culture for decades, from HAL in 2001: A 

Space Odyssey to Skynet in the Terminator series 

to the sociopathic robots, so often presented as 

female, in movies like Ex Machina. But as with so 

much of entertainment, the actual progress and 

value of new technologies is lost in sensationalist 

story telling, as delightful and well-produced as so 

many of them are.

Actual artificial intelligence is much more limited, 

focussed and usually much more positive than what 

LV� SRUWUD\HG�� 7KH� VXEVHW� RI� DUWLȴFLDO� LQWHOOLJHQFH�

known as machine learning is proving to be an 

essential part of our toolkit for understanding and 

dealing with one of the most challenging issues 

we’ve faced as humans: climate change.

Our environment and the climate is incredibly 

complex, with massive data sets that often make it 

difficult to find important signals among the noise. 

Our technological solutions are also complex, 

with complex information requiring unwavering 

attention to deliver value. And the solutions are 

being born into a changing world, one where 

the developed nations can no longer easily and 

cheaply outsource unwavering attention and 

diligence to poorly paid humans on the other side 

of the planet, as those nations have developed 

themselves and are rejecting the roles that they 

once embraced out of necessity.

Machine learning has created much more accurate 

coastal elevation maps, allowing the fractal 

coastlines surrounding our inhabited continents 

and islands to be better assessed for climate risk. 

ΖWȇV�LPSURYLQJ�HɝFLHQF\�DQG�VDIHW\�RI�RXU�FDUV�DQG�

trucks. It’s separating waste streams into high-

value and disposable elements with high accuracy. 

ΖWȇV� LPSURYLQJ� HɝFLHQW� HQJDJHPHQW� ZLWK� HQHUJ\�

markets by renewable and storage initiatives. It’s 

improving the quality of the water we use daily. 

Machine learning experts have issued a call to 

arms for machine learning climate action with an 

organizing structure and initial assessment of where 

the technologies and techniques are best applied.

This report introduces the basics of machine 

learning’s key concepts, explores global case 

studies of its application to research and clean 

technologies and outlines areas where it’s been 

rejected or failed to help understand its limits. In 

many cases, it also draws a pragmatic perspective 

on the value of the results, as there are many 

cases where what is discovered to be possible is 

not magically made probable.

1.
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Researchers considering applying machine 

learning to their climate or technology projects 

will find this an invaluable resource to help them 

understand whether it will add value or detract 

from their efforts. Entrepreneurs looking to solve 

market problems that they’ve identified will find 

it valuable to help them determine whether 

it should be part of their solution or not, and 

when and where to apply it. People focused on 

climate action will find it beneficial to learn of the  

advances of our understanding and the solutions 

we are engaging with, finding positive examples 

to share and key nuances of how to think of 

them. People looking for collaborators in solving 

complex climate and environmental challenges 

will find a fully referenced list of deep experts 

through this report.
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