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The Devil in the Deep Blue Sea

Scientists fear that the Gulf Stream - the immense, enigmatic force behind ferocious weather and mild climate - is being remade. The effects could be profound.

By Anthony R. Wood, Inquirer Staff Writer, Posted on Sun, Dec. 18, 2005

(First of three parts)
Hundreds of miles from any land, the waters of the North Atlantic suddenly developed an oddly deep-blue hue and turned incongruously warm.

Patches of peculiar brown seaweed rode the surface, and the ocean brewed mild, damp winds that the muscular 20-year-old could feel on his skin.

To the sailor, Benjamin Franklin, it was a puzzle, one that would baffle and bedevil him for decades.

It would take him 40 years to figure out what he had encountered back in 1726. He had crossed a moving, meandering mass of warm water, 300 times stronger than the flow of all the rivers emptying into the Atlantic Ocean. It was a force more powerful than a million nuclear plants.

Franklin would call it "the Gulf Stream," following the lead of generations of whalers.

It was a current that over the centuries would conspire to scuttle countless hundreds of ships, hurtle a boatload of Florida-bound Haitian refugees to Nova Scotia, and, more recently, deposit tropical fish on the shores of New Jersey and Rhode Island.

Scientists now know that Franklin had crossed a climate divide, one that made the weather of the New World as different from the Old as the Delaware from the Thames. In the 17th century, William Penn had marveled how the Philadelphia sun was stronger and the days longer, yet the winter air more biting than London's - 700 miles farther north.

Today, on the eve of the 300th anniversary of Franklin's birth, scientists worry that the world is crossing yet another climate divide. They see disturbing evidence of change. All of the 10 warmest years on record have occurred since 1990; after Katrina set new standards for devastation, the hurricane season that ended 19 days ago went on to exhaust the alphabet; water temperatures in the North Atlantic and the Gulf of Mexico have been near record highs; Arctic ice is melting at alarming rates.

Scientists see signs that the grand North Atlantic "conveyor belt," the marvelously complex system that exports the equator's heat toward the North Pole and helps balance the planet's temperature, may be slowing.

"This is going to be one of the big issues facing humans in this century," says Ruth Curry, a researcher at the Woods Hole Oceanographic Institution.

The North Atlantic has become a hot ocean for global-warming research, and the narrow but potent ribbon of current known as the Gulf Stream is at center stage.

Just what is this mysterious force, and why is it so important?

Only in the last generation have scientists come to a deeper understanding of the stream. Now they have a new urgency to find answers - answers that don't come easily, for the stream has been reluctant to give up its secrets.

It has prowled the Atlantic for 60 million years, as inscrutable as it is magnificent.

Of whales and Englishmen

In the 1760s, about 40 years after that first encounter with the mysterious blue water, Franklin was in London serving as deputy postmaster for the colonies - and doing so with the same imagination and energy that he apparently applied to everything.

He had recently introduced an important innovation, a fleet of "packet ships" to deliver mail across the Atlantic. Unlike the heavy cargo ships that didn't leave port until they were full, the packets adhered to schedules. The packets were also lighter and faster than the freighters and used smaller crews.

But a mysterious force was outwitting the great innovator. Inexplicably, the cargo ships were completing the mail runs to the colonies 17 days quicker than the packets. Franklin was flummoxed.

He was told that some of the captains were dawdling because they were unhappy with their pay. He sought a second opinion from his cousin, Timothy Folger, a Nantucket whaling captain and dealer in sperm-whale oil who frequently visited London on business.

Can you explain this, Franklin asked.

Easily, Folger said.

Unlike the savvy freighter captains, the British packet captains obviously knew nothing about the Gulf Stream, which was the lifeblood of his whale hunters. The borders flanking the swift, steady current worked for whales like a superhighway, complete with rest stops. Plankton flourished at the boundaries of warm and cold water. Fish ate the plankton. Whales ate the fish.

In following their quarry, Folger's whalers were tracing the outlines of the Gulf Stream.

The whalers often ran into British packet captains, who evidently were no match for the whales in terms of navigational intelligence. They were trying to buck the stream.

Even with a favorable breeze, Folger told his cousin, "they are carried back by the current more than they are forwarded by the wind." If the mail packets got caught in the stream, that would explain why it took them so long to make deliveries.

Folger's whalers often advised the British captains to get out of the current that they called the Gulf Stream, "but they were too wise to be counseled by simple American fishermen."

The British captains had their reasons for following such a circuitous route to reach New York, says Yale Franklin-ologist Ellen R. Cohn. They sailed so far south to avoid the treacherous shoals of Georges Banks off the New England coast, but had no idea of the east-flowing trap that awaited them on that course. They were following an unaltered British sailing manual published 70 years before.

Franklin threw the book away.

Now, with its outlines sketched by the whales, the Gulf Stream sat for its first serious portrait. Franklin and Folger drew up a remarkably accurate chart whose mean path closely parallels that shown by satellite data today. Franklin included detailed information on how to stay out of the stream's way.

It was a prodigious achievement. Before Franklin's chart, the Gulf Stream had ambushed countless merchant seamen and pirates, but whatever they learned they kept to themselves, eager to keep their competitive advantage in the new global economy.

How valuable that chart would have been to legions of Franklin's predecessors. In 1497, John and Sebastian Cabot might have kept their beer cold. Instead, the current warmed the precious cargo in the ship's hold. Spanish explorer Ponce de Leon might have avoided major frustration. He bumped into the Gulf Stream in 1513, discovering to his dismay that a favorable wind was no match for the stream as he tried to sail against the northbound current off the Florida coast.

Once Franklin figured out the Gulf Stream, he could not leave it alone. Ultimately, his pioneering measurements laid the groundwork for generations of researchers who would try to peel away the stream's deepest secrets.

Testing the waters

On April 28, 1775, with the fate of the 13 colonies in the balance, Franklin was on his way to France looking to enlist help for the burgeoning Revolution.

Along the way, he decided to do something that would change the course of history - climate history.

In the company of two of his grandchildren, he carefully lowered a thermometer into the ocean at 8 a.m. on April 29. He noted an 11-degree jump in water temperatures, from 60 degrees 14 hours earlier to 71 degrees. He knew he was in the Gulf Stream.

Franklin took his measurements four to six times a day, from 7 a.m. to 11 p.m., until May 2.

He would take similar readings every time he crossed the big current.

"I find that it is always warmer than the sea on each side of it," he observed to a French colleague. His advice to captains: Keep a thermometer handy, and use it diligently.

Franklin took measurements whenever he had the opportunity. Seventy years later, Franklin's great-grandson Alexander D. Bache persuaded the U.S. government to take systematic measurements.

The Gulf Stream's true identity would be slow to unfold; key insights came through a series of impressive efforts in the 20th century.

Prince Albert of Monaco, who lived in a resort kingdom where winter was unknown - although it was at a latitude 200 miles north of Philadelphia - had a Franklinesque curiosity. An avid oceanographer, he dropped glass bottles, copper balls and wooden barrels into the ocean from his yacht in the early 1900s. Inside them, he would place requests in 10 languages asking people to report where the objects were found. It is estimated that he sent 1,500 such devices into the North Atlantic.

The returns were startling. The trails of the bottles revealed that the Gulf Stream was part of a wild system of spinning currents. So detailed was his analysis that by the time the First World War ended, he was able to forecast the paths of drifting sea mines.

Oceanographers were getting smarter about the behavior of the Gulf Stream, yet by the mid-20th century, their understanding of what set it in motion was still seriously lacking.

A dream, a stream

The brilliant, Wilmington-born Henry Stommel changed all that. "Why do our ideas about the ocean circulation have such a peculiarly dreamlike quality?" he once asked. In 1948, he took the Gulf Stream out of the dream world.

Stommel came up with equations to explain why the stream was where it was and why it was so swift.

Despite its name, it is not exactly a stream. It is the western flank of an enormous circle of water, or gyre, in the Atlantic. The center of the gyre, however, is well west of the center of the ocean.

Stommel explained why the western side of an ocean basin is different from the eastern side. The planet's spin creates forces that drive currents toward the west. The Gulf Stream is forced through a narrow channel between the gyre's center and the continent, so it flows rapidly. The water to the east of the center, with more room to spread out, drifts to the south leisurely.

Stommel correctly predicted that similar currents would be found in other ocean basins. His Gulf Stream work earned him the title of the father of modern oceanography.

For an encore, he postulated that the Gulf Stream was withholding another secret. It was moving atop a cold, deepwater current that returned toward the equator. Float devices proved him correct. Warm water was transported northward. It cooled, sank, and returned southward in the deep ocean.

The term conveyor belt for this didn't surface until the mid-1980s, yet Stommel had described this important piece of the oceanic circulation that helps the planet retain its temperature balance.

The Gulf Stream was more than an obstruction or aid to navigation. It was a key piece of the climate puzzle.

Thanks in large measure to the Gulf Stream, the Atlantic transports more heat northward than the Pacific, even though the Pacific is three times bigger. The explanation has to do with one of the most prosaic substances on Earth: salt.

Salt makes water heavier, and the Atlantic is saltier than the Pacific. Heavier water sinks faster. The sinking in the far North Atlantic pulls more warm water northward, and that keeps the conveyor moving. Climate researchers worry mightily over the fate of the conveyor. They know that the Gulf Stream holds important clues, but the elusive, ever-restless stream isn't making it easy for them.

Alien stowaways

It is a perfect day to hunt for aliens off the coast of North Carolina. The sargassum grass, brown and floating in swelling clumps, is far more plentiful than the whitecaps interrupting the deep-blue waters. The Gulf Stream is in a particularly relaxed mood today, calm enough to show off its iridescent fingers.

It is not a day to waste a sliver of late-summer daylight, so Paula Whitfield, a scientist with the National Oceanic and Atmospheric Administration who is on the trail of exotic - and invasive - lionfish, is up at sunrise. Lionfish, the first Pacific invaders ever to show up in the Atlantic, first appeared off the coast of Florida in 2000 and have been migrating northward ever since. At 7:15 sharp, she zips up her black wet suit, slips on her flippers, and waddles cartoonishly across the deck of the Nancy Foster to plunge into one of the most challenging research environments on Earth.

The stream's broad outlines were captured nicely by Franklin's tidy arc, but that arc could not explain how Whitfield's quarry from the tropics could end up on the shores of New England.

Scientists now know that the Gulf Stream has been hiding a far more fascinating, unpredictable and complex character than even Franklin could have imagined. Its very nature makes it all but indiscernible: Ocean currents are among science's largest moving targets.

"The biggest problem is the harshness of the environment," observes William Johns of the University of Miami's Rosenstiel School, who knows this from personal experience.

Johns, tall and soft-spoken and a ringer for actor Patrick Stewart, left Chadds Ford to devote his career to studying currents in the Atlantic and the Florida Straits. But the salt air corrodes instruments, storms scatter them to the four winds, and sharks bite into the cables. The work is monumentally tedious, and research vessels expensive.

On the lionfish mission, the Gulf Stream teaches Whitfield and her divers anew that it is restless and unpredictable. It is moody, meandering to the west and lashing the ship with a swift current. It fights Whitfield and her divers 150 feet under the surface. This is the same current that has transformed the waters off the mid-Atlantic into a tropical aquarium. Twice, her divers have surfaced with Caribbean lobster.

Lionfish - spiky, spectacular, and favorites of the aquarium trade - arrived on the East Coast under mysterious circumstances. The best guess is that an aquarium owner dumped two or more into a Florida canal. Once the fish reached the ocean, the Gulf Stream took care of the rest.

Whitfield's colleague, biologist Roldan Muñoz, cuts open a captured female, revealing the dimensions of the potential threat. One female is believed capable of releasing up to 30,000 eggs.

And those eggs float.

Whitfield says it is no coincidence that lionfish sightings closely parallel the paths of the Gulf Stream. They have been sighted as far north and east as the shores of Rhode Island, where the Gulf Stream does not roam. How could that happen?

The stream pinches off into wild eddies on either side. These circular whirlpools, as wide as the stream itself, are the bane of sailboat racers. Lionfish eggs evidently got caught in some that spun toward the Northeast coast.

Whitfield and Muñoz think it's important to figure out how many lionfish the Gulf Stream is carrying. The fish are eating everything smaller than themselves, and nothing is eating them.

The stream, however, will not give up the whereabouts of all the lionfish, and Whitfield knows it. She and her team searched 27 suspected hangouts, a tiny fraction of a 1,600-square-mile area off the North Carolina coast, which, in turn, is a tiny fraction of all the possible habitats.

It is the undercurrent of frustration that attends all Gulf Stream research.

The ultimate riddle

A clearer picture of the stream is slowly emerging from deepwater cables, instrument packs dropped from ships, and robot submarines, but in some cases the stream is teaching scientists only the depths of their ignorance.

They are now well aware that the Gulf Stream is one piece of an immense system, a "spaghetti diagram of tangled, looping, crossing tracks," in the words of science writer Robert Kunzig. It is impossible to say precisely where the stream begins and ends. Its energetic course has been likened to that of a restless snake held by the tail off Florida.

As evidenced by the lionfish, at any given time the stream's borders might be framed by several large eddies 50 to 100 miles wide. In satellite images, the gyrating eddy patterns evoke van Gogh's The Starry Night.

The main path of the Gulf Stream moves along at 2 to 6 m.p.h., resembling an immense, albeit serpentine, waterfall. Johns' research has documented that the source of the stream's waters extends all the way to the Brazilian coast and the South Atlantic.

The stream pours through the straits of the Caribbean islands and squeezes into the Gulf of Mexico through Yucatán Strait, making the Gulf waters warm and deep. The water swirls into "loop currents," such as the particularly deep one that ignited Hurricane Katrina.

Eventually, the water shoots through the Florida Straits with almost unimaginable force. The volume of water exiting the straits each day would cover the entire city of Philadelphia with a layer of water five miles deep, by Johns' calculation.

Ocean researchers are circumspect, but they believe they are getting a better handle on the stream's day-to-day behavior. They are getting better at understanding how the stream affects storms, and they are using that knowledge in the computer models that forecast weather.

The stream has inspired bigger ambitions in other scientists, who hope it might lead them to the ultimate forecast. If they can detect changes in the stream, it might tip them off to changes in the global climate.

Today, from the frigid seas of Greenland to the subtropics, an unprecedented effort is under way to monitor the turbulent and chaotic North Atlantic to see whether the immense conveyor belt is changing - or breaking down.

Yet predicting the behavior of the Gulf Stream and the world's climate for the next 100 years is a risky proposition.

It's hard enough forecasting tomorrow's weather, and in some dramatic instances, you can blame the Gulf Stream for that.

__________________________________________________________________________________________

Majestic, mysterious, monstrous
The warm Gulf Stream turns deadly when it meets Arctic cold to form the Northeast's worst winter storms.

By Anthony R. Wood, INQUIRER STAFF WRITER, Posted on Mon, Dec. 19, 2005

ABOARD THE NANCY FOSTER - The waters are velvet-smooth, clear and clean, alternately deep-blue and aqua, as warm as a gentle bath. They lure a family of dolphins that romp in front of the bow, diving beneath it, playing in the ship's turbulence.

As the full moon rises, backlighting the horizon, the water transforms the moonlight into a golden mosaic. The surface responds to a gentle breeze, generating ripples that scatter the light, reunite it, scatter it again.

It is another hauntingly magnificent twilight off the North Carolina coast - a scene Paul Kocin hopes never to witness in person.

The setting is the western edge of the Gulf Stream, and Kocin, who has spent his career studying storms, knows that this region is an atmospheric minefield. This is where the mighty stream and its ever-flowing warm current conspire with the atmosphere to set off some of the most dramatic fireworks on Earth.

"It's an extremely dangerous, mystifying area that has a profound effect on weather," says Kocin, who deconstructed the Gulf Stream-incited "white hurricane" of 1888, among the most famous winter storms in history. "I try to stay away from it as much as possible."

The stream is a celebrated storm-maker, for much the same reason that it has become a focal point of global-warming research: It is a prodigious mover of heat. Only in the last generation have scientists come to appreciate its power, and it continues to surprise them.

They now know that the Gulf Stream has been an agent provocateur in almost every important winter storm to hit what is today the Interstate 95 corridor. Among them: the historic blizzard of 1888, the 1962 Ash Wednesday storm that cut Long Beach Island into five pieces, and the record 30.7-inch snowfall in January 1996.

Even in this enchanting setting off the North Carolina coast, the Gulf Stream leaves a trail of evidence that hints at its dangerous side. The languid air borne on the current is distinctly tropical and swollen with water vapor. The vapor is palpable to the skin - as Benjamin Franklin observed when he encountered the stream in 1726. It condenses on the cool, white deck railings of the research ship Nancy Foster. The Gulf Stream is a prodigious supplier of water vapor, the combustible ingredient that has helped fuel the monster storms.

Ordinarily, the mighty stream acts something like the fluid in an immense heating system. Its constantly flowing waters export warmth from the sun-saturated tropics toward the solar-deprived Arctic to steady the planet's temperature.

But occasionally, the stream turns impatient and fast-forwards the process. At least a few times every winter, it mutates into a power source for coastal storms. Those are the great air mixers that rearrange the atmosphere, yanking polar air dramatically southward and shooting tropical air northward.

When the Gulf Stream is overrun with cold air sliding off the continent, it throws its water vapor skyward, where the vapor condenses and returns as rain and snow. The condensation releases massive amounts of heat to further incite the wildly spinning winds that rip sand off beaches and pile snow into head-high drifts. The stream can turn weak storms into strong ones, strong ones into monsters.

"That's why they like us out here," says Jamie Velarque, captain of the Nancy Foster. From the picture windows on the bridge, on this particular night, he is watching the weather closely, listening to the weather radio, monitoring the instruments sending back readings from the surface and from 100 feet under water.

The Nancy Foster is part of the National Oceanic and Atmospheric Administration's navy that ferries scientists on research cruises. But it has another important mission: to send back live data from the stream, where "ground truth" observations are sparse. On this particular day, for example, when satellite readings indicate a water temperature in the upper 70s, the Nancy Foster is showing 84 degrees all the way down to 300 feet.

Early evidence suggests that the Gulf Stream could be a major player this winter. Its waters have been extraordinarily warm and close to the coast. In the view of Len Pietrafesa, a storm specialist at North Carolina State University, it is primed for mischief. During the fall, water temperatures were in the 80s - readings "we have not seen in the historic record," he says. Last week, they were still in the upper 70s off Cape Hatteras. "I expect it to be a wet winter in the Northeast," he said.

His is only informed speculation, for the mighty stream remains a mysterious force. Meteorologists know that the Gulf Stream is a big reason why the mid-Atlantic and Northeast have some of the wildest and most varied weather on the planet. The Atlantic Ocean is an awesome storm factory, and the Gulf Stream speeds up production.

"It's pretty fantastic in terms of its influence," Pietrafesa says. And researchers believe the stream is as vital to climate as it is to weather. Says Pietrafesa: "The system is all linked." Now, with scientists reporting significant changes in the North Atlantic, they have a new urgency to figure out exactly how all the pieces fit together.

Just when scientists think they have found answers, however, the stream comes back at them like a rogue wave flipping a boat.

A perfect storm

On March 9, 1888, residents of the nation's densest population center took little note of a storm approaching the South Carolina coast.

It was expected to affect the Washington-to-New-York corridor during the next 48 hours, but not dramatically. The U.S. Weather Bureau issued prosaic forecasts calling for some clouds and rain.

The weather agency, which by then was taking observations and issuing daily national forecasts, was part of a dizzying era of progress. The gasoline-powered automobile, the streetcar, the dishwasher, the ballpoint pen - anything seemed possible.

As one scientist noted: "Great disasters can be anticipated and obviated."

Nature took exception in 1888.

Shortly before midnight on March 11, the forecast rain changed to snow in Philadelphia.

The winds became so strong that the 10 inches of snow that fell were whipped into 10-foot drifts. The temperature plummeted from the mid-40s to 15, with stinging winds driving wind chills well below zero. Ships were stranded as howling winds blew out tide water from the Delaware River.

More than 100 ships sank off the mid-Atlantic coast, and 80-m.p.h. winds punished Atlantic City.

In New York City, midday temperatures plunged from 50 degrees to 6 in less than 24 hours. The blizzard's winds knocked out power to the city's elevated rails, stopping them dead in their tracks.

In all, 400 people died in the storm - 200 in New York City alone - making it the deadliest winter storm in U.S. history. Many froze to death.

It was the beginning of a week that altered the way Americans think about weather and drove New Yorkers to build a subway system.

Today, meteorologists know that the white hurricane began as a "low" - an area of lighter air that on today's TV weather maps would show up as an "L."

As that low moved eastward, a dome of frigid air from Canada crossed the Appalachians and began to slide downhill, across the coastal plain, and into the Atlantic.

The Gulf waters off the Carolina coast in all likelihood were a good 30 degrees warmer than the air that was about to move over them. Storms grow at frontal boundaries, where cold, heavy air forces warm air to rise - an effect that Franklin hypothesized about a century earlier. The combination of frigid air and the Gulf Stream is a potent cocktail. It can take an undistinguished low and redevelop it into something special.

Pietrafesa and his colleagues have distilled this to a mathematical formula. Subtract the temperature over land from that of the Gulf Stream and divide by the distance between the stream and the coast. The result is a storm-potential index. In short, the colder the air and the warmer the Gulf Stream, the bigger the storm.

That's why March storms can be especially powerful. Winter air is still patrolling the upper atmosphere, while the ocean is beginning to warm.

It was this dangerous combination that helped set off the tremendous Ash Wednesday storm of 1962, the one that took apart the beaches from North Carolina to New England.

And it was at work in 1888, brewing a storm that caught everyone by surprise.

Yes, the early settlers had been blitzed by storms unlike anything they had experienced at home.

In January 1772, the Virginia snow was so deep that Thomas Jefferson and his new bride were forced to abandon their carriage and hike eight miles to their heatless Monticello mansion. Jefferson would call it "the deepest snow we have ever seen" - piled up three feet, wrote the late weather historian David Ludlum.

But in an age of extraordinary technological advances, the blizzard of 1888 was a humbling experience.

The forecasts had all underestimated the ability of the Gulf Stream to blow up a storm.

And back then, of course, scientists did not even know about the Gulf Stream's evil cousin in the sky.

Enter the Jet Age

Dorothy Hurd Chambers worked for the old U.S. Weather Bureau and was stationed in the Rockies during World War II. Her job was to send up weather balloons to see what was going on in the upper atmosphere. This was important work, because planes with the new jet engines were flying higher than ever, and the government had to know about the jet highways. Some thought the work was too important for women, but men were scarce during the war, and Chambers was conscripted.

She made a startling discovery. The readings the balloons were sending back from 30,000 feet were astounding - wind speeds of 80 to 120 m.p.h.

They had encountered the jet stream, the same powerful west-to-east wind that resisted U.S. warplanes flying to Japan, and that gushes across the continent to make mischief with the Gulf Stream.

Jet-stream winds are powerful currents so named because the winds move swiftly and pulse mightily, like jets of water through a fire hose. As they pass over storms, they lift the air radically, the way cold winds lift smoke from a chimney. Winter-storm expert Kocin, who published a seminal study of the 1888 storm 100 years later, suspects this was a particularly potent jet, with embedded streaks of wind that were even stronger.

That blizzard became the "white hurricane," with wild winds blowing counterclockwise around a center that was off the coast and moving north. To the east, the winds drew up warm, moist air from the Gulf Stream, fueling the cyclone with more water vapor. To the north, the east-to-west winds off the ocean threw back rain and snow. To the west, northerly winds hauled down ever more frigid air from the Great Lakes region. The stronger the storm became, the more moisture it consumed.

It was a classic illustration of how the atmosphere and the ocean are coconspirators. When water evaporates off the ocean, it joins the atmosphere as invisible vapor and stores heat. When the vapor condenses, forced upward by cold air, the heat gets released. The more heat it releases, the stronger the storm.

The white hurricane was a gigantic system, a prototypical nor'easter - so named for the powerful winds from the northeast that they generate - penetrating deep into the high atmosphere.

"People just think of this 'L' on the map as some sort of object," says Louis Uccellini, director of the National Centers for Environmental Prediction.

But a low is much more than that: "It's absolutely engaging all the surrounding air around it in a systematic way."

Uccellini oversees an empire that includes the National Hurricane Center and the severe-storm center that issues all those tornado warnings. He looks out of place in his suit and tie, talking exuberantly and wearing the constant expression of someone who can't believe what he just heard.

Among snow geeks, Uccellini is a legend. He collaborated with Kocin on what is considered the definitive work on mid-Atlantic-Northeast storms. He knows his nor'easters.

What makes these storms tick? What makes them go off? Uccellini believes that meteorologists are closing in on answers, but they are still playing catch-up with nature.

The discovery of the jet stream and how it worked was a giant step for storm research.

During the next generation, scientists would make tremendous progress in understanding the physics of storms. Running computer models that simulated the workings of the atmosphere, they used equations to predict that a nothing storm would regroup and intensify off the coast.

Technically, the coastal lows are called "secondary storms" because they are spawned by a low moving across land. Once they develop, they become the primary storm. Meteorologists scored a spectacular success in February 1978 in predicting that just such a tempest would become one of the biggest snow-makers in history.

Holiday on ice

A year later, on the Sunday of Presidents Day weekend, there was humiliating failure. The official temperature in Philadelphia fell to zero that day, something that happens only once every three years. A dusting of snow was in the forecast for that night.

"It was supposed to be this little system," says Kocin, whose high-pitched voice is familiar to viewers of the Weather Channel, where he is the winter-weather expert. "People went to sleep, and when they woke up they wondered, 'Why can't I open the door?' "

Washington was paralyzed by two feet of snow, and Philadelphia was buried under 14.6 inches. As the storm skidded off the Virginia coast, the Gulf Stream gave it a fresh infusion of water vapor. The tremendous contrast between the bitter-cold air, the warm ocean, and a strong jet stream shut down the I-95 corridor from Washington to Philadelphia.

Chet Henricksen, a retired Weather Service meteorologist who was working in Washington at the time, says the Gulf Stream took a powerful storm and turned it into a winter hurricane. In satellite imagery, the storm had a well-defined eye.

In 1980, the storm lexicon gained a new buzzword, borrowed from wartime terminology. Frederick Sanders of the Massachusetts Institute of Technology and John Gyakum of McGill University began looking at the history of rapidly developing storms all over the world. They found a class of cyclones that literally blew up, like the one in 1979. The storms intensified so quickly that they needed a classification of their own.

The two scientists called them "bombs." In bombs, the barometric pressure falls in a hurry. Maximum winds can rapidly jump from 30 m.p.h. to 50 m.p.h., says Joseph Sinkiewicz, the Atlantic forecaster at the government's Ocean Prediction Center.

Gyakum and Sanders found two places on Earth that were the primary breeding grounds of bombs. One was near the Kuroshio Current, off Japan, and the other was the Gulf Stream. Their paper generated a rush of research into these suddenly developing storms, and that research paid big dividends.

By the early 1980s, meteorologists were able to feed Gulf Stream temperature data into their computer models. They scored extraordinary successes, forecasting the February 1983 blizzard that left a record amount of snow in Philadelphia, and the January 1996 snows that broke that record.

After two centuries of painstaking scientific inquiry, the Gulf Stream was finally shedding some of its mystique.

A sea change for forecasting

Today, scientists are hoping that deeper understanding and computer models will lead to the ultimate forecast: What will happen to Earth's climate? How will the Gulf Stream behave in the future? Will it keep moving heat? If not, what does that mean for the future of arctic ice and sea levels all over the world?

While they know that computer models have wrought remarkable advances in weather forecasting, climate prediction is a wholly different pursuit. And they know they have their limitations. The Gulf Stream is poorly represented in those climate models.

In early 2000, the National Oceanic and Atmospheric Administration introduced a new supercomputer and boldly announced that the era of the "no-surprise" Weather Service was at hand.

At dawn exactly one week later, the Gulf Stream waylaid the Weather Service and just about the entire meteorological community.

On Jan. 24, 2000, a storm edged off the North Carolina coast. The computer models insisted that it would be a nonevent from Washington north. No Home Depot stampede, no Acme rush, no school-closing numbers. Millions of people in the Northeast Corridor went to bed undisturbed, at least from weather anxiety.

When they woke up in the morning, blinding snows blocked the views from their windows. Up to two feet buried parts of North Carolina.

Before the storm hit, bitingly cold air had surged toward the Gulf Stream. In 24 hours, the temperature plummeted 30 degrees in a zone from Wilmington, N.C., to Morehead City.

The frigid mass and the ultra-warm Gulf waters created a perfect environment for the storm to blow up into a bomb.

It did - in the very area that the Nancy Foster was monitoring a few months ago, that "dangerous, mystifying" place.

__________________________________________________________________________________________

Climate in the Balance
By Anthony R. Wood, Inquirer Staff Writer, Posted on Tue, Dec. 20, 2005
(Last of three parts)
WOODS HOLE, Mass. - In this understated harbor village of tight streets and Cape Cod houses, the North Atlantic stirs gentle breezes in summer and tempers New England's harsh winter cold.

And yet, only a geologic blip ago, this was a frigid and forbidding place, encased in a mile-thick sheet of ice - ice piled as high as five Liberty Place towers, spires included.

Massive ice sheets have advanced and retreated repeatedly over aeons - at a glacial pace. But what researchers have discovered recently is that climate can change in a hurry.

Their findings have led to an ultimate irony: In the debate over global warming, one of the hottest issues is ice.

The planet's temperature has warmed robustly in the last 20 years - with 2005 being the second-warmest year on record - and the Arctic polar cap is disappearing. The same melting that has raised concerns about rising sea levels has prompted counterintuitive scenarios that it could produce a fresh and disastrous big chill.

Few foresee an imminent glacial outbreak, and some serious scientists insist that one is all but impossible, but ice-core records show clear evidence that rapid coolings and warmings have happened. And that was long before humans started burning the fossil fuels blamed for at least some of the modern warming.

Today, while the debate rages over how much humans are to blame for the planet's indisputable warming, scientists are still trying to figure out what conspired to bring on the flash-frozen ice ages.

But a long and tortuous trail of evidence leads to a surprising suspect at the heart of the conspiracy: the Gulf Stream.

Logically, it would be an unlikely culprit. It is hundreds of miles from the southern extent of the last ice sheet, and it covers only about 0.2 percent of the world's ocean surface.

Yet the mighty stream is a critical piece of something much larger: the North Atlantic current system that moves warmth out of the tropics toward the North Pole and sends cold water back toward the equator - the so-called conveyor belt.

It is estimated that the Gulf Stream transports about 20 percent of the heat moved by the oceans.

If the Gulf Stream were to slow down or take a more southerly route, the change would disrupt the whole system - the North Atlantic would cool off. Europe and eastern North America might turn colder as the rest of the world heated up. Scientists think that's what happened the last time ice invaded Europe and the United States.

The question is: Could it happen again?

Of ice and dwarves

When Benjamin Franklin crossed the Gulf Stream for the last time, in 1785, he was sailing into the sunset of a stunning climate epoch, one that had spanned more than four centuries and changed the world. It had certainly changed Greenland.

Greenland wasn't always a misnomer. When Eric the Red arrived there in roughly 1000, he was able to set up a thriving colony. By the mid-14th century, however, something horrible had happened. Growing conditions deteriorated. The eating habits of the colonists changed dramatically. At first, the Viking diet had consisted of 80 percent meat, fruit and grains - and 20 percent seafood, according to carbon-isotope analyses of Viking bones. In the last days of the colony, the Viking diet was 80 percent seafood. This had nothing to do with a new wave of excellent seafood restaurants. The once-productive land was locked under ice.

Over the centuries, the growing scarcity of food took its toll. The survivors were forced to move. In their final days, they were said to be diseased and dwarflike.

What had happened was that a cooling trend had taken hold in Europe and eastern North America. It lasted through the Age of Exploration, the Renaissance, the Enlightenment, through to the beginning of the Industrial Revolution. Coming after a long worldwide warming period known as the Medieval Optimum, it radically altered landscapes and growing patterns.

The North Atlantic did not warm the New World the way it tempered Europe, and the Little Ice Age added a dose of harshness to the colonial climate. It is frozen in images of white Christmases and of Washington's crossing an ice-choked Delaware on Dec. 26, 1776.

The Little Ice Age proved emphatically that climate is not static.

Researchers now believe the cold spell was tied to subtle changes in the sun's energy, and that the Gulf Stream had a hand in the cooling.

Core issues

In 1992, Richard Alley was in central Greenland, examining ice cores, when he saw something he could not believe. He and his colleagues were looking at the layers that told them about Greenland's temperature year by year, going back millennia.

But instead of a gradual change, they saw radical shifts in the layers representing the climate 12,000 years ago. The temperatures had plunged and risen suddenly. He saw a swing of 15 degrees in a matter of 10, or no more than 30, years.

"This was a flipped switch, not a slowly turned dial," he recalls. "Something really dramatic had happened."

This made the Little Ice Age look like a snow flurry.

Alley had come across a phenomenon described in 1985 by Wallace Broecker, a chemical oceanographer and paleontologist with Columbia University's Lamont-Doherty Observatory. Broecker called it the Younger Dryas period, for an Arctic shrub that mysteriously appeared throughout Europe.

But whereas Broecker drew upon a variety of research sources, Alley was looking at direct physical evidence.

The science of climate change was itself changing.

Until the 1950s, climate was viewed as essentially a stable system, says Spencer Weart, head of the history center for the American Institute of Physics. That view was stood on its head when researchers saw evidence that big swings could occur in just a couple of millennia. By 1980, scientists came across further clues that such changes could happen in a few centuries.

Broecker tightened the possible time frame in 1985 by publishing a paper on the Younger Dryas era. In the process, he indicted the North Atlantic and gave global warming an icon.

The article, which appeared in the journal Natural History, posited that tundra conditions overspread Europe as the Gulf Stream and the North Atlantic heat-transport system broke down. Europe turned arctic.

Naturally, the editors asked for graphics.

"They wanted a diagram," he says, "so they hired an artist in Hoboken. I never met the man, so I made sketches that went through them to him. I didn't really pay that much attention."

What Broecker gave him was a sketch of his famous "conveyor belt" to describe how warm surface water moves north, is chilled by the cooler air, sinks to the sea bottom, and returns southward.

It is a simplified model of what oceanographers prefer to call the Meridional Overturning Circulation, or MOC, and it was an instant hit.

"People started to pick it up right away," Broecker says.

That the North Atlantic would be so important underscores the complexity of oceanic circulation. The Pacific is triple its size, yet the Atlantic, Broecker explains, does a better job of moving heat northward than the wind-driven currents of the Pacific.

And the mighty stream is the engine driving it.

A secret agent

A critical ingredient in the recipe for climate change is one of the most prosaic and plentiful substances on the planet: salt.

The key to keeping the conveyor belt in motion is the sinking action of the water. Salt adds weight to water, so the more saline it is, the better it sinks; the better it sinks, the faster the conveyor moves.

Why is the Atlantic saltier than the Pacific? In part, says Broecker, it's because more fresh water from rain and snow drains into the Pacific than into the Atlantic.

The differences are subtle but important. Every quart of ocean water has between 1.1 and 1.2 ounces of salt. Add a mere 0.03 ounces of salt to the water, and there is the same sinking effect as cooling the water by several degrees, by Broecker's calculation.

This is why any buildup of freshwater is so troubling: It could dilute the ocean subtly but critically. In the case of the Younger Dryas era, Broecker theorized that a mighty pulse of freshwater from melting glaciers stopped the sinking action. Freshwater accumulated in the far North Atlantic, and it froze. The conveyor suddenly slowed, interrupting the northward flow of warm water - and warm air.

The Gulf Stream couldn't do its job.

What Alley found in his Greenland ice cores was that such a cosmic change could happen suddenly. In Weart's view, it marked a sea change in scientific opinion.

"The whole notion of rapid climate change was very hard for science to accept," he says. "The guys who said there could be rapid climate change had to drag the rest of the climate community kicking and screaming."

In the movie The Day After Tomorrow, the conveyor shuts down and the United States turns arctic in about 24 hours. While the film had some scientific ancestry, thankfully it bore little resemblance to cold reality.

Broecker says that recent findings have postponed The Day After Tomorrow indefinitely. Only a major icing-over of the North Atlantic would bring about a radical cooling of the Northern Hemisphere. Ice would repel the sun's energy and create more icing. That would happen only if all the Greenland ice melted and injected enough freshwater to shut down the conveyor belt. No computer models see that happening in the foreseeable future.

"The red flag went way up because of these abrupt changes, and it was scary," Broecker says. "It took us 15 years to get it in context. Now I think we can lower the red flag to half-mast."

But not lower it all the way. For scientists are now finding disturbing changes in the North Atlantic.

Fresh concerns

Oceanographer Ruth Curry is looking at the world on a computer screen, and she doesn't like what she sees.

She has been poking around the North Atlantic since she came to the Woods Hole Oceanographic Institution 25 years ago looking for "adventure."

She ultimately found it in an esoteric field: studying the salt content of the North Atlantic. She has become an expert on the subject, and it is suddenly a high-profile pursuit.

She displays a color-enhanced global map that shows a band of bright yellow in the tropics, indicating salty water.

"The tropics in the lower latitudes are getting more saline," she says, "and the high latitudes in both hemispheres are getting fresher."

That could be because as the planet warms, more water evaporates, causing more rain and snow in the higher latitudes. The freshwater precipitation is evaporating from the tropics, leaving the ocean saltier, and wringing out as rain and snow farther north, making the ocean there fresher.

Some of the freshwater pouring into the Atlantic is trickling off Greenland, she believes, and that is disconcerting. The Greenland ice sheet has shrunk by about 20 percent since the late 1970s, coinciding with dropping salt levels in the North Atlantic.

"It's been known for some time that it's been freshening," Curry says, "and we've just recently figured out how much. We've never experienced it in our time of taking measurements."

Curry says the freshening is almost assuredly the result of worldwide warming. The planet's rising temperature could be causing that extra rain and snow.

Greenland ice, however, is a far scarier source of freshwater. Curry says this in the modulated way she says everything, like a classical-music disc jockey informing the audience that it's just heard a Mozart piano concerto.

Greenland is an immense glacial repository. It is estimated that if all the Greenland ice were to melt, worldwide sea levels would rise more than 20 feet - roughly the equivalent of the worst of Hurricane Katrina's storm surge.

Realistically, for anything that catastrophic to happen, it would have to become a whole lot warmer, and given the current rate of increase in carbon-dioxide levels, that could take one or two centuries.

Unfortunately, no one knows exactly how sensitive the climate system is.

Does it have a "tipping point," beyond which it would change with a rapidity unprecedented in the period of recorded history?

Curry holds that we are in a particularly dangerous period because, as ice melts, temperature changes accelerate. Ice repels the sun's warmth, sending it back into space, which helps explain why the Arctic is a perennial ice box.

The power of frozen ground cover was evident in the Philadelphia area last week. On Wednesday morning, the temperature in the snow-covered suburbs fell to 3; while the low at the snow-less airport was 15.

Once ice melts, the repellent effect is lost. The bare ground absorbs the sun's energy, and the overlying atmosphere warms dramatically, compared with the ice-covered landscape. More ice melts, and that becomes contagious. It's one reason the Arctic warming has far outpaced that of the rest of the planet, raising worries about melting.

"From the geologic record, we see that there have been events that last centuries," Curry says, "but this is a global-warming world, not an emerging-from-an-ice-age world, so all the circumstances are different."

The chances of a shutdown of the conveyor are remote, if not out of the question. But any significant changes in the oceanic circulation would likely have major - and wholly unpredictable - impacts on climate. At the peak of the Little Ice Age, the Gulf Stream did not shut itself down. Researchers believe, however, that it slowed down, or maybe wandered from its usual trek. If that happened again, they don't want to be caught by surprise.

Today, concerns about the state of the ocean run so deep that an unprecedented international effort is under way from the Straits of Florida to Greenland to track changes in the flow of the North Atlantic.

Currents of change

Each and every week, a bulky freighter that looks like an aircraft carrier attached to a four-story apartment tower leaves Newark, N.J., bound for Bermuda bearing supplies.

Along the way, the M.V. Oleander, owned by Bermuda Container Lines, relays vital measurements across the Gulf Stream that help scientists at the University of Rhode Island keep track of the current. Once a month, the cargo includes a government volunteer who takes deepwater readings by ejecting temperature probes from a device that resembles a caulking gun.

Is the mighty stream slowing down? Is it speeding up? Is the water getting dangerously fresher?

The Oleander project is part of an immense and costly reconnaissance of the Gulf Stream and its tributaries. At least five countries are involved in the effort.

Next month, Rhode Island's Thomas Rossby is starting an Oleander-style program on the other side of the ocean. Rossby is the son of the legendary Carl Gustav Rossby, one of the first to propose that oceans drive climate. He and a colleague will install a measuring device in a ferryboat to take weekly readings from Scotland to Iceland.

A good 40 degrees in latitude and temperature away, one of Rossby's former students, William Johns, is keeping watch on a cluster of moorings off the Florida coast.

This is a cooperative venture between the University of Miami's Rosenstiel School, where Johns works, and the United Kingdom. They are maintaining a 3,000-mile-long measuring network all the way from Florida to the Canary Islands. The British have committed about $40 million to the project.

They all aim to answer the same question: Is the ocean changing?

So far, at least two new studies suggest that Curry's concerns about the freshwater buildup in the North Atlantic are warranted.

Satellite data have detected a slowing of the circulation from Ireland to Labrador, according to a research team led by NASA's Sirpa Hakkinen. The team said that if the slowing continues, it might lead to large-scale ocean and - eventually - climate changes.

In a second study, about 1,500 miles to the south, a group of British scientists this month reported a 30 percent slowdown in the movement of Atlantic deepwater.

Hakkinen and Henry J. Bryden, the head of the British team, cautioned that their results weren't conclusive.

Bryden looked at measurements taken at five intervals from 1957 to 2004.

Hakkinen said it was impossible to predict whether the slowing in the so-called North Atlantic gyre would continue or was part of a natural cycle.

Herein is a fundamental problem of oceanic research: the period of record is minuscule.

Carl Wunsch, a respected oceanographer at the Massachusetts Institute of Technology, says researchers are just beginning to build a baseline to track the movements of the North Atlantic conveyor. Right now, they have little basis for comparison.

"Only in the last 10 years have the observations begun to be available to allow you to know what's going on out there," Wunsch says. "Is the system changing? Yes. Is the system slowing down? Possibly. Are we undergoing a major climate change? We don't know."

Climate evidently obeys the first rule of weather, only on a grander scale: What might happen is almost always more interesting than what is happening.

If anything, however, the uncertainty makes it even more important to find out what the conveyor belt is up to. For the volatility of climate is inarguable.

"These scenarios are conceiveable," Wunsch says, "and we sure as hell want to know what's going on out there."

"It appears there can be changes within decades when you reach this tipping point," says Weart, the physicist-historian. "We may have reached it."

How will they know?

Scientists think the mighty stream might tell them. Endlessly moving along its 3,000-mile-long path, with 60 million years of stored knowledge, it is a force of nature that for millennia has stabilized the Earth's climate.

They continue to mine it, to probe its secrets, and to build on the legacy of Ben Franklin, the man who, 280 years ago, was so taken by the peculiarly warm waters coursing through the North Atlantic.

__________________________________________________________________________________________
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