Mapping Orbital Effects on Climate

Paleoceanographers ave tracing the global chain of events that must lead from the vaviations
in the eartlh’s orbit and axial motions to climate change

H AVING shown that subtle changes
in the way sunlight falls on the
earth can induce climate change,
paleoceanographers are now putting that
fact to work. They are using it to decipher
how this relatively feeble influence can work
its way through the climate system of air,
land, water, and ice to produce climate
change as dramatic as the coming and going
of ice ages. Early results suggest a role for
changes in deep ocean circulation, perhaps
involving a carbon dioxide greenhouse ef-
fect, in warming an ice-bound earth.

At last months Second International
Conference on Paleoceanography,* John
Imbrie of Brown University made the main
pitch for Milankovitch cycles, the varying
distribution of solar radiation over the earth
due to changes in its orbit and orientation,
as the key to understanding climate change
over past millennia. Imbrie heads the spec-
tral mapping (SPECMAPD) group that has
been isolating the climate effects of each of
the three Milankovitch cycles from the jum-
ble of climate changes recorded in marine
sediments. “It is virtually impossible to un-
derstand what is going on,” says Imbrie,
“unless you separate out” the various Milan-
kovitch cycles.

That is a far more difficult task than, say,
separating the effects of cycling between
night and day from those of the seasons,
Imbrie notes. Although Milankovitch cycles
account for 80% of the climate variability on
time scales of 20,000 to 100,000 years, they
have such similar periods—roughly 23,000,
41,000, and 100,000 years—that when su-
perimposed on each other the role of any
one cycle is difficult to measure. The danger,
says Imbrie, is that seemingly similar cli-
mates, such as the present warm interglacial
period and the one that preceded the most
recent ice age, must inevitably be driven by
different combinations of the three cycles.

After using individual Milankovitch cycles
like clocks to produce a time scale of unprec-
edented accuracy, SPECMAP researchers

*Second International Conference on Paleoceanography,
held 6-13 September in Woods Hole, Massachusetts.
Abstracts with program are available at a cost of $12 per
copy from Rescarch Librarian, Woods Hole Oceano-
graphic Institution, Woods Hole, MA 02543.
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Tilting away from an icy world. Tl first climatic vesponse to the changing tilt of the
earth’s axis of votation lags maximum tilt by up to 5000 years, or 45° of the 360° in each
41,000-year cycle. This vesponse is a change in deep ocean circulation possibly involving addition
of carbon dioxide to the atmospherve. Subsequent vesponses, mapped heve by sediment cove sites,
ave poleward shifts of warm water (45° to 65° lag), a winimum tn ice sheet volume (77° lag),
and the warmest response of bigh latitude oceans (85° to 105° layg). X's mean no vesponse.

are moving in two new directions. One is
the use of a greater variety of climate indica-
tors, as was evident in the talk given by
Warren Prell of Brown University and his
SPECMAP colleagues. They have been
studying the waxing and waning of the
tropical monsoon during the past 150,000
years under the influence of the earth’s
orbital precession. Precession is the 23,000-
year cyclic drift in the direction in which the
carth’s axis points.

Variations in four different monsoon cli-
mate indicators—two related to the strength
of monsoon winds over the ocean and two
reflecting relative amounts of monsoon rain
over land—have kept the same rhythm as
the modulation of solar radiation by preces-
sion, the group found. Such coherence indi-
cates a direct causal link between precession
and climate over both land and sea. The
monsoon and its rains strengthened in re-
sponse to increasing solar insolation during
the summer that further warmed the land
and accelerated the resulting updraft that
drives the monsoon, but that rhythmic re-
sponse was not necessarily in perfect step
with the Milankovitch cycle. The monsoon
wind over the Arabian Sea took about 3000
years to reach its maximum after insolation
reached its maximum; thus, it is possible

that the warm water present in the adjacent
Indian Ocean during glacial periods weak-
ens the monsoon for a time.

In the equatorial Atlantic, an apparent
temperature effect actually precedes maxi-
mum tilt, but it coincides with a similar
effect far to the south in high latitudes. So,
instead of being solely under the influence of
local winds, equatorial Atlantic waters may
respond to surface currents that cross the
South Atlantic from high southern latitudes.

The other new direction for SPECMAP
researchers is the extension of their analysis
to a global scale. Imbrie reported prelimi-
nary results from 22 deep-sea sediment cores
scattered somewhat unevenly about the
world’s oceans. Analyses were made of the
stable oxygen isotope composition of all
cores, providing a record of the volume of
glacial ice in the world. Oxygen isotopes
also allow precise dating of all samples by
providing a link to the SPECMAP time
scale. Some but not all of the 22 cores were
analyzed for other climate and climate-relat-
ed indicators—the abundance of microfos-
sils of surface-dwelling organisms that pre-
ferred a certain water temperature, the cad-
mium contents of microfossils that can be
used to gauge the vigor of deep-sea circula-
tion, and the composition of stable carbon
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isotopes of microfossils. This indicator re-
mains controversial, but it apparently pro-
vides a measure of atmospheric carbon diox-
ide or some other ocean-related aspect of the
carbon cycle.

In cach of the three Milankovitch cycles,
Imbrie showed how the sequence of events
in the climate system with respect to the
known driving force, the change in insola-
tion, might lead to understanding how the
system works. In the case of the 41,000-year
cycle of the amount of tilt of the earth’s axis,
the first response to maximum tilt and thus
the warmest summers is a 5000-year-long
increase in the flow of newly formed deep
water southward through the Atantic and
in the carbon dioxide added to the atmo-
sphere from the ocean. Only after this phase
do warm surface waters push into high
latitudes in both hemispheres. By about
9000 years after maximum tilt, the ice sheets
have had time to shrink to their minimum
size. A few thousand years later the high-
latitude North Atlantic finally warms, hav-
ing been kept cold longer by meltwater from
the North American ice sheet.

The apparent increase in atmospheric car-
bon dioxide in the first phase of the response
to maximum tilt was first noted by Nicholas
Shackleton of the University of Cambridge
and Nicklas Pisias of Oregon State Universi-
ty. They found that Milankovitch insolation
changes might be able to elicit such carbon
dioxide increases and the resulting green-
house warming to amplify their effect on
climate. SPECMAP results reveal a similar
four-phase sequence of effects led by carbon
dioxide and deep-water flow in the cycle of
the earth’s orbital eccentricity, which modu-
lates the earth-sun distance at a given time of
year. How the eccentricity cycle, the weakest
of the three, managed to produce the largest
climate changes, the ice ages themselves, has
always been a mystery, Imbrie noted. Car-
bon dioxide could be a crucial intermediary.
The appearance of the carbon dioxide in-
crease and deep-water circulation changes
about 15,000 years before maximum eccen-
tricity suggests to Imbrie that there is some
threshold above which the eccentricity effect
takes hold.

Aside from many more analyses from
more cores, the SPECMAP approach lacks
one major clement—some measure of how
wind patterns respond to Milankovitch cy-
cles. Analysis of wind-blown dust in marine
sediments offers promise of filling that
gap. m RicHARD A. KERR

ADDITIONAL READING

R. A. Kerr, “Orbital variation—ice age link strength-
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past million years,” ibid. 221, 1041 (1983); “Carbon
dioxide and the control of ice ages,” ibid. 223, 1053
(1984).

284

Briefing:

OTA Touts Advanced
Structural Materials

Advanced materials rank with informa-
tion technology and biotechnology as one of
the three most important “high-tech” indus-
tries of the future, according to a newly
released technical memorandum from the
congressional Office of Technology Assess-
ment (OTA).* In particular, advanced ce-
ramics and polymer matrix composites are
expected to play an increasing role in the
industrial world as structural materials dur-
ing the next 25 years and may be one key to
maintaining the international competitive-
ness of the United States in manufacturing.

Structural materials can be roughly divid-
ed into metals, ceramics, and polymers.
Moreover, it is possible to form composites
comprising a matrix of one type of material
that is reinforced with particles or fibers of
another type in the hope of combining the
best properties of each. While metals have
been the dominant structural material up to
now, advanced ceramics and composites are
already in limited use and are looming ever
more important. The OTA technical memo-
randum is part of a larger study still in
progress that will also examine policy op-
tions for accelerating the commercial use of
these materials.

In sum, the report, which concentrates on
ceramics, ceramic matrix composites, and
polymer matrix composites, puts the impor-
tance of these materials into perspective,
surveys the prospects for their use in com-
mercial products, and outlines priorities for
the research needed to ensure their timely
development. For both ceramics and com-
posites, the prime need is low-cost methods
of fabricating materials with the desired
properties.

Advanced ceramics are of interest for their
superior resistance to wear, strength at high
temperatures, and chemical stability. Their
main disadvantage is their brittleness, which
makes them susceptible to fracture. “Unpre-
dictable failure caused by poor control over
flaw populations is the most serious handi-
cap to the use of structural ceramics in load-
bearing structures,” says the report.

At present, ceramics, such as alumina,
silicon nitride, and silicon carbide are used
for wear parts, cutting tools, bearings, and
coatings. In the near term (10 to 15 years),

*U.S. Congress, Office of Technology Assessment, New
Structural Materials Technologies: Opportunities for the Use
of Advanced Ceramics and Composites—A Technical Mem-
orandum, OTA-TM-E-32, September 1986, available
from the Government Printing Office, Washington, DC
20402.

the most important uses are expected to
include bioceramics for dental and orthope-
dic implants and so-called chemically bond-
ed ceramics (advanced concretes) for con-
struction applications. Although discrete ce-
ramic components for automobile engines
may also appear in the near term, the Holy
Grail of a ceramic gas turbine or diesel will
come much later at a time dictated by the
pace of government funding.

Polymer matrix composites are organic
polymers that contain short or continuous
fibers of another material. The fibers in-
crease the stiffness and strength of the mate-
rial along the direction of the reinforcement,
but do not substantially increase the weight
of the light polymer. The main disadvantage
of polymers is a low service temperature,
currently a litde over 300°C with some
prospect of someday reaching above 425°C.

Acrospace  applications dominate the
present market for polymer matrix compos-
ites, which is heavily oriented toward the
military, although sporting goods (tennis
rackets and golf clubs) are also an important
segment. In the next 10 to 15 years, the
materials could account for more than 65%
of the weight of large transport aircraft.
Moreover, limited production of composite
automobile body frames could begin. Ulti-
mately, construction applications, including
bridges and buildings, and use of composite
polymers in space vehicles and stations are
envisioned.

The world market for advanced structural
ceramics in 1983 was estimated at $250
million. Various projections for the Ameri-
can market by the end of the century range
from $1 to $5 billion. Comparable figures
for polymer matrix composites are $1.4
billion for the value of worldwide sales in
1985 and nearly $12 billion by the year
2000. However, the report emphasizes that
ceramic and composite parts are only com-
ponents in large systems, such as automo-
biles and aircraft. Hence, “the materials have
a significance to the economy far beyond the
value of the materials themselves.”

Because of this leverage effect, the report
expressed some concern over the poor trans-
fer of information from government labora-
tories to private industry. The report also
recommended an increased industrial invest-
ment in research, development, and com-
mercialization of ceramics and composite
materials. By contrast, it noted the long-
term commitment and well-coordinated ef-
fort of Japanese companies to make ad-
vanced ceramics, to use them in commercial
products, and to develop markets for these
products. The projected large markets for
products based on ceramics and composites
cannot be taken for granted, concludes the
report. @ ARTHUR L. ROBINSON
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