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A New Force in High- 
Latitude Climate 

The Arctic Oscillation is vying to be seen as the prime mover of high-latitude 
climate shifts, and may even be an agent of greenhouse-induced warming 

El Nifio, the periodic warming of the tropi- 
cal Pacific that roils rainfall patterns from 
Indonesia to Brazil and the Horn of Africa, 
is the undisputed king of climate shifts. But 
although El Nifio's reach extends to lati- 
tudes as high as North America, some re- 
searchers are concluding that an oscillation 
of another sort holds sway over climate in 
high-latitude parts of the globe. 

According to new analyses by a pair of 
meteorologists, an erratic atmospheric see- 
saw, which alternately raises pressures 
over the pole and in a ring passing over 
southern Alaska and central Europe, is the 
master switch for climate over high north- - 
ern latitudes. When this Arctic 
Oscillation, or AO, is in its so- 
called positive phase, pressure 
drops over the polar cap and rises 
in high latitudes around 55 de- 
grees, which in turn strengthens 
westerly winds there. Ocean 
storms steer more northerly, wet- 
ting Scandinavia and Alaska, for 
example, and drying Spain and 
California. Ocean warmth blows 
into Eurasia, thawing Moscow. 
After weeks or years, the A 0  
flips to the opposite phase, re- 
versing these climate ex- 
tremes-wetting Spain and chill- 
ing Moscow. 

Meteorologists David Thom~- 

seesaw of atmospheric pressure between 
Iceland and Lisbon (Science, 7 February 
1997, p. 754) that skews climate near the 
North Atlantic but not the North Pacific. 
"The NAO is just a regional manifestation 
of the AO," says Thompson. Wallace calls 
recognition of the A 0  "a paradigm shift in 
the way we think." 

Some other atmospheric scientists agree 
that he and Wallace are onto something big. 
"This A 0  is a significant mode of variabili- 
ty," says meteorologist David Karoly of 
Monash University in Clayton, Australia. 
But others point to uncertainties in the data 
and suggest that Thompson and Wallace are 

sure difference in turn causes the winds to 
oscillate in strength. A stratospheric vortex 
swirls all the way around the North Pole too, 
but there was no such obvious ring in the 
troposphere, only the NAO's north-south 
pressure seesaw over the Atlantic. 

Yet computer models of the atmosphere 
implied that the complete oscillating ring 
should be there. "You strip the models 
down to the barest essentials and the [annu- 
lar winds] are still there," says Wallace. 
"They're very, very fundamental," even 
though it's hard to tell what is driving them. 

But if these oscillations are so funda- 
mental, where were they in the Northern 
Hemisphere troposphere? Thompson and 
Wallace sought them in the latest, most 
complete compilation of weather data from 
weather stations and balloons from 1900 to 
1997. From the surface to the top of the 
troposphere, they found the seesaw pattern 
of the NAO. And for the first time, they 
also found another part of the ring: The tro- 
posphere over the northern North Pacific 
pulsed in time with that over the North At- 
lantic, so that the climate of both places 

varied in synch. Parts of the ring over 
land masses are still missing, but 
Thompson and Wallace put that down to 
obstacles like the Rocky Mountains and 
the Tibetan Plateau and to temperature 
contrasts between land and sea that can 
disrupt weather patterns. In a paper pub- 
lished in Geophysical Research Letters 
last year, they dubbed the pattern the 
Arctic Oscillation. 

According to Thompson and Wal- 
lace's analysis, the A 0  explains northern 
climate better than the NAO alone. When 
the high-latitude tropospheric winds of 
the A 0  are strong, they blow the ocean's 
warmth onto the continents, moderating 
winter chill in northern Canada and 
Eurasia; weaker winds let the continents 

u 

son and John M. Wallace of &e Icebreaker. The Arctic Oscillation may be behind the melting cool. over 30 winters, Thompson and 
University of Washington, Seat- found by the Arctic mission SHEBA last year. Wallace found that the AO's varying 
tle, think the A 0  is a natural at- . winds accounted for 42% of Eurasian 
mospheric response that can change minor 
perturbations into major climate shifts. Re- 
searchers are still analyzing many possible 
triggers for the AO, but whatever its cause, 
understanding it is "going to help make 
sense out of" high-latitude climate vari- 
ability, says Wallace. The pressure oscilla- 
tion has largely been stuck in the same 

p phase for decades, for example, and may 
2 be responsible for an ominous warming 

trend in the high-latitude Northern Hemi- 
sphere that has been viewed as a sign of 

3 human-induced warming. 
8 Thompson and Wallace add that the A 0  c 
{ also seems to encompass a smaller scale os- 
g cillation already recognized as the reigning 
g climate maker in the North Atlantic region: 

the North Atlantic Oscillation or NAO, a 

just seeing the effects of the NAO, whose 
climatic impact is largely limited to the 
North Atlantic and northern Eurasia. "I 
think the A 0  and the NAO are largely the 
same thing," says meteorologist James Hur- 
re11 of the National Center for Atmospheric 
Research (NCAR) in Boulder, Colorado. 

The AO, if it's real, has a counterpart in 
the Southern Hemisphere, which is why 
Thompson and Wallace went looking for it 
in the first place. In the Southern Hemi- 
sphere, westerly winds in the troposphere- 
the lowermost 10 kilometers or so of atmo- 
sphere-form a complete ring around a lati- 
tude of about 55", as do the overlying strato- 
spheric winds. Atmospheric pressure in the 
polar region and in the encircling ring rises 
and falls in a seesaw fashion, and this pres- 

wintertime temperature variation, while the 
NAO's explained only 32%. And in a paper 
in press in the Journal of Climate, Thomp- 
son and Wallace detail the AO's strong re- 
semblance to the long-studied southern an- 
nular oscillation, which they now call the 
Antarctic Oscillation or AAO. In both 
hemispheres, they found, when the pressure 
over the poles falls, high-latitude westerlies 
strengthen, high latitudes are unusually 
warm, the polar caps are cold aloft, and the 
stratospheric vortex intensifies; as a side ef- 
fect, the stratospheric cold helps destroy 
ozone in the springtime, deepening polar 
ozone losses. 

Reaction to the AO's debut has been 
mixed. "I think it's real," says climate mod- 
eler Ngar-Cheung Lau of the Geophysical 
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