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Reversing the Flow: Water and
Nutrients from the Sea to the Land

One area of immediate planetary-scale concern is the
increasing carbon level of the atmosphere. Another is the
decreasing carbon level of the world’s soils. These two
phenomena are part of a single problem. We must increase
the flow of carbon from the atmosphere into the soil. One
technology to contribute to this is seawater-based agriculture
whereby seawater and nutrients from the sea are brought
onto the land for aquatic animal production and halophyte
farms. Further, these farms can be constructed as integral
parts of new seawater-based communities which can be
developed in many locations along the coastal regions of
the earth. If the world population expands at projected rates
before stabilizing, and if half of that increased population
continues to live within 50 km of the world’s seacoasts (as
half of the present population does), seawater-based
communities may be one of the best alternatives for
developing new forms of environmentally-enhancing
communities with the associated critically-needed wealth
generation.

INTRODUCTION

Humankind invented agriculture 10 000 years ago. Undoubtedly,
it is our greatest technological accomplishment. The ability to
produce food in abundance, and to do so with a technology that,
as it evolved, gave us more and more time for other activities, is
the key to development of our art, science...all culture. It is
possibly unfortunate that we did not, on day one, invent sustainable
agriculture. It is only “possibly” so; because, perhaps if we had
started with a sustainable agriculture technology which required
much more of our time, albeit in a more environmentally enhancing
activity, we might have had much less time to develop the culture
that we now enjoy. It could be argued that the more-time tradeoff
was not a good one. On the other hand, we are an adaptable
species. We have a history of recognizing problems, and, having
done so, we are fairly good at "repairing the past.” We have torn
up nations with war, but when we finally realized that the war
should end, we rebuilt nations. It is now time to recognize that the
damage we have done, and are doing, to the planetary environment
must not only end, but we must rebuild much of the living system,
the biosphere, of our planet.

An area that has been especially mistreated is the land-sea
interface. Undoubtedly, this is because of the importance of, and
our fascination with, that interface. It is not random chance that
50% of the world’s population lives within 50 km of the sea. In
Carl Sagan’s popular science book, Dragons of Eden (1), he writes
about what is encoded in the reptilian core of our brain. Itis likely
that we look at the sea, and at some level know it, as a source for
much of our existence. A source has, by definition, fluxes from it,
and, if it is a beneficial source, those fluxes are positive in their
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effect. We understand clearly the fluxes of atmospheric water
from the sea to the land, and the return of that water, via streams
and rivers, back to the sea; the hydrologic cycle. But in that water
and on the wind, we have seen another flux, not from and to, but
only to the sea over our 10 000 years of agriculture. We have
suspected, but now certainly know, that much of it is a negative
flux; i.e., the horrendous erosion of our topsoil and nutrients into
the sea. Much of the topsoil of the earth, that existed before we
started agriculture, has been eroded.

We have some hints that flux does not have to be only one way;
nutrients can come from the sea to the land. Some areas export
seabird guano for fertilizer. Camels that ate mangroves, before the
mangroves were destroyed by development, and then deposited
their excrement on the lands of Arabia, were contributing. The
Native-American Indians, who took fish from the sea and used
them as fertilizers for their crops, were taking from the sea to the
land, and we now import seafood to the interior of continents. All
such activities combined, however, are infinitesimal relative to
the erosion, but the hints of repair are there.

It is now time for humankind to begin Reversing the Flow, on
a scale adequate to address the problem, by taking water and
nutrients from the sea to help rebuild what is possibly the most
important thing we have destroyed—the productive soils of our
lands. In the process of doing this, we can create carbon fixation
within the soil that will allow us to balance the current flux of
carbon into the atmosphere and even, hopefully in the future,
balance an increasing carbon flux.

In spite of increasing environmental awareness and major
efforts towards energy-use efficiency, the world is not going to
reduce its total use of energy. In fact, the total global use of energy
will increase dramatically. It must, if the developing world is to
have a fair share of the good life.” Much of the increase will come
from fossil fuels.

THE PROBLEMS AND THEIR MAGNITUDE

The good news in all of the environmental bad news, is that we
have recognized important environmental problems and have, or
are defining, their magnitude. The source of these problems is, of
course, us...the numbers of us. Agriculture started with a small
group of people, probably a few dozen or less. Agriculture’s
success has allowed us to multiply to now over 5500 million, and
we increase by another million every five days. To feed us, we
have plowed 1500 million ha, used 3200 million ha of pasture for
grazing, and taken timber from around 1000 million ha.

We have left only the most inaccessible parts of the remaining
9000 million ha of land in a pristine state. As we developed our
agriculture, we have destroyed a large percentage of the fertility
of the land by eroding it to the sea. Currently, topsoil is being
eroded at an estimated rate that is at least ten times greater than the
rate it is naturally being built (2). The specifics are depressing.
Since the end of World War II, more than 1200 million ha of
agricultural land, an area larger than China and India combined,
have been seriously degraded (3). A third of the topsoil of the
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United States, that was there when we began applying agriculture,
is gone. The soil erosion in Haiti is so bad that, in some places that
once produced food, there is now only bedrock. It is no wonder
that, with a major component of their food production, the soil,
disappearing, some Haitians are in boats trying to reach a land that
still has two-thirds of its soil remaining, the United States (4).

But, soil is not, or at least should not be, a nonrenewable
resource. It was created by a biological process. The soils of the
central part of the United States were developed over many
thousands of years, but we have destroyed one-third in a few
hundred. Soil formation required the beneficial interaction of
plants and animals. It was we human animals that took from the
soil instead of contributing to it. We need to repair what we have
done.

There is no adequate vocabulary for understanding what we
recognize, so we can get on with fixing it. A popular term for
deterioration of soil is “desertification.” The United Nations
Envionmental Program (UNEP) “considers desertification to be
one of the major environmental problems of our time.” According
to UNEP, ”35% of the world’s land surface is currently atrisk, and
more than 20 million ha are reduced annually to near or complete
uselessness.” The image created by the word, desertification, is
powerful, but there is disagreement in the scientific community
about the value of the word and some of the interpretations of it.
(For example, the movement of sand dunes onto agricultural land
is a burden for those directly affected, but satellite data suggest
that this is a miniscule issue compared to global soil erosion.)

Ulf Helldén (5) presents an articulate argument for dropping
“desertification” and replacing it with "land degradation.” We
would offer a different word so as to place soil degradation and
atmospheric carbon accumulation in one mental context. We
propose introducing a concerned public to the vocabulary of the
problem of decarbonizing of the soils of the earth, where the term
decarbonizing refers to the depletion of the organic carbon in the
soil (not the inorganic carbonates). Decarbonizing of the soil does
not have the visual power of desertification, which conjures
images of trees disappearing to be replaced by sand dunes. But
decarbonizing does link easily with global warming discussions,
i.e., carbonizing of the atmosphere. By looking at atmospheric
carbon increase and soil carbon depletion as a single problem, we
mightnotonly justdevelop, but go beyond that to implement, with
public support, an effective planetary strategy to solve the pro-
blem.

Had we started on day one with sustainable agriculture, we
would have composted the waste from our agricultural production
and returned that, with the other waste coming from humans and
animals that consumed the products of our plant production
agriculture, and put them back onto the soil. Large-scale adoption
of sustainable-agriculture practices, which the world is now doing
on an increasing scale, will stop the continued deterioration of
soil, but will not adequately address rebuilding soils and creating
new soils on the planetary scale necessary. We must get into the
business of soil production, and we must do it as an issue of global
security. In the United States in the 1950s, we built what was then
the world’s largest public-works project, a new nation-wide
interstate highway system by justifying it as a "national security”
need. Now we need to build the social and physical infrastructure
on a planetary scale to take carbon from the atmosphere to
recarbonize soils as a planetary security need.

In 1975, the then president of Mitsubishi, Masaki Nakajima,
gathered together a group of Japanese companies (later to include
other nationalities) and formed The Global Infrastructure Fund.
He did this because he thought that it was actually possible that
peace might break out, and the world would need to replace
military expenditures with some other economic driver. His idea
was “that investment in large-scale infrastructure projects in
developing countries enhances the quality of life and thus benefits
the quality and stability of international commercial relations”

484

(6). We can read “stability” as “security.” Some grand dreams
have been evaluated...such as World Route One, a highway from
Washington, D.C. to Moscow, pipelines and canals delivering
water from Alaska and Canada to the deserts of the United States
and Mexico, pipelines and canals from Turkey to the Arabian
desert, etc.

It is beyond the scope of this paper to discuss whether Mr.
Nakajima was right about peace, but he was certainly right about
the world being willing to spend money for security, at least
military security. Today’s military expenditures are over 10"
USD per year.

Our most important security issues are not military, although
they get the most attention, as they are the most immediately
painful.

Security of all our life systems should be above almost all other
issues. Given that, one might think that soil decarbonization
anywhere on the planet (Africa, Haiti...) would be of concern for
all our security—but that reality is not yet broadly internalized—
if it is encoded, we choose not to recognize it.

But another security reality is registering. We all feel the results
of our impacts on the atmosphere. The atmosphere brings humans
the results of their input into it when we cannot breathe, as in some
of our cities, or if the climate changes, and if the ultraviolet rays
of the sun increasingly burn us.

The Greenhouse Effectand Ozone Hole are known, and “repair”
is underway with agreements that eliminate some pollutants, e.g.
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Figure 1. Energy consumption, expressed as equivalent kilograms of
oil per capita, for the Republic of Korea from 1965 to 1987 (7).
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Figure 2. Gross national product (GNP), in U.S. dollars per capita, for
the Republic of Korea from 1965-1988 (7).
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Figure 3. Relationship between the Republic of Korea GNP,
USD per person per year, from Figure 2, and the energy consumption
rate (E), kg of oil equivalent per person per year from Figure 1.
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Figure 4. Total fertility rate, children per woman, Republic of Korea,
from 1965 projected to 2020 (7).
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created...more fuel burned, more people employed building soil,
producing food and biofeedstocks, more wealth created. And, the
environment will continuously improve.”

[s this possible?

Thomas J. Goreau has presented an excellent review of the
atmospheric carbon questions (8). He linked atmospheric carbon
and soil carbon and emphasized that our attention should be
directed toward removing carbon from the atmosphere instead of
simply reducing carbon input into the atmosphere.

However, at least in the popular media and political dialogue,
the emphasis continues to be on limiting and even reducing input,
while those against limiting CO, emissions claim either there is no
problem or a need for more data to prove that there really is a
problem.

In 1992, the World Resources Institute published The Right
Climate for Carbon Taxes: Creating Economic Incentives to
Protect the Atmosphere (9). The report presents considerations of
the purpose of acarbon tax, strategies for implementation, questions
of fairness, of cost, etc. It presents, for example, the effect on
individual industrial sectors (Fig. 5). From this figure, it is easy to
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Figure 5. The estimated effect of a carbon tax on the output of
selected sectors of US industry (9).
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