


[image: Cover]







Snow

A History of the World’s Most Fascinating Flake

Anthony R. Wood


[image: frn_fig_002.jpg]








[image: frn_fig_003.jpg]

An imprint of The Rowman & Littlefield Publishing Group, Inc.

4501 Forbes Blvd., Ste. 200

Lanham, MD 20706

www.rowman.com

Distributed by NATIONAL BOOK NETWORK

Copyright © 2021 by Anthony R. Wood

All rights reserved. No part of this book may be reproduced in any form or by any electronic or mechanical means, including information storage and retrieval systems, without written permission from the publisher, except by a reviewer who may quote passages in a review.

British Library Cataloguing in Publication Information Available

Library of Congress Cataloging-in-Publication Data

Names: Wood, Anthony R., 1948– author.

Title: Snow : a history of the world’s most fascinating flake / by Anthony R. Wood.

Description: Amherst, N.Y. : Prometheus Books, 2019. | Includes bibliographical references and index. | Summary: “The complete story of snow, this is the first book to fully examine snow as a historical, cultural, and scientific phenomenon”— Provided by publisher.

Identifiers: LCCN 2019014712 (print) | LCCN 2019981090 (ebook) | ISBN 9781633885943 (hardcover) | ISBN 9781633885950 (ebook)

Subjects: LCSH: Snow. | Snow—United States. | Snow—Forecasting.

Classification: LCC GB2603.7 .W66 2019 (print) | LCC GB2603.7 (ebook) | DDC 551.57/84—dc23

LC record available at https://lccn.loc.gov/2019014712

LC ebook record available at https://lccn.loc.gov/2019981090

[image: frn_fig_004.jpg] The paper used in this publication meets the minimum requirements of American National Standard for Information Sciences—Permanence of Paper for Printed Library Materials, ANSI/NISO Z39.48–1992.








Acknowledgments


During my long career at the Philadelphia Inquirer I have had the good fortune to work for editors who encouraged me to indulge my lifelong fascination with weather and share my perspectives on a phenomenon as fascinating as human behavior.

Along the way I have encountered some terrifically knowledgeable people who have generously shared their wisdom about the one element that has most captured my attention, and that of our readers: the magically varied crystals that we call “snow.”

I would like to thank such National Weather Service meteorologists as Jim Eberwine, Tony Gigi, Chet Henricksen, and Gary Szatkowski, who have accepted the often-humbling challenges of snow forecasts and never hid when they went awry; private-sector meteorologists like AccuWeather legend Elliot Abrams; and Rutgers University snow expert Dave Robinson.

I am grateful for the New York Historical Society, the Free Library of Philadelphia, the National Park Service, the New England Ski Museum, and the NOAA Library, among other institutions, which have been resource treasuries.

Among my editors, I would especially like to thank Gene Foreman, Max King, Bill Marimow, and Vernon Loeb. Inquirer colleagues Mari A. Schaefer and Tommy Rowan were invaluable in assembling the images for this book. Former colleague Gilbert M. Gaul, who won two Pulitzers and deserved more, is the best journalism instructor I have ever had. And a special thank you to Ken Libbrecht at CalTech, who helped me see snow crystals in ways I had never imagined.

All clichés aside, my gratitude to my forbearing wife, Laura, is inexpressible. How often have I subjected her to tiresome ruminations on snow these last three decades. Despite that abuse, I finished the book only through her encouragement and careful and (mostly) patient editing.










Introduction


Snow has affected the outcome of wars. It has been vital to the world economy. From the Atlantic Coastal Plain to the Sierra Nevadas to the arid West, it has been vital in the transformation of the United States from wilderness to economic superpower. It might be a last line of defense against global warming, so much so that the future of snow has become a tremendous source of anxiety in the climate community. But beyond its paramount importance as a natural resource, snow is embedded in the national consciousness in ways that transcend the practical or logical. For millions of Americans what is most compelling about snow is the complex and enchanting phenomenon itself. In a perfectly formed snowflake, a magical metamorphosis of 100,000 water droplets, a true snow-lover might see the DNA of God.

The evidence of snow’s pervasive hold on so much of the public is indisputable. Watch how the weather chat boards explode with traffic when a winter storm becomes a gleam in a computer model’s eye and how government and private websites become inundated with traffic when a threatened storm approaches a major population area. See how much of local TV news segments are devoted to weather when even a rumor of snow is in the vicinity. Almost nothing draws traffic to my newspaper’s website like the word “snow.” Watch what snow can do for swelling The Weather Channel’s audience and ad revenues. The Weather Channel (TWC) gave snowstorms names, and they became at once the protagonist and antagonists in some of their most-popular running dramas.


Snow fired the curiosity of a Chinese philosopher more than 2,000 years ago and that of Johannes Kepler and other intellectual giants of the Scientific Age in Europe in the 17th century. But what is it about snow in America?

The nation has a unique and complex relationship with the six-sided crystals that Emerson described as nature’s “masterpiece.” One obvious reason is the fact that no other country has so many densely populated areas prone to frequently snowy winters and mega storms. Residents of the populous New York state Snow Belt routinely endure 100-inch-plus winters. The East Coast is situated near one of the planet’s most volatile storm breeding grounds. Blizzards roar out of the Rockies, winter cyclones blow up along fronts in the Midwest, and blue northers drive snow into the heart of Texas.

Anthony Gigi, a wise, veteran government forecaster who moderates a popular weather forum, has observed, “Meteorology would be so much easier if everything was linear, but alas it’s not and so it isn’t.” That axiom would apply to the nth power in the pursuit of reasoning to explain the nation’s often-bifurcated relationship with snow and its mystical hold on the imagination: why some people will do almost anything to avoid it, while others pine for it and even go to great trouble and expense to make it.

The first European settlers were awed by what they encountered in the New World, what to them were literally fantastic snows and cold they had never experienced, even though they were living in the Little Ice Age, when Europe was colder than it is today. This was a climate as alien to them as the indigenous peoples they encountered. That interest in snow flourished with the Industrial Revolution and gained only more intensity with the record snows of the last three decades as the world has become warmer. I have tried to address fundamental questions that have long piqued my curiosity about the science of snow—why it snows; why it is that in the 21st century meteorologists still struggle with snow forecasts, despite having the most powerful computers taxpayers and private interests can buy; and the question of just what kind of future snow might have in a warming world. The vanishing of sun-repelling snow and ice clearly has accelerated warming in the Arctic, which in turn has led to more melting. Nothing happens in isolation in the atmosphere. Ultimately, all weather is global, and changes in the Arctic are affecting weather in the populated lower latitudes.

Snow has power that is at once menacing and magical. It can impose a cease-and-desist order on the normal business of life. It can mute the cacophony of the noisiest city with its silencing powers, while transforming the bleakest urban environment into a winter playground.

It so happened that I grew up in one of those bleak, noisy urban environments, Chester, Pennsylvania, a fading factory town on the Delaware River about 10 miles from Philadelphia. It was an industrial behemoth during the two world wars and then rapidly went the way of other places where ships and anchors, and steel and paper products, actually were once manufactured. In my youth it was in a constant state of Monday morning, a brooding shipyard whistle dictating its rhythms and factory smoke masquerading as clouds. But a decent snowfall routed the smoke, the roaring trains inciting blizzards of white clouds along the railroad tracks. The uncanny snow animated the humble bricking of the houses and stonework of the churches. It found its way into the nooks and crevices of architectural details and everyday objects, Emily Dickinson’s “alabaster wool” that fills the “wrinkles of the road.” Chester, Pennsylvania, became a fantasyland. Once I discovered that snow could close school, which I viewed as a minimum-security prison with a liberal weekend furlough plan, I was hooked for life.
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On the subject of school, one of the highlights of my professional life occurred early in my career when I worked at United Press International (UPI) in Philadelphia. As a new recruit, one of my duties on snow days was to relay the school-closing numbers from the city government, which had agreed to be the regional collection center for the best news that a kid could possibly receive, to our broadcast clients. The numbers came via teletype, and it was my job to retype them and put them on the broadcast wire.

I embraced my awesome responsibility. How often in my youth had I begged and prayed to hear that I would be spared my scholastic sentence for a day; now here I was, emissary of the too-good-to-be-true. Tedium was never so blessed. On one morning, conservatively I had punched 300 numbers. I got 299 right. Unfortunately, the incorrect number I did type matched the code for one of the area’s largest school districts. Those schools were very much open that day. The superintendent was not happy; the radio station was not happy and eventually dropped UPI. My boss was not happy. Me, I have absolutely no regrets.
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The realization that snow could close schools came after I had been securely captivated by snow. I recall a snowstorm on a Friday night and my brother saying it was a waste because schools would be closed anyway until Monday. I didn’t feel that way at all. Snow was snow. I don’t know that I was aware of it at the time, but eventually I came to appreciate that it was my invitation to the mysteries of nature, and through a passion for snow I derived invaluable lessons. Among them: You can’t always get what you want and sometimes not even what you need; grown-ups were indeed fallible; and, in the words of Robert Frost, “Nothing gold can stay.” I endured the heartache of anticipating a snowstorm that I hoped would close my school for life, only to get nothing—or worse, rain. Thanks to snow I discovered that even adults could be clueless. I’ll never forget a TV weathercaster’s saying that the precipitation the next day could be rain or snow—it all depended on whether the temperature was 32. Say what? I remembered a March storm in which a foot of snow fell and the temperature stayed above freezing the entire time.

One December morning I trudged to school through a mix of snow and rain, and a slurry of slush. The forecast said it would change to all rain and go up to 40. By midmorning, however, saucer-size flakes were accumulating rapidly. Miss Conley, our teacher, a wise and wonderful woman, looked out the window and then back to us. “Please boys and girls,” she pleaded, “pray that it stops snowing.” What I learned from that experience was that even an intelligent adult could spend six hours a day with nine-year-olds and know so little about them. We were praying, alright—praying that it would snow until June. It didn’t, but we did get sent home at lunchtime.

Miss Conley was like most adults in those days. They equated snow with crisis. My mother wouldn’t say the word; she called it that “white stuff.” The TV weathermen presented it as the enemy of society. If any kids my age hated snow, I sure didn’t know them.

Me, I wanted to be Barry Burnell in Michigan. Barry was one of the denizens of the Corner in my neighborhood. The Corner is where the truth went to die. He would tell me fantastic stories about living in Michigan and how the snow was so deep he would jump into the snow piles outside the window of his second-floor bedroom. Years later I had the pleasure of spending a year in Ann Arbor, but I did not live the dream. Had I jumped from any second-floor window I might not have lived to share the experience. (Yes, I was in the wrong side of the state, but I’m not sure it would have been wise to jump out of second-story windows in Grand Rapids, or Marquette, for that matter.) I did experience snowfalls in Ann Arbor, incidentally not far from where James E. Church grew up. He was the Latin professor who figured out how to calculate how much water was in the Sierra Nevada snowpack, a grand reservoir for the West. Those Michigan snowfalls were memorable, but I fully understand why Church was so taken by the snows of the Rockies. I’ve seen summit snows there that were 12 feet deep and remnant snow in July. I once rode through a snowstorm in Nebraska that seemed to erase the entire state. I’ve marveled at how nonchalantly the residents of the New York Snow Belt contend with their lake-effect nemeses. I have been awed by the profoundly deep-blue hues of the sky over a Montreal snow cover—how snow can crown the peaks of New Hampshire’s White Mountains well before the leaves begin to change. Yet, I have found that when it comes to snow, no venue rivals that of a childhood home, wherever that might be, and I will always associate snow with Chester.

I think of Wilson A. “Snowflake” Bentley, who had a magnificent obsession with snow that ultimately led him to change the way the world looks at snow crystals, a view later enhanced by an astrophysicist in the unlikely venue of Pasadena, California. Bentley’s home was a farm in Jericho in idyllic northern Vermont during an era when families inhabited the same houses for three and four generations, where the ground stayed white all winter and the clouds would never be confused with factory smoke. I don’t doubt that his powerful sense of place was a factor in the remarkable path that he chose, that what he saw in snow was a reflection of an inner life.

Since I was captured by snow before I had any awareness of conscious memories, I can’t tell you why or when it might have happened. That was one of the mysteries that inspired me to undertake this project. What I did learn is that others shared the passion and had been similarly captivated. Some of them are even grown-ups. I have never grown out of mine.

The atmosphere is the life-support system. For high drama, it is unmatchable, the ultimate reality show. How tragic it is that people would prefer the hypnosis of a 55-inch TV screen to a magnificent sunset. I am grateful to snow for so many reasons. Paramount among them is how it drew my attention to the atmosphere and the wizardry of water that has the power to vanish and reappear and vanish again. I have abandoned any hopes of understanding all the riddles of the atmosphere, and I take some comfort in the fact that I have something in common with some of the best minds in science. David A. Robinson, a Rutgers University professor who is an international authority on all matters of snow, told me that his first weather memory was of Hurricane Donna ripping through North Jersey in September 1960. Yet, that is not what stayed with him: It was the snows of the subsequent winter. “Why don’t I love hurricanes? Somehow, it’s been the snow that’s captivated me,” he said. “We all try to figure out how so many of us in the weather and climate field have loved it since we were kids…. There must be something about it.”

I make no pretense to scientific credentials; what I have to share is over-the-shoulder knowledge so generously offered by some of those who have taken on the immense challenge of trying to understand the often-maddening behavior of what scientists call a nonlinear chaotic system.


Some of the brightest and most inquisitive minds in the atmospheric and oceanographic sciences have helped me delve into the mysteries of the atmosphere. They include the one that belongs to Louis W. Uccellini, who likely knows more about winter storms than anyone on earth and now runs the National Weather Service. I am indebted to the late David Ludlum, who was the nation’s premiere weather historian. His research was without parallel.

It is unfortunate that the government official recordkeeping did not begin until the latter half of the 19th century, but the journal and diary evidence, so much of it unearthed and compiled by Ludlum, provided a treasury of insights into how the first European settlers interacted with the climate on the other side of the Atlantic Ocean. I suspect that snow burrowed into the American consciousness before the nation had any say in the matter. Those bitter winters were all the more perplexing to them because the colonies were hundreds of miles closer to the equator than the places they had left. Throughout time, the new Americans not only adapted to snow, but also learned to exploit it and became quite expert at fighting it, removing it, making it, fearing it, and pining for it.

As all subjects worth pursuing, an inquiry into snow becomes a window into the natural and the metaphysical, science and history, the infinitely large and infinitely small. The views at times might be limited and frustratingly opaque, but they always are worth a look and the effort to focus the lens.








CHAPTER ONE
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First Snows

 Colonial Ambushes

Evoking a climate almost unimaginably enticing, Columbus portrayed the flora and fauna of the New World with effusive flourishes. In his journal entry for November 6, 1492, a time of year when harbingers of the winter chill would be evident in the Old World, he wrote of “many kinds of trees, herbs, and sweet-smelling flowers.”1 He described the “most beautiful groves of trees,” as one might see deep in the month of May in Spain, and a diversity that was the “greatest wonder in the world to see.”2 The climate actually encountered by the first settlers in the North American colonies was a reasonable match for Columbus’s outsized rhetoric.

In the opposite extreme.

Sagadahoc might be the oldest New World settlement that almost no one ever heard of. It was founded in the spring of 1607, just a few months after Jamestown. On the Virginia coast, Jamestown would become England’s first permanent settlement in the Americas. Sagadahoc, on the Maine coast, was doomed to become a historical footnote. The Virginia and Maine colonists did share a common experience, however. They both were ambushed by shocking—and for them, puzzlingly cold—winters.

Jamestown was at a latitude similar to Sicily’s, a good 1,000 miles closer to the equator than London. Yet, half the colonists died in that severe first winter. The survivors managed to endure, unlike their counterparts to the north.

Raleigh Gilbert, a distant relative of Sir Walter Raleigh, and a delegation of Britons established that colony, but it was abandoned within a year. While Sagadahoc was hundreds of miles north of Jamestown, it still was at a latitude 500 miles south of London’s. John Davies, the navigator of their ship, the Mary and John, wrote that the “little settlement was exposed to brutal bitter winds” and storms described as “winter severities.” That first winter, Gilbert decided, would be the last. He opted for shelter on the tamer side of the Atlantic. The other settlers endorsed his superior judgment, and the colony was abandoned.3

What chilled the settlers were the Arctic air masses that had been prowling the continent from the frozen, forsaken regions of the planet from October to April for millennia.

For reasons unknown at the time, in England and across the channel, prevailing winds from the west softened the bite of winter. In the New World they provided the bite, howling from the mysterious, forbidding lands to the northwest of the new arrivals.

The winds had another cosmic effect. Conspiring with the strangely warm ocean current curving off the coast, the western flank of the one Columbus exploited in his New World voyages and triumphant returns to Spain, the winds ignited storms that had monstrous impacts along the Eastern Seaboard.

In the New World, the colonists would experience prodigious snowfalls the likes of which they had never witnessed, as alien to them as this strange landscape on the other side of the ocean and those stoical indigenous peoples they called “Indians.” Typically, London might receive a foot of snow during an entire winter. In Massachusetts, New York, Penn’s Woods, and as far south as Virginia, the colonists wrote of 2 feet, 3 feet, even 4 falling in a single storm. London, observed Puritan preacher Cotton Mather, “is never so horribly snow’d upon.”4

When that Arctic air encountered that Atlantic current, the result could be the equivalent of an atmospheric explosion. The fallout was at the root of an American obsession that would evolve and one day lead to that most peculiar of weather-related phenomenon: the supermarket stampede.

Native Americans had snow legends that spoke to their awe and reverence for the caprice of winter. The Lenape believed that a creator designed four beings, or mani’towuk, to govern the winds, a leitmotif among legends of the indigenous peoples. The mani’towuk of the north and south engaged in a cosmic game of chance in winter, and when the winds were harsh and the snows deep, the north mani’towuk was prevailing. The Cherokee told of an “Ice Man” who lived in a house of ice in the far north and once extinguished a raging forest fire with a hail of rain and sleet.5 In real life, by the time the Europeans showed up, the natives were well familiar with the New World’s punishing and variable winters since their ancestors had inhabited the continent for thousands of years. What they didn’t have was the Europeans’ experience of suddenly transplanting themselves from the warm side to the cold side of the ocean.

The settlers’ amazement at the ferocity of the New World winter storms is captured in their writings. Unlike the Native Americans and their oral traditions, the Europeans kept detailed journals; their accounts were more than legends. A lot of what they wrote about was snow.


The Selling of the New World

Captain John Smith, so instrumental in the establishment of Jamestown, had a dash of Columbus in him. Writing to Ferdinand and Isabella, Columbus foreshadowed the pages of future marketing 101 books with dramatic descriptions of an otherworldly climate. He wrote of “exceedingly fertile” lands through that flow “many broad and health-giving rivers,” and lands “full of the greatest variety of trees reaching to the stars. I think they never lose their leaves.”6

After exploring the Maine and Massachusetts coasts in 1614, hundreds of miles and a climate removed from Jamestown, he published his exuberant observations. “Smith labeled his glowing account of the bountiful fisheries, fertile soil, and varied products with a paragraph subhead: ‘A proof of an excellent climate.’” Regarding Massachusetts, he wrote, “And of the four parts of the world that I have yet seen not inhabited, could I but transport a colony, I would rather live here than anywhere.” Smith’s writings were credited with enticing the Puritans to settle in Massachusetts Bay.

A pamphlet published in 1622 declared that in Maine, “The clime is to be so temperate, so delicate, so healthful, by reason and experience.” Historian David Ludlum advised that reading the literature of the time required a healthy dose of skepticism and was about as credible as the average real estate brochure, a mix of propaganda and baloney.7

In 1630, William Wood, one of the first settlers of Boston, described a climate “agreeing well with the temper of our English bodies.”8

New England indeed was closer to the equator than old England. And a popular idea circulating at the time, according to Judge Samuel Sewall, who would become famous for his role in the Salem Witch Trials, was that Boston “must be much hotter” since it was so far south of London. Sewall, one of the New World’s most diligent diarists and weather observers, resoundingly debunked that concept with meticulous recordings of the severity of New England winters.9


The Massachusetts colonists soon discovered that American East Coast winters were radically variable and subject to prodigious snows even during the ones that overall were relatively gentle. In his journal, Governor John Winthrop described the winter of 1633–1634 as “very mild,” yet it also “oft snows, and deep.” In one storm, he reported, the snow accumulated two feet.10

Three years later, conditions would leave a deeper impression on the New World’s first white settlers. “This was a very hard winter,” Winthrop wrote of the 1636–1637 season. “The snow lay, from November 4 to March 23, half a yard deep.” He described one snowfall as having “flakes as great as shillings.”11

The weather got worse. “The frost was so great and continual this winter, that all the bay was frozen over,” he said of the legendary winter of 1641–1642, which the “Indians” declared the coldest in 40 years, although they obviously were not abiding by the Gregorian calendar. “To the southward also the frost was as great and the snow as deep, and at Virginia, itself, the great bay was much of it frozen over, and all their great rivers.”12 Winthrop said Massachusetts was covered in three feet of snow. “This winter was the greatest snow we had, since we came into the country.”13

Sewall wrote of how winter had chased his grandparents back to England in the 1640s. Of the winter of 1681, he chillingly wrote, “Hath been a very severe winter for snow and a constant continuance of cold weather.” Of the winter 15 years later, Thomas Hutchinson, lieutenant governor of the Massachusetts Bay Colony, would describe a cold so severe, “Greater losses in trade had never been known … nor was there at any time … a greater scarcity of food.”14

For available accounts, the snows, at once awe-inspiring and terrifying, became embedded in the consciousness of the 17th-century colonists. To some it took on mythical, mystical, supernatural proportions, and the hand of Providence was a leitmotif. The Rev. Cotton Mather saw Divine intervention in what Judge Sewall described as a “very great snow on the ground” right before Christmas in 1696. “This day, there being a violent storm arisen,” Mather wrote, “I laid aside the discourse I had prepared for the congregation, and with plentiful assistances from the Lord Jesus Christ, I discoursed on the Lord Jesus Christ as a ‘Refuge from the Storms of the Wrath of God.’” Mather offered a prayer for “our seafaring friends” who might be “in distress.” No sooner had the prayer ended when he heard the sound of guns signaling said distress, “and Heaven sent that help unto the poor people aboard, that the vessel through extreme danger got safely in.”15


The town clerk’s official entry in the Record of Sudbury designated that season as the “terriblest winter.”16 From November 20 to April 9, a total of 31 snowfalls were reported, including 42 inches from a single storm at Cambridge. That winter was so severe that church attendance often was sparse. On a frigid January Sunday, Sewall wrote that a preacher he particularly admired, the Rev. Michael Wigglesworth, one of the Puritan poets, delivered a sermon on the topic, “Who Can Stand before His Cold.” The church then closed for three weeks. When Wigglesworth returned to his pulpit, his subject was the psalm that begins, “He sends forth his word and thaws them.”17

A thaw began the next day.




“Eyes Glazed Over with Ice”

By the turn of the 18th century, the population was growing rapidly in the colonies, quadrupling from 1650 to 1700, when the total reached about 250,000. More people meant more needs and more impacts from snow. With the consent of the mother country, an intercolonial postal system was established linking Massachusetts, New Hampshire, New York, and Pennsylvania. It was no match for the winter of 1704–1705, however. In what was believed to be the first public account of snow-related road closings in the New World, a succession of profoundly heavy snows from Philadelphia to New England knocked out the nascent mail service for six weeks. Drifting to impossible depths, the snows closed all the postal roads. Philadelphian Isaac Norris wrote, “We had the deepest snow this winter, that has been known by longest English-liver here. (Liver would be inhabitant, not organ.) No traveling; all avenues shut; the post has not gone these six weeks.”18

The winter of 1704–1705 and the following one were among the 25 in the 18th century that Ludlum classified as either “very severe” or “severe.” An Arctic outbreak that arrived right at the end of 1705 was blamed for the fatalities of 132 crew members who froze to death after their ship was grounded by gale-force winds not far from New York.19

Testifying to the extreme nature of those winters is the fact that the winter of 1716–1717, the year of the so-called Great Snow, didn’t make the cuts on either of the two lists. In a letter to the Royal Society, Cotton Mather spoke of a February 20 storm that year “so violent as to make all communication between neighbors everywhere to cease.” Four days later, a Sunday, “Another snow came which almost buried the memory of the former, with a storm so famous that Heaven laid an Interdict on the religious assemblies throughout the country.”20


Mather frequently corresponded with the Royal Society to share his New World scientific observations, and Thoreau considered his account of that winter as the masterwork of the “Keeper of the Puritan Conscience.” When the snows melted, Mather said that cattle “were found standing dead on their legs” and “others had their eyes glazed over with ice.” Of 100 sheep pulled from 16-foot snow piles, he wrote, 98 were dead, and two “kept themselves alive by eating the wool of their dead companions.” Orchards were destroyed, “for the snow freezing to a crust, as high as the boughs of trees, anon split them to pieces.”21

Mather viewed the wintry assault as indicative of a “time of much rebuke from Heaven upon us…. Such storms and heaps of snow, visit us in the approach of spring, as were hardly ever known in the depth of winter.” He advocated a “day of humiliations and supplication.”22

According to the government’s official account, the February 20 and 24 storms weren’t even part of the Great Snow, which actually consisted of four snowfalls from February 27 to March 7. As much as five feet were observed in Boston, with drifts covering second-story windowpanes.

In the first four decades of the 18th century, the colonies experienced 10 winters on the Ludlum severe lists. Then came the “Hard Winter” of 1740–1741. “The elements have been armed with such piercing cold and suffocating snows,” the Rev. James MacSparran told his congregation in Narragansett at the end of that winter, “as if God intended the air that he gave us to live and breathe in, should become the instrument to execute his vengeance on us for our ingratitude to his goodness.”23

Ludlum said he never found evidence of a winter before or after to match that one for persistent cold and heavy snows. Yukon air masses that poured across the Northeast after a succession of storms locked waterways in ice from the Mid-Atlantic to New England. Boston Harbor was frozen solid for 30 days. A piece of Long Island was joined to the mainland by a highway of ice, and shipping at Philadelphia was suspended from December 27 to March 27, as icing closed off the Delaware River. Snow drifts choked highways throughout the Philadelphia-to-Boston population corridor.24

From 1700 to 1750, the population of the colonies quadrupled yet again, to almost 1.1 million, and since so much of that growth was from Virginia to Massachusetts, the impacts of snow were becoming more significant, and the accounts more plentiful.

Perhaps the most well-documented snowfall of the colonial era was the “Washington and Jefferson Snowstorm,” so designated because descriptions of it appear in both men’s diaries.


It was the “deepest snow we have ever seen,” Thomas Jefferson wrote. In Albemarle, near Monticello, “it was about three f. deep.” The storm was an ordeal for Jefferson and his new bride, who were returning from their honeymoon on the afternoon of January 26, 1772, when the snowfall became so heavy that they had to abandon their carriage and struggle through the intensifying snows on horseback over a mountain trail for eight miles. “They arrived late at night,” Jefferson’s daughter wrote, “the fires all out and the servants retired to their houses for the night. The horrible dreariness of such a house, at the end of such a journey, I have often heard both relate.”25

The snow evidently started later in Mount Vernon, which would have been a typical precipitation pattern for an Eastern snowstorm. George Washington reported that it had begun during the night and that five or six inches had accumulated by morning. It continued throughout the day and into the next, and the future first president complained that he was confined to a white prison, “the snow being up to the breast of a tall horse everywhere.” Several inches were recorded as far south as Winston-Salem, North Carolina. Two years later, snow would fall in Florida, although colonial historian John Lee Williams, perhaps concerned about the future Sunshine State’s image, used the euphemism “white rain.”26




History’s Most Famous Wintry Mix

Three of the Ludlum 18th-century severe winters coincided with the American Revolution. Malnutrition and exposure were blamed for contributing to 2,500 deaths at Valley Forge during the encampment in the winter of 1777–1778, but that one also failed to make the Ludlum lists. The preceding winter did, and its signature moment was one of the most famous winter storms in history. A powerful nor’easter commenced affecting the Mid-Atlantic region on Christmas 1776. Jefferson reported measuring 21 inches of snow at Monticello. About 250 miles to the northeast, in the areas around Philadelphia, the snow totals were about half that, but conditions were made all the more punishing by the sleet and freezing rain that held down accumulations. That is a common occurrence during storms in areas closer to the ocean—the Atlantic is only 60 miles from Philadelphia—as winds from the east import warmer air aloft that causes a precipitation changeover, while the cold at the surface is more tenacious. The result is sleet, which is melted snow that refreezes on its way to the ground, or freezing rain, which is rain that freezes on contact.

Those icy conditions have been forever frozen in American lore. On Christmas night, Washington executed his legendary crossing of the Delaware from north of Philadelphia. Washington’s troops marched nine miles in the punishing mixture of snow and falling ice to Trenton, famously engaging and defeating the Hessian soldiers allied with the British.

Ultimately, the American victory in the Revolution would bring profound change to the New World. The loosely allied 13 British colonies would become the United States of America. Some argued that the climate was changing, both the political and the natural, a subject that would come up again.

One thing didn’t change: It continued to snow.








CHAPTER TWO
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Snowmen

 Giants of Snow Research

The settlements of the New World coincided with the predawn era of snowflake research in the Old World. On a practical level the ongoing pursuit of that science holds immense potential value to transportation interests and highway departments that try to keep wheels and wings in motion, and to meteorologists, who have long struggled with accumulation forecasts, often to the vexation of an impatient public.

An unlikely modern figure in this pursuit of the enigma of the snow crystal works in the unlikeliest of venues. Kenneth G. Libbrecht is a powerhouse in the field of astrophysics, an award-winning professor at Caltech, one of America’s leading collection points for brainiacs. He is among the scientists involved in the LIGO—Laser Interferometer Gravitational-Wave Observatory—project, which is in a grand hunt for Einstein’s ripples in space-time. Libbrecht is also in a grand pursuit of the enigmas of something that falls from the sky on Planet Earth: the snowflake, what he sees as one of the more fascinating manifestations of the mysteries of the universe. Never mind that Caltech is located in Pasadena in deep Southern California, where the flakiness ordinarily has nothing to do with snow, and, yes, Libbrecht is familiar with the stereotyping and doesn’t take it personally.

It is estimated that about half the world’s population has not experienced snow. Although the city is several hundred feet above sea level, until February 21, 2019,1 it was safe to assume that most of the residents of Pasadena likely would have fit into that category. That day flakes were sighted, although they vanished as magically as they had appeared; at the nearest official measuring station, located at Los Angeles International Airport, the snow total for the day was 0.0. The last time snow in Pasadena had registered anything on the centimeter side of the ruler—and in that case, 1.27 centimeters, or 0.5 inches—was on January 21, 1962, when Richard Nixon was running for governor of California.2 When I visited Libbrecht and his laboratory, a splendidly chaotic exhibit of Styrofoam, FlexFix silver tape, spaghetti bowls of wires, and assorted other paraphernalia, it was a cool-ish day for early February in Pasadena—as in temperatures in the upper 50s. That didn’t bother him; his lament was that the endless Pasadena summer was only days away.

So why is he so interested in snowflakes? It has nothing to do with the challenges of accumulation forecasts or promoting the efficacy of freeing the nation’s transportation network from the bondage of snow and ice.

“I feel that with over 6 billion people on the planet,” he has said, “surely a few of us can be spared to ponder the subtle mysteries of snowflakes.”3 He is not sure where it might be leading, and that’s almost beside the point. Oscar Wilde once said that all art is useless; Libbrecht said a similar case could be made for much of science. He says he is often asked what is the practical application of his snow research; he counters that no one asks the same question about astrophysics. He notes that scientific history is full of examples of interest-driven, motive-less research that ultimately had quite significant unforeseen impacts. He has cited Michael Faraday, the 19th-century physicist, who was asked what could possibly result from his discovery that magnetic fields could produce electric currents. Mathematical research conducted in the mid-19th century formed the bases of search-engine algorithms. Take liquid crystals. Chemists became intrigued with them in the 1920s because of the peculiar visual effects they created. No one conceived that they would one day be ideal for video-game displays.4

Libbrecht said he likes to tell his students, “Enjoy the process.” It’s okay to learn about something simply because it piques your interest. When we met, he was writing a book about the science of snow crystals, confident that no one would read it. So what? He has pursued snow crystals because they are. Among contemporaries, he has opted for a detour to follow a path less traveled by, visiting places he never had anticipated his research would take him. In doing so, he is aware that he has followed in some giant footsteps.5


A Six-Sided Enigma

While Europeans were settling in the New World, in the Old World, Johannes Kepler, Rene Descartes, Robert Hooke, and other intellectual titans were redefining the frontiers of science and mathematics. Kepler’s laws of planetary motion, Descartes’s fusing of geometry and algebra, and Hooke’s hypothesis about the origins of color would alter the ways humans perceived the universe. The three had unique, disparate, and expansive interests. This is an age of specialization, and while Libbrecht agrees that is true in physics—and also especially true in meteorology and oceanography—once upon a time it was acceptable for scientists to care about more than one thing.

Kepler, Descartes, and Hooke did share at least one interest: the snowflake. Nature is the ultimate magician, its mastery ever evident in the visible and invisible world of water, and as Libbrecht would centuries later, Hooke, Kepler, and Descartes all indulged in the spell of the crystals. The written record of the ongoing pursuit of the scientific mysteries and the cross-examination of the snowflake more or less begins with them. Their analyses and ruminations were at turns learned, witty, profound, and insightful. From a personal perspective, I was delighted to learn that the snowflake had found its way into the prodigious minds of people with such diverse interests, the way it can find its way into the architectural niche of a cathedral. It also made me less self-conscious about pursuing my own interest. Snow is a great equalizer.

Wilson Alwyn Bentley had about as much in common with Kepler, Descartes, and Hooke as Ken Libbrecht and this author, which is to say less than not much. He was two centuries removed from the Scientific Revolution and a homeschooled Vermont farmer. Yet, with no formal training whatsoever, he changed the way humans perceived the snowflake—more properly, the snow crystal. This diminutive man became a towering figure in the history of snow science. He was the one who first exposed the inner lives of these “crystal masterpieces” that sprouted magically upon the tiniest of particles from volcanoes, from the reproductive fallout of plant life and interstellar dust. With a primitive but inventive contraption he crystallized what had captured Kepler, Descartes, and Hooke.




The Invisible World

Bentley’s entree into the secret cosmos of the snowflake was the invention that revealed the architecture and inner life of the invisible world: the microscope. This deserves more than a few words about its role in revealing the artistry of the snow crystal.

If science had a Hall of Fame, the inventor of that ingenious device would have an exalted place. Unfortunately, no one is quite certain who that person or persons might have been or precisely when the eureka! moment occurred. Magnification is an ancient concept; with the invention of glass, the Romans were well familiar with the concept. But the “compound microscope” as we know it wasn’t developed until deep into the Renaissance. A pair of Dutch opticians, Zacharias and Hans Jansen, are credited with assembling the first one.6 In the late 16th century, they discovered that by stacking several lenses inside a tube, the object at the end appeared dramatically larger. Galileo, who might have been the first to use the term “microscope,” was quoted as remarking that “with this long tube” he had seen “flies which look as big as a lamb.”7

Kepler saw the potential, and both he and Galileo are credited with important insights that led to the perfecting of the concept8; however, both Kepler and Galileo would claim their exalted places in scientific history by focusing on the larger universe rather than the heretofore unimaginably small. As for snowflakes, if Galileo or Kepler used magnification to investigate the riddles of the crystals, they left no record of it.

Kepler’s attention was first drawn to them providentially, he wrote in his whimsical 1611 treatise, De Nive Sexangula. While walking across a bridge in Prague, “specks of snow” fell upon his coat, “by happy chance.”

Kepler held that the key to a flake’s career was embedded in the fundamental character of water vapor. “There is thus a formative faculty in the body of the earth, and its vehicle is vapor, just as breath is the vehicle of the human soul.” He offered several hypotheses for the fact that all the crystals were hexagonal, concluding that it was not related to a survival strategy or anything that could be identified clearly as practical. Nothing in the shape suggested that it would ensure a crystal’s safe landing, for example. The snowflake, he suggested, might well exist for the pleasure it might bring to the observer.

The hexagonal consistency, he opined, “cannot be chance. Why always six?” Straddling the Age of Faith and the Scientific Age, Kepler postulated a supernatural explanation: “Supreme reason … I cannot believe that this ordered shape is present by chance.”9

The hexagonal repetitions constituted an ancient source of curiosity. Chinese philosophers had remarked on the peculiar six-sidedness as early as 135 BC. Chinese scholar Han Yin observed that snow crystals are “always six pointed.” In the 6th century, poet Hsaio Tun wrote, “The white snowflakes show forth their six-petaled flowers.”10

More than a thousand years later, Descartes was struck similarly by the symmetry of the crystals, but he also saw in the shapes of the crystals evidence of dramatic and chaotic careers. Libbrecht pointed out that Descartes was a physicist. Descartes was reveling in the “euphoria” of his “discovery of the scientific method,” observed British physicist Francis Charles Frank. “Descartes could persuade himself of his ability to explain anything.” Yet, that “blended strangely, almost uniquely, with his capacity for exact perceptive observation.” Remarking on what he witnessed in snowfalls in 1635, Descartes wrote, “I only had difficulty to imagine what could have formed and made so exactly symmetrical these six teeth around each grain in the midst of free air and during the agitation of a very strong wind.” He then deduced that the wind was a promoter, not a saboteur, of a crystal’s symmetry.


This wind had easily been able to carry some of these grains to the bottom or to the top of some cloud, and hold them there, because they were rather small; and that there they were obliged to arrange themselves in such a way that each was surrounded by six others in the same plane, following the ordinary order of nature.11



As were Kepler and Galileo, Descartes was familiar with microscopes. Yet, as with his predecessors, if he ever considered using them to examine snowflakes or any other objects, he left no record. It was not until a generation after Descartes’s ruminations that such a record was produced.

Just as the microscope introduced the invisible world to the scientific community, Robert Hooke drew the world’s attention to the microscope. His astonishing Micrographia, the first major attempt to publish images of this magnified universe, became the first science book to make the best-seller list. Diarist Samuel Pepys purchased a copy of Micrographia, and when he got around to reading it several days later, he literally couldn’t put it down. He pored through it until 2 a.m. and declared it “quite remarkable” and the “most ingenious book that I ever read in my life.”12

“I made use of microscopes and some other glasses and instruments that improve the sense,” Hooke wrote, “both in the surveying the already-visible world and for the discovery of many others hitherto unknown.” He declared exuberantly, “By this the Earth itself, which lies so near us, under our feet, shows quite a new thing to us, and in every little particle of its matter; we now behold almost as great a variety of Creatures, as we were able before to reckon up in the whole universe itself.”13

Hooke was a prominent member of the Royal Society and had worked as a lab assistant to Robert Boyle, and is said to have built the vacuum tubes that helped Boyle discover the gas laws. A philosopher and an architect, Hooke had eclectic interests, as did other intellectuals of his era. Due in large measure to Micrographia, however, he would be most remembered for his work with the microscope. In an effort to share with readers what he, himself, saw, Hooke applied a talent for drawing that he had developed in his youth.


The book, published in 1664, was a graphic sensation, and not just in the opinion of Pepys, with engravings and fold-out pages of his drawings of insects. Hooke had a reputation for being irascible and combative (then again, so did Beethoven), but he obviously had a highly cultivated sense of wonder that added fresh perspectives on ordinary objects.

Through the power of the microscope, he found, insects otherwise unexceptional to the naked eye—the flea, the louse—were transformed into alternately monstrous, delicate, and complicated beings. When Hooke examined a fragment of cork, he saw structures that evoked honeycomb cells or the monastic cells in which the monks slept, and he is believed to have been the first to use the term “cell” in the biological sense.

Hooke was determined to capture his subjects’ architectures with as much resolution as possible. One particularly difficult subject was an ant that refused to play the cooperative model. Hooke acted. “I gave it a Gill of Brandy, or Spirit of Wine,” he said, “which after a while e’en knock’d him down dead drunk, so that he became moveless.”14

He also attempted to capture images of an even more elusive object: the snowflake. His drawings represented the most ambitious attempt yet to introduce the public to their appearances in magnified form. Hooke admired an “infinite variety of curiously figured snow” and included several examples in his book. A few of them look more like fish bones than snow crystals, but most do at least capture a variety of hexagonal shapes.15

While London was less generous with snow samples than the colonies that constituted the “New England Confederation,” Hooke was living in the heart of the Little Ice Age, an era when temperatures were significantly lower than they are today.16 For a variety of reasons, England did not experience snowstorms of the New World’s magnitude, but the London winters almost certainly were snowier than they have been in the 21st century and the snow cover more tenacious after it had landed. Thus, Hooke would have had plentiful subject matter.

The bigger challenge, as Wilson Bentley later discovered, much to his frustration, would have been replicating the intricate details of such an evanescent subject.

Hooke, an astute observer, said of the crystals, “The bigger they were magnified, the more irregularities appeared in them.” He hypothesized that before its descent a crystal had existed in a Platonic state but that its perfection was compromised by the “thawing and breaking of the fall.” Micrographia does not discuss how he transferred the flakes to his slides, and it is possible that melting and evaporation had something to do with the deterioration of form; however, his insight that a flake would undergo changes on its earthward journey represents an important clue about the changes that snow underwent on a trip that could last for three hours.

Hooke also was struck by the same aspect of the flakes that had drawn the attention of Chinese philosophers and Kepler and Descartes: the signature geometry. “They were always branched out with six principal branches all of equal length, shape, and make from the center.”17

For whatever reasons, the curiosity exhibited by Kepler, Descartes, and Hooke about the origins and artistry of snow crystals was absent in the 18th century. That is perhaps surprising given the eclectic interests of New World Enlightenment figures Thomas Jefferson and Benjamin Franklin, both diligent weather observers. The exploration of the snowflake’s secret, however, would take a quantum leap in the 19th century.




A Farmer’s Dream; a Father’s Rebuke

Wilson Bentley was a slightly built teenager who worked on the family farm in the heart of Vermont snow country. He was the son of a former school-teacher. He also was his mother’s prized pupil, and she educated him at the Bentley homestead in Jericho. If “Willy” Bentley ever did spend time in a conventional classroom, it wasn’t much, recalled Sue Richardson, his great grandniece, who grew up in the Bentley household at a time when it was common for four generations to occupy the same dwelling.18 Willy, achingly shy, passed whatever free time he had devouring every book he encountered. On February 9, 1880, his 15th birthday, his mother gave him a life-changing gift, a microscope she had used in her teaching days. Willy became addicted to the magic of magnification. He began looking at anything he could place on a slide. Biographer Duncan “Dune” Blanchard, a Ph.D. atmospheric scientist at MIT, declared him the world’s first cloud physicist.

“When the other boys of my age were playing with popguns and slingshots, I was absorbed in studying things under this microscope: drops of water, tiny fragments of stone, a feather dropped from a bird’s wing, a delicately veined petal from some flower,” Bentley wrote. Bentley authored an authoritative treatise on raindrops and another on human smiles—seriously.19

But what captured his attention more than any other object? “Always, from the very beginning, it was snowflakes that fascinated me most,” he reflected. “The farm folks, up in this north country, dread the winter; but I was supremely happy, from the day of the first snowfall—which usually came in November—until the last one, which sometimes came as late as May.”20

Jericho is about 15 miles east of Vermont’s largest city, Burlington. Chilled by stinging winds off Lake Champlain, the Burlington winter has a hard-earned reputation as long, frigid, and snowy. In the highlands of Jericho, winters aren’t quite like Burlington’s: They are longer, more frigid, and snowier. Thus, Jericho was an ideal venue for Bentley to indulge his fascination. That, he did.

Bentley was an accomplished musician, and Dune Blanchard tells the story of the night that Bentley was the pianist at a farmhouse square dance, a popular seasonal ritual during the enduring Jericho winters. Right before the dance ended, several boys went outside and removed the wheels from his buggy and replaced the order, mounting the larger wheels on the front and the smaller ones on the rear. “He went home like that and drove the buggy several days before he noticed it,” a witness told Blanchard. “I don’t know what you’d call that.”21 Call that anything but absentminded, which, along with the likes of “near miss,” is one of the more egregious misfires of the language. Bentley was very much present-minded. He deconstructed the snowflake with a laser focus.

For all the raw material he had to work with, finding just the right specimens for scrutiny was his first challenge. Historically, the term “snowflake” has been used interchangeably with “snow crystal.” The latter, which is scientifically correct, refers to an individual six-sided crystal. A snowflake can be a conglomeration of hundreds of crystals and fragments. Bentley’s research affirmed that Descartes was correct: The earthward journeys of snow crystals could be the antithesis of the tranquility ultimately affected by a generous snow cover. Some crystals smash into one another, breaking into bits, or latch on to others that collect crystalline material. To the observer at the surface, these conglomerates might appear as a single flake, but Bentley knew the distinction and always was careful in his technical writing to use the term “snow crystal.” When he sought his specimens for observation, he looked for the loner crystals that had survived the trip or those that had broken off from the crowd when a conglomerated flake smashed into a surface.

Once Bentley identified and captured his subjects, the obstacles became more formidable. He set up his “laboratory” in an unheated woodshed that was more like a walk-in freezer. The average January temperature in Jericho was in the upper teens, or about 50 degrees below room temperature, but few things in the known universe are more evanescent than the snow crystal, and nothing would accelerate the vanishing process more than heat. While examining the flakes, he had to hold his warm breath for as long as he could.22

Among the “necessary accessories” for crystal acquisition that Bentley itemized were “a pair of thick mittens; … a feather, and a turkey wing or similar duster,” and a one-foot-square blackboard “with stiff wire or metal handles at the ends, so that the hands will not touch and warm it.”


He caught the falling snow on the blackboard and scanned it with the naked eye or through a magnifying glass to identify the candidates. He used the feather duster to keep his dark staging platform clean until “two or more promising specimens alight upon it,” at which point he would whisk the board into the unheated shed, racing against the corruption or outright extinction of his subjects. Said Bentley, “The utmost haste must be used.”

He transferred his “promising specimens” from the blackboard to the microscope slide with a sharply pointed piece of wood that he placed in contact with a crystal until it adhered to it. Typically, several crystals would occupy a single slide, each receiving an instant’s glance. Multiple crystals exuded a cooling that had the advantage of supplying a refrigerant effect throughout the slide. Bentley held his breath while he examined his slide. With even a trace of exhalation on them, the subjects were lost forever.23

Bentley would exhale away from the microscope and then attempt to draw what he had seen.24 Melting wasn’t the only threat to crystals’ lives, however. They were quickly compromised and eroded by evaporation, particularly at the ultra-delicate tips. It didn’t matter if the temperature was below zero. The chameleonic qualities of water are indefatigable. By Blanchard’s estimate, a snow crystal, even in that frigid room, would have survived only a matter of minutes. Imagine attempting a detailed drawing of a model who could pose for only a few minutes. This was what Bentley was up against. For three years he tried his hand at illustrating the crystals he had selected so carefully, but knew he had to come up with another way to do justice to these natural masterworks. Fortunately, he was about to get a major assist from an emerging technology.




A Picture of Tenacity

In the early 1880s, photography was a nascent and developing pursuit. The Bentleys had a family relative, Henry Seeley, who operated a portrait studio in Connecticut, Richardson recalled.25 Seeley often came back to his native Jericho for visits and conversed with Willy frequently. “I got him his first camera,” Seeley told Blanchard, “and showed him the making of plates, and whenever there was a new book published on photography, I used to send it to him.” Bentley, he recalled “was a genius,” and a quick study. The student became a teacher. “It was not many years before he could give me information.”26 How Bentley learned about the art of microphotography is unclear. Since he read everything he could get his hands on, it is possible he came across technical treatises about a process developed in Europe coupling the powers of the camera and microscope. By the mid-19th century, scientists and physicians were using photographs of enlarged images for serious research purposes. Evidently no one had considered blending the microscope and the camera to secure photographic images of snow crystals.

Given his prodigious imagination and creativity, it is also possible that Bentley intuited that he could fashion such a contraption. However he learned of the possibilities, he confronted a fundamental barrier. He would need a camera, a better microscope, and for both he needed something neither he nor his family had much of: money.

Bentley was 17, and with his duties around the farm, from milking cows to working the potato fields, he had no opportunity to supplement his earnings. A camera and a new microscope, devices that had absolutely nothing to do with the demands of agriculture in an age predating labor-saving machinery, were extravagances that a Vermont farm family hardly could afford. His father was resolutely opposed to the purchases, so Wilson Bentley did what so many offspring have done through the ages: He appealed to the seat of power in the Bentley household, his mother, Fanny Colton Bentley. And as mothers have done through the ages, she prevailed.

His father agreed to part with 100 precious dollars—roughly $2,500 in today’s currency—for something he viewed as useless, although ultimately, he parted with the money unresentfully.27 The father didn’t realize that he was making an immense contribution to the history of snow science. In fact, he never would. “You can imagine, or perhaps you cannot, unless you know what the average farmer is like, how my father hated to spend all that money on what seemed to him a boy’s ridiculous whim…. He never came to believe it was worthwhile,” said Wilson.28

How the Bentleys managed to come up with that $100 was long a mystery, finally solved by Sue Richardson, an avid genealogist. She discovered that after Fanny Bentley’s parents died, they left her a bequest that happened to include $100. That was the money Willy used for his equipment.29

Bentley acquired a bellows camera and the least expensive Bausch & Lomb microscope available. His plan was ingenious. The microscope was equipped with a joint so that the upper part could pivot horizontally. The accordion-like bellows provided a light-less corridor. Inside the unheated room he mounted his makeshift apparatus atop a three-foot-high table with a two-square-foot surface. To his frustration, Bentley, who had short arms, discovered that he was unable to reach the microscope’s focusing knob from the rear of the camera. With the rapidly changing and melting crystals, if he wanted to capture the images in a pure state, he could not spare the precious time required to shuttle back and forth from the knob. So with string and pieces of wood, he rigged up a pulley device that allowed him to focus while staying put.

Bentley removed the conventional camera lens, and his “shutter” was a black card placed over the objective. To take his pictures, he removed the makeshift shutter and replaced it after the exposure period, which varied from eight seconds to almost two minutes. And the results? Lamented Bentley, “I failed over and over again!” A farm was no place to seek technical assistance. Bentley understandably was anxious. “Here I was with this expensive apparatus that had been given to me so reluctantly. I had been sure I could do wonderful things with it. The winter slipped away, and I was almost heartbroken.” The winter of 1883–1884 passed without a single successful photograph.30

After that particularly frustrating first winter, Wilson Bentley, himself, worried that his father was onto something, that the entire project was an expensive waste of time and precious money. Bentley defaulted to a trait that served him well: persistence. The following winter, he made some crucial adjustments in lighting31 and increased the exposure times. It is uncertain whether he had consulted with Henry Seeley or anyone else, but on January 15, 1885, as five inches of snow lay outside his woodshed, it was clear that Bentley had solved his problems. At age 19, on that day he produced the very first photomicrograph of a snow crystal. “I knew then that what I dreamed of doing was possible,” he said. “It was the greatest moment of my life!”32

Bentley’s fame wasn’t exactly instant. He lived off his share of the modest income from the family farm, which he had to supplement by giving music lessons. All the while he continued his microphotography of snow crystals. He was articulate and eventually wrote about his findings and hypotheses prolifically, sometimes poetically, and with erudition. That writing facility, too, would come later, however.

Although Bentley knew he had accomplished something startling, his achievement evidently wasn’t celebrated, even in his household. That would come later, Richardson said.33 As for sharing it with the world, in Blanchard’s view Bentley clearly was self-conscious about his lack of academic credentials and believed that he could add nothing to the knowledge base of the scientific community. He also was insecure about his writing ability. Bentley allowed that he once submitted an article to a New York paper but that it had been rejected. “I can’t write well, you know,” he once told an interviewer.34

If Bentley was discouraged about his ability to communicate his findings, it didn’t stop him from continuing to take his amazing photographs, and by March 1898, he had a portfolio of 400 of them. That year his reputation took a giant step outside of Jericho. He made his first big sale, although “sale” might not be the appropriate word. The Harvard Mineralogical Museum accepted his entire collection—the arrangement that did not fatten his bank account.

According to an article in the Proceedings of the American Academy of Arts and Sciences dated April 13, 1898, Bentley “sold” the prints for a “nominal cost.” What Bentley received in return, however, transcended money. The article had high praise for Bentley’s meticulous presentation, noting the collection’s “scientific value is enhanced by his notes,” which included extensive observations about the meteorological conditions at the times the crystals were photographed. It said the images constituted a “monument to the patience, skill, and enthusiasm of the maker.”35

Perhaps emboldened by his success with the Harvard museum, Bentley intensified his efforts to “share my treasures” with the rest of the world. To that end, he made the 16-mile trek west to Burlington, armed with some of his crystal images.

He took his treasures to the University of Vermont to show them to Professor Henry Perkins. In Perkins, Bentley found a kindred spirit, a throwback to the Scientific Age in that he was a man of eclectic interests who had written several books on botany and geology. It is possible that Bentley came upon his name when devouring encyclopedias at his home; Perkins had written articles for Encyclopedia Britannica and others.36

More likely, said Richardson, Bentley had not set out specifically to meet with Perkins but wandered about the campus seeking advice on just who might be interested in his photographs37; however, he ended up visiting Perkins, and he couldn’t have made a better choice. Examining Bentley’s images, Perkins recognized that he was in the presence of something special. He was amazed at the quality and told Bentley he absolutely must write about them. “I tried,” said Bentley. By his account, he failed, and he had Perkins author a paper for him. Perkins’s account of that paper’s production was quite different. In the footnote to the paper bearing both their names, he gave almost a lion’s share of the credit to Bentley, saying the important aspects of the article were the result of Bentley’s “untiring and enthusiastic study of snow crystals.”38 As for the writing, the paper bears clear evidence of the hand of Bentley.

The remarkably perceptive article was published in the May 1898 issue of Popular Science Monthly. Without specifically mentioning Robert Hooke or Bentley’s own previous efforts, the authors noted that heretofore, “skillfully executed drawings” were the only means of examining a variety of snowflakes. No drawing, however, could capture the intimate details of a flake’s interior life. By contrast, as Perkins must have realized, Bentley’s revolutionary photomicrographs penetrated the crystal’s deeper secrets. As for the writing, certain passages paralleled Bentley’s signature prose style that would appear later in solo articles.

The phrase “no two snowflakes are alike” is often attributed to Bentley. Libbrecht quite accurately opined that just about everyone at some point has heard the phrase and virtually no one can remember where he or she first was imprinted with that axiom. Maybe it is written on the wind. But what does it mean, exactly? By simple observation, snowflakes do appear to be very much “alike,” and perhaps the phrase “no two snowflakes are alike” was our first introduction to the concept that things aren’t quite what they seem. While most people understand the concept expressed by the phrase, the wording, itself, is imprecise, and it is not how the concept was expressed in the Bentley–Perkins paper. “So varied are these figures that, although it is not difficult to find two or more crystals which are nearly if not quite the same in outline, it is almost impossible to find two which correspond exactly in their interior figures,” they wrote. The article exhibited a precocious understanding of snowflake morphology that would have made Descartes proud, if not envious. It hypothesized that crystals that originated in higher, colder clouds tended to be finer and “less branched” than those from the warmer environments of lower clouds; however, the crystals from on high, “as they fall through layer after layer of clouds, each layer subjecting them to its own special conditions, they may be greatly modified, and by the time they reach the earth they may closely resemble the crystals from lower clouds.” Nevertheless, “they can usually be distinguished from them by an examination of the internal structure, as well as by, in some cases, their general form.”

A careful examination of the structure


not only reveals new and far greater elegance of form than the simple outlines exhibit, but by means of these wonderfully delicate and exquisite figures much may be learned of the history of each crystal, and the changes through which it has passed in its journey through cloudland. Was ever life history written in more dainty hieroglyphics.39



These observations bear Bentley’s stylistic imprint as plainly as crystals bear the imprints of atmospheric conditions encountered on their earthward journeys; Ken Libbrecht, who has read and written more scientific-journal prose than most living human beings, affirmed that the term “cloudland” is not the stuff of academic journals.


The article’s publication was a breakthrough for Bentley. He would go on to publish 50 popular articles and 11 technical papers. In 1920 and 1921, his work was the subject of articles that appeared in the New York Tribune, Boston Globe, and Philadelphia Public Ledger, the predecessor of my employer. In a piece carried in the Christian Herald, Bentley described snowflakes as “gems from God’s own laboratory.” He wrote,


How wonderful, how very complex must be the processes going on up above at such times. Could we but boat upward with these wonderful water molecules and see the snow crystals form, atom by atom, spangle by spangle, how absorb-ingly interesting would be the experience, and what wondrous secrets and hidden processes we might witness.40



Bentley meticulously cataloged his microphotographs, from number 1, on January 15, 1885, to number 5,381, on March 1, 1931, recounts biographer Blanchard. Just a few months before he died of pneumonia, two days before Christmas 1931, McGraw-Hill published Snow Crystals, showcasing almost 2,500 of Bentley’s photographs. As testimony to his growing stature in the meteorological community, his collaborator was William Humphreys, chief physicist at the U.S. Weather Bureau, who helped raise money for the project. Humphreys, then president of the American Meteorological Society (AMS), had advocated passionately for preserving Bentley’s work. In an eloquent speech in front of AMS members in May 1930, he argued for the urgency of saving what he called “meteorology’s frozen assets.” He said that while many of Bentley’s photographs were available for public view, countless more in Bentley’s custody could be lost by an act of nature. With the publication of Snow Crystals, the work of this “rare and kindly genius,” Humphreys wrote in the introductory text, “would be made liquid—readily available to the scientist, the artist, the layman.”41 I would say that Mr. Humphreys, himself, had a writerly touch.




From Jericho to the World

The publication of Snow Crystals marked a watershed in the history of snow-crystal research. The book came into the hands of an admirer more than 6,000 miles away, brilliant Japanese nuclear physicist Koichiro Nakaya, one of Libbrecht’s heroes. Inspired by Bentley’s work, in 1932 Nakaya began his own investigation of the snow crystal, adding new layers of insight atop the knowledge accumulated by the Vermont farmer.


Being a physicist, Nakaya had difficulty finding work in Tokyo, Libbrecht said, so he ended up accepting a job as a professor of physics at Hokkaido University in Japan’s northernmost island. Hokkaido was an elite university—a Japanese MIT or Caltech.42 When he accepted the position the department was poorly funded, and it had no nuclear facilities. What the campus did have was snow. The university was located in the city of Sapporo, which has an annual snowfall of almost 200 inches. Nakaya, the nuclear physicist, took to studying snow crystals. He mined the nearby mountains for specimens, and following Bentley’s model he used a microscope-camera apparatus to assemble 3,000 images. Nakaya then took a monumental step.
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