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Responsibility

Ocean permaculture: Air conditioning
for warming seas

24 July 2017
By Twilight Greenaway

Can arti�cial upwelling restore nutrients to surface waters
where aquaculture is practiced?

(https://www.globalseafood.org)
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The oceans are heating up – and fast. Since 1992, the rate of ocean warming has nearly doubled
(https://insideclimatenews.org/news/10032017/global-warming-oceans-climate-change-noaa)
compared with the previous three decades. And while the oceans absorb more than 90 percent
(http://advances.sciencemag.org/content/3/3/e1601545) of the heat trapped by carbon dioxide and
other greenhouse gases, a great deal of that heat remains near the surface, like a warm layer of bath
water.

This is troubling news for marine aquaculture. Warmer waters will likely mean
(http://journal.frontiersin.org/article/10.3389/fmars.2016.00048/full) an in�ux of new pathogens, an
uptick in toxic tides and an increase in the toxicity of common pollutants that affect �sh and other
seafood.

Brian Von Herzen Ph.D., founder of the Climate Foundation (http://www.climatefoundation.org/), has
spent the last decade working on an effort to redistribute and bring down ocean surface temperatures
combining two �elds: geophysical �uid dynamics and marine biology.

As Von Herzen sees it, much of the open ocean is now an aquatic desert.

(https://events.globalseafood.org/responsible-seafood-summit)

Ocean permaculture technology will be trialed in the waters off Woods
Hole, Mass., and then shipped to the Indian Ocean island nation of
Zanzibar (pictured above), where it will be used to help bring back red
Eucheuma seaweed. Shutterstock image, photo by akturer.
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“Before global warming, we had natural upwelling,” he said. “Wind stress caused the deep water to
come up.” Along with that cooler water came nutrients that fed all varieties of seaweed and kelp. Now,
that upwelling has been greatly reduced, leading to a wide range of problems.

Restoring equilibrium to ocean ecosystems
The situation off the California coast in particular has been especially severe. Over the last eight years,
the temperature of the water has risen dramatically due to a combination of global warming, the Big
Warm Blob (https://weather.com/news/climate/news/the-blob-paci�c-ocean-temperatures) and El
Nino, peaking (http://www.nationalgeographic.com/magazine/2016/09/warm-water-paci�c-coast-
algae-nino/) in 2014 and 2015. By 2016, the kelp cover in the region was reduced by 93 percent
(https://cdfwmarine.wordpress.com/2016/03/30/perfect-storm-decimates-kelp/). And because kelp
is a foundational species that provides habitat, forage �sh such as anchovies and sardines have also
suffered, causing thousands of sea lions to starve (http://www.latimes.com/science/sciencenow/la-
sci-sn-starving-sea-lion-pups-20160301-story.html).

Bringing back kelp and other macroalgae are key to balancing the ocean’s water temperatures and
restoring its ecosystems, said Von Herzen. He and the scientists he works with have developed an
approach called ocean permaculture that involves using wave power to bring water and nutrients up
from the colder, lower levels of the ocean. Once they are brought up to the ocean’s top, “mixed layer,” the
nutrients would feed kelp and seaweed on an array, or a light-weight latticed structure, built to hold a
new habitat for a variety of aquatic life.

“Our vision for the future is to have a free-�oating, self-guided system,” he said at a talk he gave before
an audience in San Francisco in May. “It provides a holdfast and we can literally irrigate the kelp.”

Von Herzen and a group of fellows from Princeton and Stanford universities are spending the summer
building an ocean permaculture array and trialing it in the waters off Woods Hole, Mass., USA. The
array will be roughly half a square mile in size, and it will be submerged 80 feet below sea level.

Once it’s completed they’ll ship it to the Indian Ocean island nation of Zanzibar, where it will be used to
help bring back red Eucheuma (https://en.wikipedia.org/wiki/Eucheuma) seaweed, which – until
recently – was one of the nation’s major exports (http://www.bbc.com/news/world-africa-26770151),

Our vision for the future is to have a free-�oating,

self-guided system. It provides a holdfast and we

can literally irrigate the kelp.
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worth $8 million a year. Red seaweeds are used in cosmetics, lotions, toothpaste and medicines and
have generally been farmed and harvested by women on Zanzibar who haven’t traditionally had their
own source of income.

Bolstering food security
The Climate Foundation received $2.4 million in funding from the Australian government through this
year’s Blue Economy Challenge (https://www.bluebird-
electric.net/oceanography/Blue_Economy_Challenge.htm) as part of a larger effort to help bring a
means of self-su�ciency to the developing nations around the Indian Ocean. Ocean permaculture was
one of just nine projects to win the award, out of several hundred applicants.

“We received a pretty interesting landscape of innovations and the marine permaculture array really
rose to the top because it was so unusual,” said Barbara Martinez of Conservation X Labs
(http://conservationxlabs.com/), a startup working to bring about more tech innovation in the
conservation and development spaces, which collaborated with the Australian government
(https://www.aquaculturealliance.org/advocate/australia-incentivizing-innovation-in-aquaculture/) on
the challenge.

While improving food production directly was the main focus of the Climate Foundation’s application,
Martinez said, the wider implications for ocean restoration are also signi�cant. “It could be used to
restore parts of the ocean where kelp that provides habitat for other marine species is no longer
thriving,” she added.

Von Herzen sees ocean permaculture as key to food security. His
�oating arrays would not only be able to host seaweed and shell�sh,
but also provide a resilient, fast-growing source of food and shelter for
forage �sh and game �sh. Image courtesy of Climate Foundation.

https://www.bluebird-electric.net/oceanography/Blue_Economy_Challenge.htm
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https://www.aquaculturealliance.org/advocate/australia-incentivizing-innovation-in-aquaculture/
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Von Herzen sees ocean permaculture as key to food security. The �oating arrays would not only be able
to host seaweed and shell�sh, but also provide a resilient, fast-growing source of food and shelter for
forage �sh and game �sh.

As with land-based permaculture, however, that production is more focused on building an ecosystem
and establishing an equilibrium (https://knowledgebase.permaculture.org.uk/principles) in which
everything goes to use, than on containing a single species in a net. Von Herzen calls it “free range
aquaculture” and believes the array can yield “hundreds of tons of �sh and thousands of tons of
macroalgae per square kilometer,” he said.

Permaculture arrays could also potentially bene�t nearby open-ocean aquaculture facilities. “We see
the future of aquaculture being closely coupled to the development of marine permaculture,” he said.
“We have an air conditioning system provided by nature.”

The Climate Foundation and the other winners of the challenge are also going through an accelerator
program called Ocean X Labs (https://conservationxlabs.com/oceans-x-labs), which provides
opportunities for meetings with investors, mentors and advisors that are designed to help them scale
up their ideas, “from the idea of prototypes into deployable innovation that will have an effect on
improving ocean conservation,” said Martinez.

The Climate Foundation has received support from the Bill & Melinda Gates Foundation, U.S. Fish and
Wildlife and the National Academy of Sciences Keck Futures Initiative for its work. Von Herzen wants to
commercialize the process and has been in talks with investors around the world over the last year.

Wave power brings water and nutrients up from the colder, lower
levels of the ocean to the top “mixed layer.” Nutrients would feed kelp
and seaweed on an array, or a light-weight latticed structure, built to
hold a new habitat for a variety of aquatic life.

https://knowledgebase.permaculture.org.uk/principles
https://conservationxlabs.com/oceans-x-labs
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“We’ve had interest from Hawaii, French Polynesia, New Zealand, Indonesia and the Middle East. Those
are just the places I’ve visited in the last year.”

Exactly how many pipes and �oating arrays it would take to make a signi�cant impact is hard to say,
but Von Herzen also appears to be aware of the obstacles ahead. “It’s not going to be easy – it’s going
to take millions of dollars to do it, but we believe ocean permaculture is the future,” he said.

Martinez also sees the potential for transformative change at a time when climate change is ratcheting
up the stakes for the ocean: “If this was deployed at a fairly large scale, we would see a very noticeable
impact.”

Follow the Advocate on Twitter @GAA_Advocate (https://twitter.com/GAA_Advocate)
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