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(3). This test, which uses a chemilumines-
cent reporter group and sensitive Polaroid
film, is highly accurate and suitable for use
in the local pharmacy. Another diagnostic
test under development by Biota Holdings
(Melbourne, Australia) and BioStar (Col-
orado, USA) uses a silicon chip biosensor
and optical immunoassay technology (3).
The chip has antibodies to flu A and B nu-
cleoproteins attached to its surface, and the
refractive index changes if these antigens are
present in the test sample, yielding a purple
color easy to see by eye. Both of these tests
give a result in no more than 20 min.

It is doubtful whether vaccination would
be useful in controlling an influenza pan-
demic, at least in the early stages. Such an
exercise was, in fact, attempted in January
1976, when a swine flu outbreak occurred
among army recruits at Fort Dix, New Jer-
sey (4). It was thought that the 1918 “Span-
ish influenza” virus might have returned,
prompting President Ford to authorize the
expenditure of $350 million to “vaccinate
every man, woman, and child in the U.S.A.”
This mass vaccination program experienced
a number of problems—low antibody titer,
vaccine side effects, and litigation tan-
gles—that could happen again if such an
exercise were ever to be repeated. (The ex-
pected pandemic never materialized.)

The influenza vaccines currently in use
are inactivated subunit vaccines containing
hemagglutinin and neuraminidase ob-
tained from various strains of cultured flu
virus. They are reasonably effective
against the strain used to make the vaccine
and are cost-effective. However, it would
be difficult to make, test, and safety-test
enough vaccine in time to protect many

people against a new virus. Vaccines cur-
rently being developed may show more
promise. These include vaccines prepared
by reverse genetics, DNA vaccines, vac-
cines against the conserved regions of the
M2 ion channel of the flu virus, and even
vaccine “cocktails” containing all known
hemagglutinin subtypes.

But the most promising first line of de-
fense does seem to be antiviral drugs, and
of those currently available, the neur-
aminidase inhibitors, although expensive,
appear to be the best. Use of these drugs in
the face of an exploding influenza epidem-
ic would, however, be beset with immense
social, political, economic, and logistical
problems. For the drugs to be of any use,
huge quantities would need to be immedi-
ately available, and means for their rapid
distribution would need to be in place be-
forehand. Supplies of these drugs at the
moment are woefully inadequate. In addi-
tion, the companies producing the drugs
now seem to have a diminished interest in
influenza—possibly because the last flu
season was the lightest for many years, and
little demand for neuraminidase inhibitors
meant few sales and meager profits for the
pharmaceutical companies involved. The
concept that it is hard to sell umbrellas in a
drought seems to have escaped them!

Imagine the following: Somewhere in
China, an influenza virus, subtype H9N2,
suddenly acquires the ability to infect hu-
mans. The virus is highly infectious and
highly transmissible, although the disease
it causes is fairly mild. Because of this,
perhaps, the identity of the new strain is
determined only after it has infected a large
number of people in China. Some of them

carry the new virus into Hong Kong, others
into Taiwan, and still others into a number
of other countries. There is an explosive
pandemic, much social and economic dis-
ruption, and a good deal of misery among
the victims. Rapidly growing strains of the
new virus are created, and vaccine produc-
tion starts but progresses slowly. The neur-
aminidase inhibitors Relenza and Tamiflu
are eagerly sought but are in very short
supply. Who should get these new drugs?
Health care workers and those in essential
services, obviously, but who will identify
them? Even then, there will not be nearly
enough of the drugs for all those who need
them in the developed world, let alone the
rest of the world’s population.

The answer seems to be: Stockpile
these drugs now, in huge quantities. Their
shelf life has not yet been determined, but
they are simple chemical compounds and
there is no reason to suppose they are not
stable. In any case, it would be possible to
replace the stockpile every 5 years or so.
The cost of making the drugs, as opposed
to the prices the pharmaceutical compa-
nies charge consumers, would not be exor-
bitant. Such an expenditure by govern-
ments would be a worthwhile investment
in their defense against this debilitating
and often deadly illness.
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S C I E N C E ’ S C O M P A S S

T
he Intergovernmental Panel on Cli-
mate Change (IPCC) this year con-
firmed a global mean warming of 0.6

± 0.2°C during the 20th century and cited
anthropogenic increases in greenhouse gas-
es as the likely cause (1). However, this
mean value conceals the complexity of ob-
served climate change. If the recent past is
a guide to the future, regional climate
changes will have more profound effects
than the mean global warming suggests. 

Global maps of observed climate
change reveal a complicated pattern.
Trends in mean annual air temperature for
1950–98 indicate three areas of particular-
ly rapid regional warming, all at high lati-
tudes (2): northwestern North America
and the Beaufort Sea, an area around the
Siberian Plateau, and the Antarctic Penin-
sula and Bellingshausen Sea. The last area
provides a valuable case study, remote
from the complications of urban warming
and sulfate aerosols. 

The mean temperature trend for all
Antarctic stations for 1959–96 is +1.2°C
per century (3), well above the global
mean. Regional responses have, however,

varied widely. Annual air temperatures
have cooled at Amundsen-Scott base at the
South Pole since 1958 (4) but have
warmed on the Antarctic Peninsula (see
the first figure) since reliable records be-
gan in the 1950s (3, 5). The longest
records from the peninsula (4) show a
warming in the northwest Antarctic Penin-
sula that is considerably larger than the
mean Antarctic trend. The shorter records
(4, 6) suggest that the warming extends
further south and east. Antarctic Peninsula
records are too short to show when the
rapid regional warming began. However,
warming at Orcadas began in the 1930s,
and annual temperatures at Orcadas corre-
late well with the Faraday record. Warm-
ing in the Antarctic Peninsula may thus
have begun at a similar time.

The importance of this recent rapid re-
gional warming is highlighted by its impact
on the local environment, such as expand-
ing ranges of flowering plants (7), retreat-
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ing glaciers (8), and shrinking
seasonal snow cover (9). A reor-
ganization of penguin distribu-
tions is now also attributed to
rapid regional warming, rather
than overhunting of baleen
whales, as was once thought (10).
Adélie penguins, which require
access to winter pack ice, are de-
clining around Faraday, whereas
chinstrap penguins, which usually
require open water, are increas-
ing. The rookeries vacated by 
the Adélie penguins
seem to have been
occupied continuous-
ly for ~644 years, and
there is no evidence
that chinstrap pen-
guins were present
more than 20 to 50
years ago.

This evidence alone
may not be strong
enough to convince us
that the recent warming is exceptional. But
other climate proxies tell the same story.
Three of the four ice cores from the
Antarctic Peninsula show a rise in temper-
ature over the past 50 years (11). There is a
99% likelihood that the recent warming is
exceptional compared with any part of the
500-year period recorded in the longest of
these records. 

Further evidence comes from the retreat
of ice shelves, long predicted to result from
warming in the Antarctic Peninsula (12).
Rapid regional warming has led to the loss
of seven ice shelves during the past 50
years (13). The Prince Gustav Channel ice
shelf collapsed in 1995. Sediment cores
show that during the period from ~6000 to
1900 years ago, the ice shelf was absent
and climate was as warm as it has been re-
cently. Since 1900 years ago, the shelf was,
however, continuously present until it dis-
appeared in 1995 (14). A similar pattern
was observed in undated sediment cores
from the area formerly covered by the
Larsen Ice Shelf (15) and in microfossils
records from Lallemand Fjord (16) on the
west coast of the peninsula.

The recent rapid regional warming in
the Antarctic Peninsula is thus exceptional
over several centuries and probably un-
matched for 1900 years. It may be tempt-
ing to cite anthropogenic greenhouse gases
as the culprit, but to do so without offering
a mechanism is superficial.

A plausible mechanism must explain
how the climatic response is amplified in
this area. It must also reduce sea-ice cover
around the Antarctic Peninsula, the only
region of Antarctica that shows strong an-
nual (17) and long-term correlations be-

tween sea-ice concentration and air tem-
peratures. Sporadic observations from
whaling ships provide some evidence for
mid-20th century retreat of summer sea
ice (18), but detailed observations are only
available for the satellite era. In
this period (1979–99), there was a
major reduction in sea-ice dura-
tion in the Bellingshausen Sea,
with a maximum change that co-
incided with the maximum warm-
ing trend around Faraday and
Rothera (19).

At least three candidate mech-
anisms may explain the recent
warming on the Antarctic Penin-
sula. First, changing oceanograph-
ic circulation may have brought
relatively warm Circumpolar
Deep Water onto the continental
shelf (20). As melting glacial ice
and tidal processes mixed the
Deep Water through the water col-
umn, sea-ice production was re-
duced, causing warming. Second,
large-scale atmospheric circula-
tion over the Antarctic Peninsula
may have changed since the 1950s
(21), advecting warmer air into
the area. Changing sea ice would
then be simply a consequence of
atmospheric warming. Third,
global mean warming may be am-
plified by a regional sea-ice–at-

mosphere feedback restricted to the
Antarctic Peninsula by the unique sea-ice
conditions.

Because we cannot distinguish between
these widely differing mechanisms, we
have no basis for predicting future
changes, even if we accept that the recent
warming is exceptional. Can global circu-
lation models (GCMs) help determine the
mechanism?

Some GCMs do show a sea-ice–atmo-
sphere feedback (22). However, when the
atmosphere-ocean GCM HADCM3 was
driven by historic CO2 trends, the results
showed only slight warming on the
Antarctic Peninsula over the past 50 years
(see the second figure). This slight warm-
ing could be compatible with the lowest
estimate of the Faraday trend, but this is
unconvincing. And HADCM3 is no worse
in reproducing recent rapid regional
warming than other GCMs (23). Many
GCMs reproduce the observed large-scale
changes in surface temperature over the
20th century, but they do not yet repro-
duce regional changes.

The recent warming on the Antarctic
Peninsula has been a profound climatic
change, an order of magnitude greater than
global mean warming, over an area similar
in size to the mainland United Kingdom.
Yet we do not know the mechanism that
caused it and cannot predict whether it will
continue. This suggests that we do not yet
have tools to predict potentially socially
significant regional climate changes in the
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Spot the regional trend. Changes in mean annual tem-

perature 1.5 m above the surface of Antarctica and the

Southern Ocean from the HADCM3 model driven by ob-

served greenhouse gases concentrations for 1950–2000.

The model cannot reproduce the observed rapid regional

temperature changes.
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next 100 years. For national adaptation
planning to be properly targeted, we must
achieve competency in predicting regional
climate changes through a better under-
standing of regionally specif ic climate
processes.
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T
he Moon, long a most mysterious
object, has in the past decade come
under close scrutiny from orbital

spacecraft. In 1994, the Clementine mis-
sion mapped its global topography and
color (1). Four years later, the Lunar
Prospector spacecraft mapped its chem-
istry and gravity from a lower orbit (2).
These missions have greatly advanced our
understanding of the global distribution of
elements and rock types at the lunar sur-
face. A picture of the Moon’s structure and
history is emerging that challenges some
long-held views and confirms others.

Before the two orbital missions, knowl-
edge about lunar surface chemistry was
largely based on samples brought back by
the Apollo and Luna missions. These sam-
ples showed that the Moon’s highlands are
rich in aluminum and poor in iron and
magnesium (3). The new data confirm this
picture on a global scale, with some subtle
but important variations.

Huge regions of the highlands are ex-
tremely low in iron (see the figure). These
regions are believed to be composed of an
aluminum-rich rock type called anorthosite,
the only low-iron rock type found on the
Moon. Anorthosite forms when molten
rock crystallizes slowly, allowing low-den-
sity, aluminum-rich minerals to float to the
top of the magma body. The abundance of
anorthosite in the highland crust strongly
supports the notion that the Moon’s outer-
most layer was once nearly completely
molten, forming a “magma ocean” (3).

The isotopic composition of lunar
anorthosite samples indicates that the
magma ocean must have occurred early in

the Moon’s evolution, while the Clemen-
tine data show that it was a global event.
The only known source of sufficient heat
for such an event is very rapid accretion,
as expected if the Moon formed as a result
of a giant impact between Earth and a
massive asteroid (4). The global iron data
provided by the Clementine mission thus
support both the model of the lunar mag-
ma ocean and the popular giant impact
model for lunar origin.

Much of the highland surface is iron-
poor, but some zones appear enriched in
iron, especially the floor of the huge South
Pole–Aitken basin, a 2600-km-diameter

impact structure centered on the southern
far side (see the figure). The basin floor
material is also enriched in titanium and
the trace element thorium (5). In contrast
to the iron-rich basin floor, the surround-

ing highlands are high in alu-
minum and low in iron.

These observations sug-
gest that the large impact
stripped off the upper alumi-
nous crustal layer, exposing
iron-rich material underneath.
The lunar crust may thus be
stratified, with a lower crust
that is richer in iron, titani-
um, and thorium and less
anorthositic than the upper
crust. Such a crustal structure,
combined with evidence from
the Apollo samples, supports
the idea that the Moon has a
complex igneous history,
with crust-forming magmatic
events after the magma ocean
had ceased to exist.

Basaltic volcanism is re-
sponsible for the lunar maria—
the dark, smooth plains that fill
ancient basins on the Moon.
This volcanism must have oc-
curred after the magma ocean
had solidified. Mare volcanism
is caused by the remelting of

iron-rich cumulate rocks, deep in the lunar
mantle (below 400 km). Volcanism was ac-
tive from 4.3 billion years ago to at least 3
billion years ago (the youngest basalts in the
Apollo collection); unsampled lavas may date
from less than 1 billion years ago (3).

Clementine and Lunar Prospector data
show that the titanium content of the maria
varies by over an order of magnitude. The
very high-titanium mare basalts first re-
turned from the Moon by the Apollo 11
mission over 30 years ago turn out to be
rare, although they are abundant in Mare
Tranquillitatis (sampled by Apollo 11).
Impact craters that penetrate the iron-rich
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Global distribution of iron on the Moon. These maps are de-

rived from Clementine color images by using the ratio of the

950- and 750-nm images and empirically calibrating the results

against the “ground truth” supplied by the Apollo and Luna

samples (8, 9). The iron distribution is expressed as percentage

of FeO in weight. Large regions of the Moon are very low in

iron, supporting the magma ocean model for crustal formation.

The large quasi-circular area of elevated iron content on the far

side is the South Pole–Aitken basin, the largest known impact

crater in the solar system. The elevated iron in this area, and the

corresponding low-iron zone surrounding the basin rim, suggest

that the lower crust of the Moon is exposed in the basin floor

and is more iron-rich than the upper crust.

The author is at the Lunar and Planetary Institute,
Houston, TX 77058, USA. E-mail: spudis@lpi.usra.edu


