LETTERS
Earthquake Light

I enjoyed Deborah Shapley’s account
“‘Chinese earthquakes, The Maoist ap-
proach to seismology’’ (News and Com-
ment, 20 Aug., p. 656), but [ am bemused
by her report that a trained (Chinese)
seismologist gave the Americans a ‘‘con-
vincing’’ account of an ‘‘earthquake
light’” which illuminated the night sky
during one quake. I also have some epis-
temological difficulties with C. Barry
Raleigh’s reported explanation that ‘‘the
electrical discharge represented by an
earthquake light may build up before the
quake.”’

Perhaps, under these circumstances,
we should reexamine the communication
(1) directed to the president of the Royal
Society by William Stukeley on 26
March 1750. In it he points out that

In an age when electricity has been so much
our entertainment, and our amazement; when
we are become so well acquainted with its
stupendous powers and properties, its veloci-
ty, and instantaneous operation through any
given distance; when we see, upon a touch, or
an approach, between a non-electric and an
electrified body, what a wonderful vibration is
produced! what a snap it gives! how an in-

nocuous flame breaks forth! how violent a

shock! Is it to be wonder’d at, that hither we
turn our thoughts, for the solution of the
prodigious appearance of an earthquake?

And again,

We had lately read at the Royal Society, a
very curious discourse, from Mr. Franklin of
Philadelphia, concerning thundergusts, light-
ning, the northern lights, and like meteors. All
which he rightly solves from the doctrine of
electricity. . . . From the same principle I in-
fer, that, if a non-electric cloud discharges its
contents upon any part of the earth, whenina
high electrified state, an earthquake must nec-
essarily ensue. The snap made upon the con-
tact of many miles compass of solid earth, is
that horrible uncouth noise, which we hear
upon an earthquake; and the shock is the
earthquake itself.

JoEL J. LLOYD
Commission on International Relations,
National Academy of Sciences,

Washington, D.C. 20418
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Ion Beam Analysis

The article by Arthur L. Robinson
“Nuclear science: X-ray evidence for
superheavy elements’’ (Research News,
16 July, p. 219) gives a misleading im-
pression of one aspect of analysis using
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ion beams. This involves the statement
that ‘‘the researchers had to focus the
ion beam on the inclusions, which have
diameters of 50 to 100 micrometers, for
long periods of time (an hour), a never-
before-achieved accomplishment in
itself.”’

In fact, beams of protons and other
ions focused to spots of less than 4 um
in diameter have been in use in this labo-
ratory for about 7 years. Positional
stability to a few micrometers is normally
possible for periods of several hours. A
description of the system was first pub-
lished in 1972 (I), and much analytical
work using the system has since been
reported (2). Several copies of the system
have been built in other laboratories,
although not always successfully.

J. A. COOKSON
Nuclear Physics Division, AERE
Harwell, Didcot, Oxon OXI11 ORA,
England
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Cookson is indeed correct. In fact,
because of the long-term stability of the
accelerator beam there, researchers who
were involved in the superheavy element
discovery will soon be journeying to
Harwell to repeat their experiment. The
lower beam enérgy available from the
English accelerator will mean that it may
take six or seven times as long to accu-
mulate a given amount of data as with the
Florida State University machine, thus
requiring a length of time which will se-
verely test the former’s stability. None-
theless, Neil Fletcher at Florida State
University believes the experiment will
be an important one in increasing the
credibility of the x-ray evidence for the
existence of superheavy elements.

—A.L.R.

Food, Energy, and Population

The studies on agriculture and energy
by David Pimentel’s team at Cornell pro-
vide a great deal of useful information on
this important relationship, especially as
it applies to American practice. But con-
clusions based on their extrapolations to
a worldwide scale can be seriously mis-
leading. That was the case with the
much-quoted article of 1973 (2 Nov., p.
443) and is also true of the sequel (21
Nov. 1975, p. 754).

In the 1973 article, Pimentel et al.

estimated ‘‘the fuel energy needs to feed
4 billion humans,” extrapolating from
energy inputs for corn in the United
States (roughly 1 gallon of gasoline per
bushel of corn). Nitrogen fertilizer ac-
counted for one-third of that total, ap-
plied at 112 pounds per acre. But total
U.S. nitrogen fertilizer consumption in
1970 was 7.46 million short tons (I), an
average of only 45 pounds per acre of
cropland. Pimentel’s calculation therefore
overstated this part of the energy budget
by 2.5 times. Moreover, in attributing
energy use on a U.S. scale to ‘‘green
revolution agriculture,” Pimentel et al.
did not distinguish between energy
required for high yields per acre and
energy which merely replaces high-cost
human labor—not a necessary aspect of
the green revolution. Almost half of the
total energy budget for corn falls in the
latter category. Finally, the authors com-
pared energy used in all forms with esti-
mated reserves of petroleum alone, an
inherently misleading comparison.

The 1975 article compounds some of
these errors. One can heartily endorse
the conclusion that population control in
densely populated, low-income regions
is of the highest priority without support-
ing that conclusion with dubious calcula-
tions based on the questionable assump-
tion that ‘‘most people of the world de-
sire to eat and live as we do in the United
States.”” Taken literally, that assumption
would require both global population-
land ratios and global incomes at Ameri-
can levels. The first would be physically
impossible without an enormous reduc-
tion of population elsewhere—in the
case of South Asia, by 86 percent from
present levels and even more from popu-
lation levels in the future. Income equal-
ity might be physically possible at some
time, but it is practically inconceivable
for any visible future. Starting at 1972
nominal levels (2), if per capita output
increased in India by 3 percent per year
and in the United States by only 1 per-
cent per year, it would take over 200
years to achieve equality.

Even if we assume that most people in
the world would like a U.S.-style diet,
Pimentel et al. incorrectly assume that
this goal would require ‘‘the use of U.S.
agricultural technology,”” which would
be impossible because of insufficiencies
of both land and energy. They neglect
the fact that U.S. yields per hectare are
far lower than European or Japanese
yields, a natural result of differing con-
stellations of availability and costs of
land, labor, energy, and other inputs.
For all cereal grains (3), U.S. yields in
1973 were 3680 kilograms per hectare;
Japanese yields were 5755 kg; those of
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the Netherlands were 4649 kg, and the
world average was 1898 kg. A purely
academic calculation shows that if all
land now planted in rice produced Jap-
anese yields, all land planted in wheat,
barley, rye, and oats produced Dutch
yields, and all land planted in corn
produced U.S. yields, the world output
of cereals from existing cultivated land
would be 3286 million metric tons—3859
kg per capita or 95 percent of U.S. con-
sumption. This is obviously not a realis-
tic possibility, but it demonstrates the
variety of ‘‘conclusions’’ that can be de-
rived from the manipulation of
coefficients.

As to possible expansion of culti-
vated land, Pimentel et al. cite the
United Nations Food and Agriculture
Organization (FAQO) Production Year-
book 1972 as evidence that nearly all the
world’s land presently suitable for culti-
vation is already in cultivation. Later,
they refer to suggestions for the possible
doubling of potential arable land. The
1974 World Food Conference in Rome,
in which the FAO, the U.S. Department
of Agriculture, and other expert bodies
collaborated, stated in their assessment

“@):

While in some developing countries the practi-
cal ceiling on land development may have
been reached, in a large part of the developing
world there remain land resources which ei-
ther are unutilized or are utilized in produc-
tive processes of very low returns. . . . All of
these regions suffer from specific limitations,
often connected with high rainfall and high
temperatures, but modern technology is in-
creasingly able to cope with the problems and
one may expect some very major devel-
opment programmes for cultivated land in
these regions. . .. Altogether it should be
possible to increase the arable area of the
developing regions from the 737 million hec-
tares of 1970 to nearly 900 million hectares by
1985.

Turning to energy, the authors extrap-
olate recent estimates of total per capita
U.S. energy use for food production,
processing, distribution, and preparation,
and arrive at the figure of 5 x 102 liters
of fuel equivalent as what would be
needed by ‘‘the use of the U.S. agricul-
tural technology to feed a world popula-
tion of 4 billion a high protein-calorie
diet for one year. . . .”” That is a grossly
misleading calculation on two counts: (i)
a high protein-calorie diet need not in-
volve the amounts of meat consumed in
the United States, nor the amounts of
grain feed for whatever meat is con-
sumed; and (i) of the total energy used in
the *‘food system,”’ only one-quarter (5)
is used on the farm and is relevant to
*‘agricultural technology.” A large frac-
tion of the other three-quarters is used in
processing, packaging, home refrigera-
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tion, and so forth—in other words, es-
sentially to improve consumer conveni-
ence rather than levels of food production
and consumption. In addition, as already
suggested, it would be absurd to apply the
labor-saving aspects of U.S. farm pro-
duction to low-income (and therefore low
labor cost) countries, even if they were
seeking an American diet.

Having thus derived an enormously
inflated figure for energy ‘‘require-
ments,’’ the authors repeat the 1973 er-
ror of comparing them with known re-
serves of petroleum only, rather than
with probable recoverable reserves of all
fossil fuels including coal. Adding coal
would expand the total by a factor of 5.

Similar comments can be made con-
cerning the extrapolation of water re-
quirements for corn or the energy re-
quirements for fishing. Calculations are
made based on possible sources of pro-
tein for a hypothetical population of 16
billion in the year 2135, as if no major
technological changes in protein produc-
tion or synthesis can be expected over
the coming 160 years.

It would be more helpful in illuminat-
ing the relationships among food, ener-
gy, and population to focus on the
coefficients in key food-deficit areas,
based on technology relevant to those
areas, and then to determine the differ-
ence alternative paths of population
growth (for example, for South Asia,
fertility rates of 40 or of 25 per 1000)
would make to production and consump-
tion potential. Such studies would, in all
likelihood, demonstrate dramatic dif-
ferences resulting from higher or lower
rates of population growth. But simple
extrapolations of irrelevant coefficients
distract attention from the real problems
of the real world.

LiNncoLN Gorpon, C. A. PRYor
Resources for the Future,
1755 Massachusetts Avenue, NW,
Washington, D.C. 20036
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The article by Pimentel ef al. is a
major step toward understanding rela-
tions among food supplies and popu-
lation. Their references to fisheries, how-

ever, may leave the reader with several
wrong impressions.

Pimentel et al. imply that the 1972-73
decline in world fish catches was due
principally to general overfishing. The
197273 decline was caused almost sole-
ly by a precipitous decrease in catches of
Peruvian anchovies, from over 13 million
metric tons in 1970 to 2 million metric
tons in 1973. Examination of world ma-
rine fish and shellfish catches—excluding
those of the Peruvian anchovy—since
1955 shows that there has been a reason-
ably uniform increase of about 4 percent
per year, about twice the rate for the
human population. While what happens
to the Peruvian anchovy is by no means
trivial in the world food picture, general
statements about world fisheries must
weight this special case appropriately.

The authors suggest that present over-
fishing is prejudicial to increases in fish-
eries catches. The exact opposite may be
the case. A good working definition of
overfishing is fishing at a level which
stresses the stock to a point where it
produces less than the maximum. The
stock can recover with appropriate man-
agement to produce the maximum. It is
quite possible that the present overfished
state of many stocks could mean that in
the future they will produce more than
they do now.

Pimentel et al. state that an estimate
that fish yield from the oceans might be
increased to 100 million metric tons is
probably overoptimistic. The estimate
they refer to was published in 1972, but
the assessment made for the United Na-
tions World Food Conference in late
1974 (1) says:

The [Indicative World Plan] estimated that
the annual potential yield of conventional ma-
rine species ... was of the order of 118
million tons, and subsequent assessments
have confirmed this figure of well over 100
million tons. . . .

A much larger total yield may be pos-
sible by harvesting less familiar marine
species. Harvesting and marketing of
these species on a large scale presents
serious technological problems, but
some experts have estimated that the
total sustainable harvest of all species
might be at least 300 million tons.
There are other ways in which the
production of food from the sea could be
increased. One is the diversion to the
food market of large amounts of fish used
for meal; the authors suggest this alterna-
tive. Total useful fish production could
be increased by millions of tons by elimi-
nation of waste. A great deal of fish is
thrown back into the sea because of lack
of markets or other reasons. Other large
amounts are lost by improper handling,
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preservation, and storage. Elimination of
waste in processing can also increase
yields substantially. While serious tech-
nological and economic problems make it
difficult to predict the future for aqua-
culture, the possibility of significant in-
creases by the year 2000 (or later)
cannot be discounted.

In other words, a 200-million-ton catch
appears quite possible by the year 2000;
it could provide at least 28 million tons
of protein. A 300-million-ton catch could
provide at least 42 million tons of pro-
tein, about equal to the amount projected
for livestock in 2000.

A last thought relates to the fossil ener-
gy needs for catching fish. Estimates giv-
en by Pimentel e al. are at odds with
Steinhart and Steinhart’s estimates (2)
that coastal fishing breaks even on calo-
ries expended versus the calorie yield,
and that even relatively inefficient dis-
tant water fishing consumes less than 20
calories for each calorie of yield; they
also conflict with Hirst’s conclusion (3)
that fish is one of the most efficient of
several major food groups in terms of the
ratio of primary energy use to protein
content.

In sum, Pimentel er al. have probably
seriously underestimated the contribu-
tion that aquatic foods can make to the
world food supply.

ROBERT W. SCHONING
National Marine Fisheries Service,
National Oceanic and Atmospheric
Administration, Department of
Commerce, Washington, D.C. 20235
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The projection by Schoning of a total
annual fish yield of 200 million metric
tons for the year 2000 is about double
that of other projections (/). We hope
Schoning’s projection is correct.

Schoning questions the 20 calories en-
ergy input per calorie of fish-protein out-
put. In spite of ‘‘Hirst’s conclusion,”
Hirst (2) reported an input of 27 calories
energy input per calorie of fish-protein
output. Hirst’s estimate is actually high-
er than the estimate we quoted (3) of 20
calories input per fish-protein calorie and
the estimate of Edwardson (¢) of about
21 calories input per fish-protein calorie.
A recent analysis by Rochereau and Pi-
mentel (5) concerning the Northeast fish-
eries of the United States suggests that
Northeast fisheries are far more efficient
than other fisheries. For the Northeast
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i i o e niernes| T D ultracentrifuge and
about our extrapolations. We empha-
tions which involve the inter-
dependencies of food, population, ener-
resources are fraught with many diffi-
culties. This is especially so when no one
any of the factors. Our assumptions were
stated and the resulting extrapolations
about energy and land constraints as
they relate to feeding a rapidly growing
set of assumptions, we projected that “*If
petroleum were the only source of ener-
the petroleum reserves solely to feed the
world population [4 billion], the 66,053
years.”’

With another set of assumptions or
been doubled to 26 years. Extending the
supply of a resource from 13 years to 26
tion, but neither projection is consoling
for future generations. As we stated in

we calculated 5 calories input per calorie
mentioned.

[ ]
sized in our 1975 article that extrapola- new vertlcal rotor.
gy, land, water, and other environmental
set of acceptable assumptions exists for
were made to provide some perspective
world population. Based on our selected
gy for food production and if we used all
billion liter reserve would last a mere 13
coefficients, the 13 years might have
years might be consoling to our genera-
our articles, ‘‘Numerous estimates . . .

are possible with the use of various com- Sorvall® OTD ultracentrifuges with oil turbine drive and
binations of population size, dietary Automatic Rate Controller are ideal for density gradient work.
standards. and production technology.™ The soft start and soft stop characteristics of the ARC and
but the one selected sufficed “‘as an ex- Reograd mode of deceleration prevent mixing of the gradient
ample of the limitations’" that face man- at speeds between 0 and 1,000 pm.
kind. With these features and the new Sorvall® vertical rotor,
We fully recognized the fact in both Sorvall® ultracentrifuges give high resolution with reduced
our articles that about half of the energy spin times. The rotor holds the tube at a fixed angle of 0° while
budget for corn replaces labor, and the the gradient reorients from horizontal to vertical. This means
other half is for productivity (see also 6). the particle must travel only the width of the tube, not the
This is documented and was the reason length. It also improves resolution by increasing the surface
we focused much of our attention on area and reducing the depth of the starting zone. In fact,
labor inputs and alternatives. the K factor calculated for the highest performance ultraspeed
Petroleum and natural gas are the two swinging bucket rotor is 45, while the K factor for the Sorvall®
important energy resources utilized by TV865 vertical rotor is only 10.
agriculture. The reserves of both of these The oil turbine drive eliminates failure-prone gears, belts
resources are in short supply. Petroleum and brushes. And Sorvall® OTD-50 and OTD-65 ultracen-
was often used because it is a conve- trifuges have self-contained cooling systems — eliminating
nient, familiar measure. Coal, if used for problems with hard water as well as installation of plumbing,
agriculture in the future, will compete filters, valves and gauges. Both are built with the high quality
with agriculture for a vital agricultural and attention to detail that have been characteristic of Sorvall®
resource—land (6). , centrifuges for years.
Gordon and Pryor question our using For more information on Sorvall® OTD ultracentrifuges,
corn as an average Crop for an energy just write Du Pont Instruments, Biomedical Division, Room
input-output analysis and extrapolation. 23707A, Wilmington, DE 19898

They base their argument strictly on the
fact that corn requires 2.5 times more
nitrogen than the average of other crops.
They apparently did not examine any of n P l ts .(] III ||:i)
the data in our table 1 of our 1975 article. “ ont nstl‘“men T
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have found that corn requires ‘‘roughly 1
gallon of gasoline per bushel of corn’’;
oats, 0.6; wheat, 1.2; and soybeans, 1.6
gallons per bushel. More crops could be
mentioned, but the point is that when all
the inputs are taken into consideration
and not just nitrogen, corn is a good
average crop.

Gordon and Pryor attribute to us the
conclusion that ‘‘population control in
densely populated, low-income regions
is of the highest priority.’” This is not our
conclusion. We stated that over-
population is a problem for the world as
a whole including the developed regions.

Then turning to energy used in the
U.S. food system, Gordon and Pryor
claim that only ‘‘one-quarter’” of the
energy in the ‘‘food system' is used in
agricultural production. They give as
their source an estimate that was pub-
lished in 1974 (7)., but this estimate is
based on no better data than our estimate
of ‘‘one-third.”” In addition, the U.S.
Senate Committee on Agriculture and
Forestry (8) reported that food produc-
tion is more energy-intensive than either
food processing or food distribution
based on the percentage of energy costs
compared with total costs of the activity.

Our extrapolations, although
‘‘simple,”” were based on ‘‘realistic
coefficients’’ that were selected to call
attention to the fact that high energy-
intensive U.S. agricultural technology is
generally inappropriate for ‘‘green revo-
lution agriculture.”” We hope that others
will examine the relationships that exist
among food, energy, and population, us-
ing the ‘‘numerous estimates’’ or
coefficients that are available. Unfortu-
nately, no matter how the coefficients
are manipulated either by Gordon and
Pryor, by us, or by others, the ‘‘real
problems of the real world”’ will not
disappear.

DaviD PIMENTEL
JouN KRUMMEL
WILLIAM DRITSCHILO
College of Agriculture and Life
Sciences, Cornell University,
Ithaca, New York 14853
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