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1.  Can you introduce yourself? 

 

I am unlike the other people we talked about such as Richard because they are career biological                 

oceanographers, established academics in this specific field and they have worked on this for a               

long period of time, and when I wrote those articles, I was a research associate. I had started                  

my Phd, working with Sallie Chisholm (an oceanography professor at MIT) group and I got really                

interested in that subject in part because of the controversy. 

 

I have an interesting perspective because I am a scientist. I do phytoplankton ecology work and                

I have done that in the past and I am still doing it and I have a component of my research                     

interests that are in the translation of scientific information, mostly on the governance based,              

less so on the business interests and more in how to start to write rules about things.  

 

I think your project is an interesting project because the more we can actually talk about this                 

space that doesn’t treat science as a vacuum, as a separate space but actually engaged and                

connected with many is important.  

 

2. How did your became interested in Ocean Fertilization? 

 

I was starting to work with Dr. Chisholm and a lot of time in her career as a biological                   

oceanographer thinking about what controls the production of phytoplankton cells in the            

oceans and she had been involved in the early iron fertilization experiments and she and I would                 

sit down, I was working with her on a course and I did a research crew to Bermuda with her lab                     

group and she said “I would really like to have someone who is interested in taking the time to                   

carefully document the whole story in a couple of articles of the science of iron fertilization and                 

how that has been taken up, used, quoted, misquoted and informed this whole interest in               

geoengineering.” For her, and for our group, there was a real distinction between understanding              

the role that iron plays biologically in the Southern ocean and in high nutrient low chlorophyll                

zones and a geoengineering proposal that sought to study whether this could be used for               

geoengineering or to commercialize it.  

 

Our goal, explicitly with these papers was to try to illustrate the difference between scientific               

understanding of a system and testing a hypothesis which is actually like prototyping, an              

engineering hypothesis. We saw a distinction between research that focuses on engineering            

hypothesis and research that focuses on a natural science hypothesis. She needed someone             

who was willing to spend a year jumping in on this issue, tracing it and working on it. 
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I had been a biology major and political science major, so I was interested in thinking about                 

social science tools to thinking about process tracing, and that was a unique perspective to be                

here in a lab, growing cells and going out on research boats so one day she and I started talking                    

about it and said, “maybe what would you think of spending half year of your appointment here                 

working on this literature?” She reached out to John Cullen and Charles Miller, both of whom                

are her colleagues and well-respected research scientists who have been in the field for a long                

time and after a while, we realized that we would really like to have a very short piece and we                    

started contacting with the Nature editor and we wanted to have a much longer review article                

that would serve as a reference point, so that someone in a class 5 or 10 years later who was                    

interested in this story could be assigned this 25 page article and get the majority of the story,                  

all of the science but also get what people like Russ George and Dan Whaley were trying to do.  

 

For me at the time, I knew I wanted to work on the space and environmental policy and I wasn’t                    

really sure what I was doing, I was three years out after my undergraduate degree, I had a job at                    

MIT for a year and it seemed great. Honestly, it inspired me. After that, I did a two year masters                    

degree in climate change policy at Tufts and then decided to go back and to my full science Phd                   

where I am at Stanford now doing that.  

 

So it sounds a bit weird as opposed to someone who has been working on it for a long period                    

of time, but I was essentially hired to tell the story, and got excited because it merged things                  

that I was personally interested in, and it was just a chance to take a whole bunch of                  

information and synthesize something out of it using the scientific knowledge that I have and               

that I have used since then.  

 

I have to say this has opened a lot of doors to me. I was just at an oceans conference in Hawaii                      

a few months ago and ran into John Cullen, one of the co-authors and a whole bunch of other                   

people and someone who worked on this issue for the State Department in the US and came                 

out and said: “Oh, your article was a sign that required reading for all the negotiators at the                  

London Convention.”  

 

3. Could you just remind us of the core scientific facts and especially explain the role of                 

modelling in OIF? 

 

The idea behind the iron hypothesis is that there are areas in the oceans where there are a lot                   

of macronutrients --nitrate, phosphate, but there is not much growth. It is like having a really                

fertile agricultural field but nothing is growing there. This has puzzled people for a long time.                

When people started to make measurements, they found out that there were very low              

concentrations of iron there. Iron is a very important component of photosynthetic machinery,             

2 



 

Interview with Aaron L. Strong 

By Verena Flues 

Sciences Po Paris, 2014 

Date: May 9th, 2014 

a micronutrient. You don’t need a lot of it, but in very small amounts, but without it, it limits                   

production.  

 

So when phytoplankton cells grow, they photosynthesize and they take carbon dioxide out of              

the atmosphere, it is dissolved in the water, but they bring it into their bodies and some                 

fraction or portion of them will sink to the bottom of the ocean and that carbon will stay there                   

for a long period of time.  

 

This hypothesis grew out of observations and some paleo records and in 1993, the first               

attempt to demonstrate that iron was in fact a limiting nutrient of phytoplankton took place in                

high nutrient low chlorophyll regions near the Galapagos, in Equatorial pacific. It was basically a               

success. It said: “hey, iron limits phytoplankton production.” There was another one a few years               

later that refuted that experiment and so, now we have some experimental evidence that iron               

limits phytoplankton production and particular areas of the ocean and this was shown in the               

Gulf of Alaska, and in the Southern Ocean as well. 

 

This is really exciting. We figure out what’s going on in the ocean. In specific places, they were                  

able to test that iron is a limiting nutrient. But, that still doesn’t fulfill all of the aspects of the                    

amount of iron that goes into the ocean that controls the planet, planetary climate. All we                

know is that we can grow some cells in specific places. It doesn’t negate not cause you to                  

reject this kind of iron control hypothesis and it doesn’t prove it, doesn’t demonstrate that is                

true.  

 

One of the key reasons it doesn’t demonstrate that it’s true is that none of these early                 

experiments followed a tract on those phytoplankton cells over time. So what we don’t know is                

how much of that iron induced bloom sinks to the bottom of the ocean. That is critical for any                   

discussion of climatic control because if you have phytoplankton cells that grow on the surface               

of the ocean, but they are all eaten by little bugs that come along, zooplankton that come                 

along, and the zooplankton breathes all of that carbon, it goes right back to the atmosphere.  

 

So it is a difference between, planting a plantation of trees and you say “hey, look I can grow                   

some trees” and you cut them all down and you burn them. That would be like the zooplankton                  

returning it to the atmosphere. Or, you have a plantation of trees that becomes an established                

forest that lasts for hundreds of years. And that’s more the sequestration. That difference is               

not an obvious or easy to describe difference when it comes to this whole idea of “oh, you can                   

see the ocean with iron and there is this paper out there that says that the more iron there is in                     

the surface ocean the cooler the climate will be and there is some evidence for that on geologic                  

time. 
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So, that disconnection between the sequestration aspect due to export to the deep ocean and               

just the production is I think at the core of the conflation, or the misunderstanding that is                 

taking place and one of the reasons why it’s been so concerning.  

 

The other thing is that modelling is the only way how we can understand how the global ocean                  

works. We can’t conduct field experiments at the scale of the global ocean. When I go out in                  

San Francisco Bay, and I make measurements and check out rates of uptake of nitrogen by                

phytoplankton, I don’t say: “oh, this measurement in San Francisco Bay can apply to the whole                

world, I don’t say that can apply to even all of the coastal oceans of the world”. I say that I can                      

learn this thing here, in this place, and because I find this here might be relevant to another                  

place in the world. That’s what the iron experiments were doing: They were saying, hey look, we                 

can show this here, in this place, 200 square kilometer space, right now, and so, it might be                  

relevant to the rest of the world.  

 

The only way you can begin to answer these questions for the rest of the world is to run                   

models. That’s great. Models are powerful tools. The help generate hypothesis, and confirm             

hypothesis, produce insights and they’re the only way we have some sense of how the system                

works. But using those as the sole basis for engaging in multibillion campaigns to change the                

base of the foodweb in the entire Southern Ocean, that’s morally iffy for me.  

 

I do think that fundamentally the argument in the shorter paper is actually an ethical one. We                 

don’t know enough about how this system works nor can we ever, with the tools that we have,                  

in order to justify doing this. It is time to give up this idea of geoengineering to iron fertilization                   

because -it’s not that our models are not good enough- the models use a whole lot of linear                  

assumptions or scaled-up assumptions and they’re great for projecting how a whole world             

would look like but they are not great for saying: “hey, the fishery in this one place or the                   

oxygen minimum zone in this one place is going to change so dramatically because of this iron                 

fertilization that it will really negatively impact these things that other people care about.  

 

And it is getting better and moving in that direction. We are doing regional scale models, that                 

are better and better and better but, I don’t think that you can use that and the assumptions                  

involved in those models as a basis. It is not that they’re wrong or that they’re incomplete.                 

They’re just not good enough for the political and social concerns that we would need them to                 

be good enough for.  
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4. So this leads me to another question: I would like to know whether there is                

correspondence between the outcomes of the models and the empirical experiments.           

Do they reinforce each-other or do they basically produce different results? 

 

Good question. It depends. The way that these global biogeochemical cycle models work is that               

they start with really basic well-known assumptions or processes, or relatively conservative or             

generic assumptions. For example, the big question with the big geoengineering hypothesis is:             

how much of the phytoplankton in the surface ocean that is stimulated by iron will be exported,                 

will sink below the line that separates the surface water from the deep water. How much of it                  

will sink down, and that number varies all over the globe. It depends whether you are producing                 

diatom cells, what the currents are like, what the temperature is, and this is exactly the stuff                 

that I work on a different couple of systems.  

 

It is relatively easy in a global model to say we’re going to pick a range of export percentages,                   

the fraction of total surface production that’s exported. And we are going to call it 20%, 25% or                  

30%. For most of the ocean, that’s not an unreasonable number, and so you just do that and                  

you say, well, you know, I’ll kind of average these out and there are some places that are                  

greater, some places that are lower but this isn’t crazy.  

 

Then, you see if you can reproduce what the ocean looks like. And you can. On a macroscale                  

grid. But, then let’s say you go out and do an experiment and you dump iron in the ocean, while                    

in one case there was light limitation, you did it the wrong time of the year, or let’s say there                    

was dissolved silicate, so there is plenty of iron but there wasn’t enough silica. Or let’s there                 

happened to be a lot of zooplankton there so yes, sometimes you might get to export,                

sometimes you won’t. But, and this is where I draw another distinction that’s important. The               

distinction between the attempt to generate carbon credits, offset credits from iron            

fertilization and the proposal to do this at a planetary scale, the geoengineering effort.  

 

At a planetary scale-geoengineering effort, you sort of answer the same realm as the models.               

You say, “Look, if we do this, sometimes there’s not going to be much export, sometimes                

there’s going to be more. It will all kind of round up at around this fraction and if we calculate                    

what that fraction is, it’s big but not everything.” One of the most proper modeling papers set                 

one gigaton of carbon per year. That’s a lot! And I don’t think that’s a crazy number. But, when                   

you engage as a small company dumping iron in the ocean in really cheap ways, there is no                  

guarantee that you are getting any actual sequestration from that activity.  

 

What Russ George did way back when, before the Haida Gwaii experiment in 2012, when he                

dumped iron off of Neil Young’s yacht in 2003. He did that in an area in the ocean that was not a                      
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high nutrient area and is not iron limited and I don’t think he sequestered anything, I don’t think                  

he stimulated a bloom.  

 

Same thing with Greensea ventures and we sort of forget about this because we are in the                 

news cycle and the story in BC, Canada got big, but there is a long history of this kind of stuff.                     

So there is this difference between: do you generate reasonable amounts of carbon offsets for               

particular actions when you have a demonstration that they sequestered carbon in this specific              

location, or the bigger question that if you did this over the whole Southern Ocean, would you                 

actually sequester meaningful and reasonable amounts of carbon?  

 

This is where our argument is two-fold: I don’t think the models are wrong, I think they’re good                  

enough as you can get and the experimental evidence shows that you might get some               

sequestration sometimes. And so now, the question that comes is, we want to fundamentally              

disrupt the base of the foodweb in the entire Southern Ocean in order to sequester a gigaton                 

of carbon a year. Without any knowledge of the consequences, including the potential for              

positive feedback to climate change because of stimulating nitric oxides production in oxygen             

minimum zones which we don’t know and which the models are equivocal on. This is one                

criticism and it is the ethical argument. 

 

The other argument is, we certainly shouldn’t be generating carbon credits from them because              

carbon offsets are used to be purchased by individuals who are emitting CO2 in the atmosphere                

or because they are combusting fossil fuels and the uncertainty that takes place when you               

dump a little bit of iron, much iron is actually sequestered is so great that you would have to                   

basically discount it to zero, it is just, in my mind, not a reasonable carbon offset protocol.  

 

As part of my dissertation right now, I follow the development of carbon offset protocols in a                 

couple circumstances and iron fertilization is sort of laughed at as a joke when it comes to, is                  

this a reasonable kind of carbon offset to develop a fully functioning policy for, and part of that                  

is that there is so little certainty in terms of how much is actually being sequestered that that it                   

is just not reasonable to do that.  

 

5. So if I got you right, you are saying the following: the experiments that were                

conducted showed what OIF was not effective enough to capture the carbon that you              

would like to capture (efficacy argument), and on the other hand, on a global scale as                

you modelize in your models then you have the problem of side effects that you               

cannot predict.  
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Yes, you are right, that is basically it. On a small scale, there’s just so many other variables that                   

can intervene in that specific place in that specific time that if you actually care about knowing                 

how much carbon was actually sequestered from that small scale experiment, you have no way               

of knowing unless you are trying to measure it and it’s going to be really variable. You know, it’s                   

one of these things where, let’s say the global average is 20% production stimulated but, that’s                

an average of 20% where a lot of 50s, 80s (in some parts there will be 50% or 80%) and a whole                      

lot more zeros (which means there will be regions with 0%) and if you are going out and doing                   

this stuff and generating carbon credits in a place where you are actually never sequestering               

carbon, and you are not bothering to measure it because you just say, “oh well, we assume that                  

some fraction of it is being sequestered” then you are generating a lot of fake carbon credits                 

and honestly fake carbon credits are really undermined. Most of the emissions trading schemes,              

certainly Kyoto’s protocol on Clean Development Mechanism is really been hurt by lack of rules               

and the EU has also had to deal with biofuels and double counting and these kinds of issues.                  

Offsets are hard and and difficult. 

 

6. And would you say that these two aspects (the problems of efficacy and side               

effects) are the most controversial aspects of the scientific debate? 

 

The scientific debate is an interesting one. Because I think that there is a widespread agreement                

that we certainly don’t know we are sequestering significant amounts of carbon from each              

experiment. We certainly think that there is a risk of side-effects globally, yet, we do have a                 

general consensus that if we did this globally, they would probably be relatively meaningful. Not               

a saving amount, but a relatively amount of carbon sequestration.  

 

I think the actual disagreement between scientists is not really about the science. It is about                

what that means. It is about, given everything I’ve just said, and what’s published in the                

literature, does it make sense to keep talking about this as an idea. Some people are of the                  

opinion that one gigaton of carbon is enough of an incentive that we should keep doing                

research about all of this and that this research should be explicitly related to the               

geoengineering hypothesis because we need as many people as possible trying to solve the              

problem of the effects of climate change. 

 

There’s another strain of scientists, shared by myself and my colleagues that says: “this is not                

the route to success, to a policy solution.” There is no way we are going to get closer through                   

more small scale experiments through that route because the small scale experiments are             

never going to demonstrate what we would need to be able to demonstrate from the models                

and every time we do this, we learn more and in 2009 we had negligible amounts of carbon                  

sequestration, and honestly, the only experiment that demonstrated significance of export is            
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EIFEX, which the paper came out eight years after the cruise and even that has had some                 

questioning of the assumptions involved in it but I work with some scientists that are on that                 

cruise and I don’t question that.  

 

I know that some people in the kind of anti-science camp say, well EIFEX use some dubious                 

methods to measuring exports and we should question that. But, I am not of that opinion. I                 

think that it is fine. All we have shown through this set of experiments for almost 20 years is                   

that the results and responses are incredibly variable, and dependent on many other things. I               

think that everyone agrees with that.  

 

To sum up, I think that the controversy amongst scientists is, what does this mean for what we                  

should do going forward? That’s where the disagreement is. The more I see in the               

geoengineering literature, the more I see iron fertilization on lists on geoengineering proposals             

that have been made but I don’t see iron fertilization at the forefront of where the commercial,                 

political and scientific interest is in and I think a lot more of that is around sulphate aerosols and                   

those kinds of things, which of course have many issues but I am not much familiar with them.                  

At a certain point it is hard for me to sit here and make the argument that we should do less                     

science but I know how that gets twisted and our paper got twisted by some scientists who                 

essentially saw us as “don’t do more research” “Don’t do more science”.  

 

7. So you are already getting yourself to my next question: When I read your paper, I                 

got out of it that you were basically saying, that research on OIF as I carbon dioxide                 

removal method should not continue. You know when we talked to proponents they             

almost never said that they wanted to do Geoengineering right now or engage into              

carbon credit schemes right now. All they were saying was “Oceans are huge, they              

have a great potential and we have to use this potential and do research on it”. So how                  

would you react to this? 

 

One of the arguments we are making is that the ocean is huge and has scale-dependent effects.                 

By doing more small scale experiments, we will learn more about how the ocean works, but we                 

will not be testing that this can work as a geoengineering idea for significant global carbon                

dioxide removal. Small scale experiments cannot test this because these experiments do not             

take place on a global scale. 

 

Yes, we would learn more about how the oceans work, but we would not be learning more                 

about how this whole idea would work for geoengineering. Over the years since I’ve written the                

article I feel like that’s not 100% categorically true. We would learn a little bit more about how                  
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this would work for geoengineering but we would not be learning enough from that. We could                

not learn enough through 100 years of experiments to know how the global ocean will respond.  

 

Science is not a monolithic thing. There isn’t no science or more science. There are different                

kinds of science. Our goal from this paper and my opinion is firmly that science that is asking an                   

engineering question are hypotheses driven by “does this prototype work?”  

 

But, that is not the same kind of science as how does the ocean work. And so, to say, yes we                     

need more science, and to have that coming from a private company investing money in trying                

to make money from this, I don’t buy it. And I question that. Yes, I question the profit motive.  

 

I live in Stanford, most of the other people around me are engaged in start-ups. They want to                  

start their businesses. They want to start them as entrepreneurs to develop things that people               

need and will buy so that they can make money. And that’s great, and that’s how capitalism                 

works and I have problems with capitalism but that’s how that system functions.  

 

Now, when we start looking at that from the perspective of iron fertilization, understanding              

more fundamentally about how iron biogeochemistry works in the ocean is not a start-up idea.               

That is a “how does the ocean work?” question. And we should do more science along those                 

lines.  

 

The problem is that has been locked in with “we don’t know enough about whether this will                 

work as a geoengineering idea, we need more research” and that’s not the same kind of                

research. There’s an elephant in the room that I haven’t talked about, which is that, science gets                 

funded by in large, by governments. Governments fund science to do basic science but they               

also want to do science that will make a difference in people’s lives. A lot of the most amazing                   

scientific discoveries are not amazing because we understand how the world works better but              

because that understanding of how the world works is what will allow us to make a difference in                  

people’s lives. To solve real problems, to do the applied side of things.  

 

That link between basic science and applied science is what is being blurred here. I do agree that                  

basic science comes first and then on that basis of that basic science there is more applied                 

science. So where I come in is to say, the basic science is using experiments showing iron                 

limitation. But, on that basis, that’s not the same question as the application to              

geoengineering.  

 

Now, if someone wanted to come through and say, I am really interested, and this is you know,                  

one of the things that people have said and one of the commercial interests in this, in fish                  
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production (Haida Salmon Restoration Corporation). I actually think that that is not an             

unreasonable direction of applied research. You are talking about something that needs to be              

deregulated, managed, but you are talking about a hypothesis that is being tested in a small                

location. If I stimulate phytoplankton production with iron here, do I get significantly more fish               

production? Do I think that’s a good idea? No, but do I think that is a reasonable scientific                  

applied hypothesis on the basis of basic research? Yes, it fits the model to me. What doesn’t fit                  

the model is, we did this in one place in the ocean, and let’s do it in the whole ocean,                    

everywhere. I think there is too big of a leap there. 

 

So yeah, I end up in a position by saying, we don’t need more research. But what I mean is, we                     

don’t need this kind of research on this kind of idea of geoengineering using these research                

approaches because there is a disconnection. What we need is more modeling, more research              

on how the ocean’s work, then honestly, I rather see all of that money be spent on clean                  

energy technologies and solar panel development and all these other things that can produce              

real solutions.  

 

Everyone that I have been talking to, that has been a big proponent of geoengineering, they                

have an attitude that this is just a problem that needs some really smart people paying                

attention to it. And they tend to come from a business and entrepreneurial perspective. And               

they have good hearts. They want to solve problems and really help the world. But I think there                  

is a naive take at how complex our system is. It is an engineering problem and you can’t just                   

make it into one because you want to.  

 

8. I have a question about the debate: You talked about the first experiments that               

wanted to test the hypothesis that iron was limiting phytoplankton growth, but when             

was the moment that this idea shifted to the idea of geoengineering? When did              

geoengineering enter into it? 

 

In the late 1990s, there were a couple of commercial set ups that were interested in carbon                 

credits before we had robust carbon markets in the world and I think that a lot of that interest                   

was spurred by the Kyoto protocol and the idea that we were actually going to do something                 

about this. In 1998, you had Greensea Ventures and you had Planktos with Russ George and the                 

Biotom corporation and I think those moments in the late 1990s were when you first saw                

people paying attention to the scientific literature and saying, it would be a cheap way to make                 

some money. That’s where the interest came from the carbon credits side of things.  

 

I traced Planktos coming up and then Climos, which was more of a respectable one, and Dan                 

Whaley having much more credibility. But what’s more interesting and less easy to answer              
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question is when the question became really about geoengineering. Because carbon           

sequestration and carbon credits are not the same thing than geoengineering. So I actually think               

that the geoengineering idea really started to take off when, in the early mid 2000s, when we                 

saw that the Kyoto protocol was failing, and this is about the same time we started to think                  

about adaptation to climate change, as opposed to just mitigation.  

 

It used to be a taboo that adaptation was an admission to defeat and that we weren’t going to                   

solve the problem nor reduce our emissions and I think geoengineering kind of came on the                

heels of that as a term that in the mid 2000s, where people started recognizing, maybe this is                  

the way, and I think most of the interest in that grew out of “geoengineering ideas” that were                  

by in large ideas initially related to carbon dioxide removal, massive scale dreaming about things.               

It is always been this, manipulation.  

 

I do think that the interests that Russ George had in iron fertilization spurred, because of the                 

Galapagos, Ecuador to bring this issue before the London Convention on green dumping. That              

initiated a conversation in the international, environmental multilateral agreements that brought           

it in 2008, before the Convention on Biodiversity (CBD) in Oslo because of the same Russ                

George issue. That being raise, plus a plethora of articles being published in 2008-2009 moving               

into the Copenhagen Accord led to the 2010 convention on biological biodiversity agreement,             

the “moratorium”.  

 

I actually think that originally, when iron fertilization in 2006, when Climos was getting going, I                

don’t think geoengineering was the word we we using for all this. It was really a carbon                 

sequestration in terms of carbon credit generation, that was the idea. And I think that more                

than a geoengineering idea, the more that climate policy failed, and the more the discussion               

between 2005 2010 in the international space started to use the term “geoengineering”. I              

remember having to define it in all the early papers I wrote about this. People weren’t using it.                  

They didn’t know what it was, if it had to be hyphenated and all of those things, and honestly,                   

five years ago, they were still being introduced as a term. The Royal Society Report was one of                  

the first comprehensive approaches to looking at it. 

 

I really don’t think that iron fertilization started as geoengineering until some of the solar               

radiation management ideas. It seemed more like geoengineering ideas, directly, especially the            

mirrors and space and all that kind of stuff. Once it got put into that report, you have this                   

delineation of SRM and CDR approaches. Then it became that but no one in the 1990s was                 

talking about geoengineering, in terms of iron fertilization. That was never part of the              

discussion. It was, we need to come up with ways that remove CO2 from the atmosphere so                 

people can make a buck and at the same time people were interested in planting trees. I mean,                  
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Russ George sold carbon credits to the Vatican for a forest to be planted in Hungary. He is not                   

an oceanographer, he was a carbon guy. He wanted to sell voluntary carbon and he wanted to                 

do it the cheapest way possible. This just emerged. It is just a guy on a boat in california reading                    

scientific papers and wanted to make a business out of it.  

 

I guess that’s my take on that but you have a really good question, and is one that is kind of                     

overlooked. Now, everything is established, we have all these categories, we understand them,             

we talk about them, we go in circles around them but they were not always like that.  

 

9. I often thought that what defines geoengineering are the massive scales: The             

geographic scales and the huge time scales. So in OIF this would only apply if you do it                  

on a global scale right, on the whole of the Southern ocean? Otherwise it would only                

be a local carbon sequestration programme and not really geoengineering? I also often             

question the division between geoengineering and Carbon Capture and Storage for           

example, just because one is emitted and the other one is directly captured, for me               

they are the same type of massive scale intervention? 

 

Keep focusing on that distinction because it is one of the things that emerged out of the 2010                  

agreement and it has been weird to think about: when does it become human alteration of the                 

“natural space” in terms of carbon capture- carbon removal and when is it just altering               

otherwise anthropogenic process. At one point, if any of the emitted gas mixes with              

atmospheric gas, it becomes geoengineering, so as long as it doesn’t directly mix with the               

atmosphere, then it is not geoengineering.  

 

In the early work, in the 2007, 2008 London Convention and CBD, made the distinction between                

large scale and small scale without a clear definition of what that meant, but I think that that                  

sort of stuck, and geoengineering became, “if I plant a tree it is not geoengineering.” Yet, there                 

has got to be some level at which this becomes significant enough to alter global               

biogeochemical cycles and global climate.  

 

10. I have another question: you were talking about the idea of fundamental research              

on the ocean and the applied research on its geoengineering potential. So when you              

were making this distinction, do you just distinguish on basis on the intention of the               

researcher or is this reflected by the actual methods of the researcher? 

 

It depends on what the hypothesis that you are testing is. If we pretend all science operates                 

according to the scientific method, then we assume everyone has a research hypothesis and a               

null hypothesis and their experimental design, controls, and they will either reject their             
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hypothesis or unable to reject their hypothesis. This goes back to Karl Popper and positivist               

statistics. But, that’s not how science actually works. If your hypothesis is, “will this work for                

geoengineering?” but if you are testing “does iron limit phytoplankton production in a particular              

ocean?” or “does iron and phosphorus limit phytoplankton production?” that is the hypothesis             

you are testing and that should be the judgement of what distinguishes along the spectrum               

from basic to applied research. 

 

I am enough of a student of the sociology of science that I recognize that it’s very easy to blur                    

those lines. There are scientists out there who are simultaneously… I think that Victor              

Smeracek got a lot of interest and press coverage for his work by promoting the               

geoengineering potential for his experiments. Yet, the actual hypotheses, when you went and             

looked at them, the German Government did a whole review of them, were not the               

geoengineering hypothesis. That’s not what they were out there to test, they were out there               

to test Southern Atlantic Ocean iron limitation etc.  

 

So there is this double play, where your official hypothesis is a non-geoengineering one but the                

entire back story and press interest, and the ETC Group response to this blew up, because the                 

lead scientists from that cruise were going around saying that this is interesting because… and               

we are taught to do that as scientists, we want to sell the sexiness of the science, the applied                   

science, you want to be able to go back to your family dinner and say, “I am helping solve this                    

global problem”.  

 

I think that that is a harder distinction than I pretend it is, I struggle with it and I really wonder…                     

I find it fascinating as an academic to see how the London Convention has attempted to write                 

the rules to really distinguish legitimate scientific research from non-legitimate scientific           

research. This goes back to my basic position, which is that I think at the very least, legitimate                  

scientific research should not encompass a direct profit gain from the outcomes of the              

research.  

 

But, if you have an incentive to generate profit from carbon credits, that casts a doubt over                 

considering this as legitimate scientific research. Could there be legitimate scientific research            

that was trying to test the geoengineering hypothesis? I don’t really think so because I think                

you would have to be doing that experiment at the global scale.  

 

There is a lot of things that are in between. Big scale experiments that haven’t been done                 

before, will allow us to answer questions that hadn’t been asked before, and also bits and                

pieces of information that contribute to our knowledge of the geoengineering hypothesis.            

13 



 

Interview with Aaron L. Strong 

By Verena Flues 

Sciences Po Paris, 2014 

Date: May 9th, 2014 

SHould that be allowed or get the permits in terms of dumping? That’s a tough call, there is                  

some gray area there. 

 

11. The question about scale. Many of the proponents say “maybe we haven’t had the               

results that we wish about carbon uptake, but this is basically due to the small scale of                 

the experiments. Maybe we should just scale them up.” So, I saw in your articles that                

your are really against this idea. And I wanted to ask you, if you scale experiments up in                  

geoengineering, are you already doing geoengineering itself?  

 

That’s where the legal definitions are actually really useful. They are arbitrary, right? These lines               

drawn and if you say ok, if you do something that is 10 000 or 20 000 kilometers it becomes                    

geoengineering or however you want to define it. It becomes useful as a distinction point but,                

going back to the scale question, it gets to this previous idea I mentioned about the model                 

averaging everything out at a global scale to get a small but significant amount of carbon                

sequestration. If you do all these small scale experiments, there are going to be single points                

and they are going to be below average or higher… 

 

I still think that if you scale that up a little bit, you are not actually… Let’s say you are fertilizing                     

an area of the ocean that’s 500 by 500 kilometers. You are still not testing the idea of what this                    

would do to CO2, the food web and the ecology of the whole Southern Ocean. It is still a really                    

small area.  

 

There are scale dependent effects that we continue to see in all the models, where there is a                  

big difference between one 500 by 500 KM patch and dozens and dozens of 500 by 500 KM                  

patches. I think it’s intuitive for people hearing about this but, this whole idea of how we                 

started this in a small scale and that we need to slightly move towards a larger scale… each                  

time you are asking a different question with a different hypothesis. I don’t feel morally               

comfortable with doing it at the scale necessary because, at that point, and this is where the                 

legal regimes are really useful, at that point, experimentation is geoengineering. And if we need               

the experiment to show whether geoengineering will work or not, you can’t have that, so it                

doesn’t work. That’s where I think that having these legal responses that say, “you can do all                 

the small scale stuff you want, but you can’t do it at the global scale” are really usefull. My                   

conclusion from that is, you can’t do that for geoengineering. Period. Yes, you can learn a lot                 

more about it, and it is not a bad thing to do, there are more pressing questions to study, but                    

sure.  
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Scale is at the corner stone of all of this. It is one of the areas where the international law                    

responses have some of the most weight or ability to influence the trajectory of what will                

happen over the next few decades.  

 

12. So this is maybe the virtue of law. It might be scientifically arbitrary but, but it sets                  

a clear line what is small scale and what is large scale.  

 

I agree with that and they aren’t scientifically based necessarily, they’re arbitrary yet they are               

still important. I think the 2 degree target of climate change target is similar. It is a made up                   

number but having it is really important. So what is large scale or small scale, scientifically, it                 

would be hard to come down, the answer is almost, it depends, but the law doesn’t work on an                   

“it depends” kind of line, and so it comes up with something reasonable.  

 

13. One of the arguments that we heard of proponents when we talked about GE and                

intervening or not in natural cycles, was that they told us that these (GE) processes are                

already happening naturally for example in the form of volcanic eruptions, and volcanic             

ashes fertilizing the ocean. So I just wanted to hear your reaction to this kind of                

argument:  

 

One of the other arguments is that we are in the anthropocene, we are the dominant force in                  

the planet and we control, through our GHG emissions, there is no natural anymore. (*Space               

Station Sloterdijk) We are already altering everything so if we can just try to help prevent                

climate change and prevent disaster, then that’s a good thing. 

 

Honestly, I agree with that. I do think we are living in the anthropocene and don’t really think                  

there is an easy distinction between natural and artificial. It is much less about “oh, we don’t                 

want to disrupt the natural order of things” that I have a problem with. And no, I don’t think                   

that whales are more important than human suffering; I am not an environmentalist who thinks               

in those terms. Where I see the distinction concerns the side effects. So I worry that by doing                  

this at the global scale, not that we would change things from the way they are now, and that                   

that would be somehow unnatural or wrong --I agree that these are processes that take place                

already and we would be enhancing them.  

 

I worry that the consequences of doing that would decrease the value of the things we value a                  

whole lot. One, increasing substantial emissions of GHG. That could happen, there are some              

models that suggest that could happen. That exacerbates the problem. Two, significant species             

decline of some commercial fishing species. That’s a problem: it hurts fishermen, a lot of               

people, it hurts the economy. Three, substantial modifications of biodiversity. That matters            
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because people care about those things. They place a lot of value on them and in preventing                 

them from being completely disrupted. So, to say that we are going to completely disrupt all                

that on a basis of a few models and small scale experiments that don’t test that hypothesis… I                  

don’t think it is a bargain we should do.  

 

I don’t think that Solar Radiation Management (SRM) and sulphate aerosols are something we              

shouldn’t think about. I am not opposed to geoengineering. I think that the problems there lie                

in justice and equity issues. You could be significantly altering agricultural productivity and             

hydrological variability in parts of the globe where people have no say or no right to take part in                   

the discussions about whether or not to do that. I don’t accept that Governments should be                

able to represent them, I think there’s a lot of people for whom that representative democracy                

doesn’t necessarily work.  

 

Fundamentally, my concern with OIF or SRM techniques involve ethics and social justice. There              

is a difference between action and inaction. Taking a positive action that takes such risks makes                

less than taking positive actions that are just hard to take but we understand that they involve                 

far fewer risks.  

 

A counterpoint to that is that by putting a tax on carbon or reducing emissions, you are hurting                  

development or poor people and I get that, it is important. But that’s part of the controversy                 

that for me is fundamentally an ethical and political issue more than a scientific one.  

  

14. This was the other kind of argument that we heard a lot: That we are basically                 

incapable of reducing emissions and we have to face the two options: or facing and               

experiencing climate change, of which we don’t know the exact consequences (but we             

think they will be catastrophic) or engaging into scientific research and experiments            

and maybe ultimately deployment of GE like Ocean Fertilization of which we also don’t              

know the consequences but at least we can try to monitor them etc.  

 

I don’t think there is a global collective. People think reducing emissions is really hard because                

our policies aren’t working. our policies could be in place where we could do this geoengineering                

now and might come as a risk, but it might be more effective. But, climate change is so                  

complex that it is not going to be driven by a single policy lever. It is going to be driven by                     

societal evolution over decades. We are starting to see that happening.  

 

This is a weird position to take but, I don’t think it is the Kyoto protocol that will solve the                    

problem, but decades of small decisions being made here and there, cultural norm shifting, etc.               

What we see happening more and more control the overall trajectory of where this goes. My                
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biggest concerns with geoengineering are that you are putting too much power in the hands of                

too few people. Even if they are well intentioned people, even if there are monitoring               

mechanisms in place. The world is ripe with inequality, where people make decisions about land               

spaces, and manipulations of the environment that affect people that have no say or ability to                

participate in that process.  

 

I rather rely on unorganised chaos of societal development spurred through scientific            

knowledge and advocacy over time, than I would on some sort of technocratic government              

elite. That’s a political stance that I have, and not a scientific one. There are plenty of                 

respectable people that might disagree with me, but that’s where I stand. 

 

15. Is geoengineering inherently a political technology? 

 

Yes. It is. And I don’t think that most people who call themselves scientists would necessarily                

say that. And people that I respect would disagree with me because they are so disenchanted                

with the political system that they think: oh, if we just get a bunch of smart people in a room                    

together we can risk this. But, I don’t think that that’s right.  

 

16. But do you know Clive Hamilton. He is an Australian Ethics Professor that we               

interviewed and he basically says the same thing as you, for him GE is a profoundly                

political kind or system-preserving technology. And he talks a lot about moral hazard             

by having a technological Plan B which reduces our incentives to reduce emissions and              

talk tough decisions… 

 

I am not sure that by simply talking about geoengineering we actually alter the focus and                

attention in solving planetary problems but I do agree that it is a fundamental political               

circumstance. I think that there is far more public discourse about carbon footprints and              

reducing pollution than clean energy technology and sustainability than there is about            

geoengineering. I think that were geoengineering takes place, is amongst business primarily and             

political elites. They see it as a fix that would not disrupt their status quo, and that is another                   

reason why politically, I am opposed to geoengineering, because, to use a marxist reference,              

the controls of power remain in the hands of those who have them and it doesn’t change the                  

structure of our institutions or society. I do think that that change is what needs to take place; I                   

don’t think that change will necessarily will come through evolution. I think change will come               

through incremental societal movements and new ideas and enterpreneurs and people working            

in their communities and that is not something sexy to put a lot of faith in politically. When I                   

was 16 I thought more about revolution than what I do now at 31 but … in the end, I would                     

agree with what you have described about Clive Hamilton.  
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17. I just wanted to come back to the scientific community. So you were saying there is                 

kind of a consensus about the purely scientific aspects of the controversy. But still do               

you see within the community any clusters of opinions any clear oppositions and             

different views that oppose each other? 

 

People have different views on whether geoengineering is a good idea. They all see the same                

results. they just have a difference in opinion on whether to pursue it or not. I think that the                   

disagreement is not that you have scientists that are pro or con but scientists that are very pro,                  

scientists that think we should be spending a lot more time researching these ideas and then                

you have a lot of scientists in between, who kind of roll their eyes to the idea of geoengineering                   

but also, who are putting a lot of options on the tables, not necessarily work on these issues                  

but on something related to it.  

 

There is no real difference about the fundamental science about all of these ideas and the                

notion of OIF. I think it is just a matter of opinion on whether geoengineering is a good idea or                    

not and people are on a spectrum along those lines. 

 

18. Do you think from the beginning on, from the first hypotheses, has there been an                

evolution of attitudes towards OIF, not GE in general but really on OIF and on its                

potential? 

 

I think that there has been a bit of a shift. There was a lot more interest in the early 2000s,                     

which was when the bulk of experiments were done and people saw that they could get really                 

good research funds. That was when in 2001 you started to hear about “carbon sequestration”.               

Before, the talk was on “carbon export”, which is the scientific term for which we are talking                 

about. “Sequestration” is a term that comes from the climate policy literature. And yet, you               

have scientists getting research funds that talk about sequestration and I think they realized              

they could use that as a hook to get more research funding to go do these cruises. We got a                    

lot of information from those cruises.  

 

Then there was kind of a whole, and then in 2007- 2008 things blew up again with Russ George                   

and then in 2009 their cruise was delayed, they were maybe not allowed to go, there were                 

these new international laws, and you had protest groups condemning them. That is a new               

territory for scientists and I think that really changed the game: that the world was one way                 

1994-2009, and very different from that year on as it became a more politically hot topic. That is                  

what hit the scientific community where you are marked as a proponent or opponent in a way                 

that wasn’t really the case, as researchers just studying iron in the oceans.  
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I really think that that’s what happened because of the legal international response. When we               

are talking about doing this in the mid 1990s, no one talked about “dumping” or “legitimate                

scientific research”, “permits”. It was just another research crew, went out and did             

experiments, like anything else, and now, it is regulated, dissected, political and most scientists              

want to avoid this except for the ones who see it a a route to get more funding or more                    

interest or more money. 

 

19. Your own position: this categorical position that we should restrict ourselves to             

fundamental research. Would you say this is a minority position or do you have the               

support of other scientists? 

 

When I talk about this to most people, they enjoy the oceanography piece. I get a lot of                  

positive comments on that. I think it is because they are kind of skeptical about the whole thing                  

and they prefer science to be apolitical, even though I just spent like 20 minutes talking about                 

how I think all science at this point is basically political and this is a political controversy and not                   

a scientific one. I think scientists rather not get into these political waters and most scientists                

say, ‘we just need to reduce our emissions as a solution but all this other stuff is too uncertain                   

and not where we need to go. We need to know that if we reduce emissions, we will solve the                    

problem.’  

 

I say, that’s the majority viewpoint and most oceanographers I talk to I don’t think they think                 

that OIF is a good idea. I say, most earth systems scientists are really interested and really care                  

about solving climate change, they might have a different view towards geoengineering and             

they haven’t thought that much about OIF but they think they should put all options on the                 

table. So in the oceanographic community, there is more criticism of it because they see that                

the proponents of OIF have by in large not been scientists on commercial ventures with some                

exceptions, and there is far more interest in this idea from the environmental science              

community and not the oceanography community.  

 

20. When we talked to Clive Hamilton he said that in other controversy there were               

political and economic constituencies that built up around the technology and that            

became very strong, so strong that even when scientific results contradicted some of             

the aims, the political cost to go back and say “we will not invest in this any more” was                   

too high. What happened in OIF is that there was never such a strong constituency. Do                

you agree with that? 
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Honestly, no offense to Dan Whaley but, Climos and Planktos are not the same game as the                 

commercial interests and Carbon Capture and Sequestration (CCS). These are really small            

operators commercially. I agree, I don’t think there was a constituency saying that we need to                

do this and we need to do it now and this is the golden ticket to salvation of all of our                     

problems, the way you hear people are doing for CCS at coal plants or any number of clean                  

energy technology where you have a tremendous amount of capital in this development.  

 

Part of the problem is that the problem of CCS in part is technical in actually getting it to work                    

in a cost-effective manner. It is really cheap to sail a boat in the middle of the ocean and dump                    

some iron out of the bag. It is not expensive, compared to all the other geoengineering ideas, it                  

is cheap, cheap, cheap. That’s part of the reason why you have some people trying to take                 

advantage of that cheapness in order to make money, but they didn’t necessarily have huge               

constituencies because they didn’t have tremendous amounts of venture capital or investment. 

 

21. How much do you think these commercial trials, the kind of Russ George and Haida                

ones, contributed to discredit the whole approach and shift the debate? 

 

One, I think they have made all the difference in the world because I think that without them,                  

you wouldn’t have international legal response. If there was no Russ George, there was not               

going to be the same London Convention. That being said, I think that Russ George as a                 

character, is a bit of a problem. Dan Whaley is a reasonable businessman, respectable, and Russ                

George, lived on a houseboat and invested a lot in coal fusion and continuously pissed people                

off and did some crazy things and people seeking taking advantage of the Haida in a lot of the                   

narrative and even before that, with Neil Young, and he was kind of ridiculed and laughed at by                  

NPR and Nature in 2003, so he is an outlier character and he doesn’t seem like ‘oh, this is the                    

future of how we will solve climate change’, it’s this crazy guy. 

 

I think that discredited OIF a little bit, and Climos tried really hard to distinguish themselves                

from Planktos in all respects. Saying, we only do “fully legitimate science”, we have a science                

advisory team, we are doing this the right way, etc. But I am really curious to know where they                   

see themselves now, I feel like there is a lot less press and interest in Climos now than there                   

was in 2007-2008 and their website hasn’t been updated in three-four years. So I think that the                 

commercial interest didn’t actually help the geoengineering cause at all. I think it is what pissed                

a lot of scientists off. Sallie Chisholm had me do this because of how much she was frustrated                  

by the commercial interests and their misinterpretation of the fundamental science, especially            

Russ George and Planktos.  
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22. What was the role of the civil society, especially in the form of the ETC, group? How                  

much did they make the difference? 

 

Sure, I think that their involvement has been really interesting and important for a couple of                

reasons. It cemented OIF as a political issue in 2009. Without them and their rallying around I                 

don’t think we would have seen the same transformation of this controversy where it stands               

today. They add that extra voice in here and I think that that voice makes scientists a little more                   

scared of becoming involved in these kinds of things. No scientists wants to be the               

environmentalist backlash, especially when they tend to agree with most “environmentalists”. I            

remember meeting their representative at the cancun negotiations in 2010, and they said, “you              

are Aaron Strong? I didn’t think you’d be so young!” Because they thought I was another one                 

of these scientists who is at the end of my career and writing about this. And I said, “no” but                    

you know… I think that it just is really important to have some of that voice because of all the                    

reasons I have mentioned, where I think this is an ethical, justice and political issue and having                 

civil society focus on those aspects is essential and the fact that they are there is a hallmark of                   

the fact that this is a political issue.  

 

23. Will we still be discussing OIF in 2014? 

 

I think in the future, we will be discussing human alteration of ocean cycles, but not only in a                   

carbon-only circumstance. I think we will be talking about PH and acid neutralization, and people               

trying to remediate or fix ocean acidification. I think we will be carrying a lot more about fish                  

production and that some of this debate will be in the realm of what constitutes aquaculture                

and not necessarily only interested in OIF for pure carbon sequestration but simply in more               

oceanic technologies that control biogeochemical cycles and this might be part of that debate.  

 

I think geoengineering itself is going to move beyond narrow focus on climate issues to a much                 

more fundamental focus on how do we want to structure earth system processes and benefit               

in general? The more we learn about these systems, the more we have big engineering ideas:                

we are going to be talking about food production, energy creation, biodiversity preservation,             

fisheries… What do we want this world to look like? Because if we are going to be living in a                    

synthetic world where nothing is natural, there is going to be people who will push forward and                 

say, “we can control these systems” and there is going to be a lot of environmentalist backlash                 

of a particular strain of environmentalists where they say. “hey, the way we reduce ocean               

acidification is by reducing our emissions, not by chemically altering the ocean in order to fix the                 

problem we’ve caused.”  
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But I think there is a symptom of a much broader interesting political debate that will form a lot                   

of our decisions about food and energy production and land and marine management in the               

next century. We are starting to have enough understanding to have the power enough to               

actually do something about these things on big scales and it raises a lot of questions as to                  

what are the values behind something being natural, anthropogenic or man vs wild. managed vs               

unmanaged. One of the most interesting aspects to me is that I think that we still think that                  

environmentalists as a monolithic, singular movement, that there are greens out there.            

However, environmentalism is not one thing. There are environmentalists who are pro            

geoengineering, others who are against, pro-aquaculture and anti aquaculture and pro-natural           

wild and ‘we should do whatever we can with our technology and science to fix the world’ and                  

that technological political schism is going to be at the forefront of where we are.  
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