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  PROLOGUE





The Useless Pursuit of Shadows


‘Then what do you love, you extraordinary stranger?’


‘I love clouds . . . drifting clouds . . . there . . . over there
 . . . marvelous clouds.’


– Charles Baudelaire, 18621


AT SIX O’CLOCK one evening in December 1802, in a dank and cavernous laboratory in London, an unknown young amateur meteorologist untied a bundle of handwritten pages, carefully balanced a roll of watercolour drawings beside his chair, and prepared himself to speak on a subject curiously at odds with his subterranean surroundings. It was a cold evening, colder still in the basement of the old building in Plough Court, and as the young man rose to address his audience, answering the supportive smiles of one or two of his friends, his slight shiver might have been due to the cold as much as to anticipation.


He was dressed simply, in an unadorned black coat and a high white collar – the young urban Dissenter’s badge of plainness – and his reticent demeanour spoke of a natural modesty as well as trepidation. He could never of course have imagined that the evening was to make him famous, and as he cleared his throat and stared at the title of his lecture, ‘On the Modifications of Clouds’, there was nothing in the air to suggest that his life was about to change.


The usual discomforts of public speaking would have been worse for a Quaker, and worse still for one as self-doubting and preoccupied as the thirty-year-old chemist Luke Howard. Howard knew that his talents were not of the incendiary kind. They were not those of the flamboyant young Cornishman Humphry Davy, for example, whom he had recently met and whose rising fame as a scientific speaker told loudly of the worldly rewards of masculine looks and self-assurance. But Howard, whose mild hazel eyes peered out from his slender and serious face, at least felt himself to be largely among friends. Perhaps it would strike him later how unlikely his situation looked as a candidate for legend: there he was, an unknown speaker in an inauspicious room, the very subject of whose talk was new and untested. The subject was so new, indeed, that it had no defining term. Depending on how his ideas were received, the study of clouds might be hailed by his audience as a new and necessary branch of natural philosophy: ‘nephology’, perhaps, the science of the clouds – a term which did not in fact come into use until the end of the nineteenth century. Or if things went wrong that evening as he suspected they might, the enterprise itself might be dismissed in its entirety as a useless pursuit of shadows.


Most pioneers are at the mercy of doubt at the beginning, whether of their worth, of their theories, or of the whole enigmatic field in which they labour. Luke Howard was no exception. His hesitations, however, were beginning to attract the notice of the room. He registered an expectant silence among his audience, and someone from the blank of faces nodded at him to start. Some of the older audience members and their guests, after all, had to be over at Somerset House by eight o’clock that same evening, for the start of the more prestigious meeting at the rooms of the Royal Society (and of course for the excellent three-course dinner that was served to them afterwards in the dining room). They would have been in no mood to have found themselves delayed by the hesitations of an unknown amateur cloud-watcher.


But little did they know how they would continue to speak of the evening before them for years to come, or how that coming hour would live so long and so vividly in their memories. For they had been there when Luke Howard spoke; they had been there at the unfolding of an epoch.


As unaware as the audience of what fortune held for his future, Luke Howard took a deep and steadying breath and, like a listener at a spoken recital, he heard from afar his own quiet voice recounting the opening words of his address:





My talk this evening concerns itself with what may strike some as an uncharacteristically impractical subject: it is concerned with the modifications of clouds. Since the increased attention which has been given to meteorology, the studies of the various appearances of water suspended in the atmosphere is become an interesting and even necessary branch of that pursuit. If Clouds were the mere result of the condensation of vapour in the masses of atmosphere which they occupy, if their variations were produced by the movements of the atmosphere alone, then indeed might the study of them be deemed a useless pursuit of shadows, an attempt to describe forms which, being the sport of winds, must be ever varying, and therefore not to be defined. But the case is not so with clouds . . .2





And as the hour wore on to the sound of Howard’s voice, a singular journey began; a journey that would lift an unknown speaker from a chemical manufactory located in a courtyard off Lombard Street, EC1, up into the realms of scientific and Romantic celebrity. It is an hour to be remembered by historians and by day-dreamers alike, for by the end of his lecture Luke Howard, by giving language to nature’s most ineffable and prodigal forms, had squared an ancient and anxiogenic circle.


For by the end of his lecture Luke Howard had named the clouds.




 






CHAPTER ONE





The Theatre of Science


Science, illuminating ray!


Fair mental beam, extend thy sway,
And shine from pole to pole!


From thy accumulated store, 


From thy accumulated store,


O’er every mind thy riches pour,


Excite from low desires to soar,
And dignify the soul.





– Sarah Hoare, 18311


IT MIGHT SEEM DIFFICULT to imagine now, in this era of cool detachment, but in the opening years of the nineteenth century people cheered loudly at lectures. While filing through the doors into a lamp-lit hall, upon the arrival of the speaker and his mercurial props, or at signal moments of disclosure and display, audiences found opportunities to make themselves heard. It mattered little whether the speaker was a mechanic, a meteor zealot or simply an amateur showman on a mission to explain. Anyone with confidence and good vocal projection could arrange to appear at one of the endless assemblies of paying spectators that were springing up fast throughout the expanding cities of Europe and North America.


The full range of the philosophical shows and diversions available to audiences at the turn of the nineteenth century was various and impressive, particularly in the towns and cities of Britain, and especially in London, where there was nothing isolated or unusual about a lecture such as Howard’s on the clouds. As evening fell, the crowds assembled and the revelations began to unfold. And what a cast of revelations they were: every animal, vegetable and mineral known to man, samples of all four elements and challenges to all six senses, not to mention machines, inventions and novelties of every kind, were regularly paraded before the eyes of an astonished and insatiable public. There were demonstrations of fireworks, hydraulics, magnetics and mathematics. There were machines to show the revolutions of the planets, the eruptions of volcanoes, or the hidden operations of the human heart. There was even a machine – dubbed the ‘Eureka’ by its maker – for the production of Latin hexameters.2 Even a dead language could be brought to life by the magnificent actions of a machine.


By the end of the eighteenth century the grip of rational entertainment had firmly secured itself on the public mind, and had done so because it served the equal, if novel, demands of pleasure, instruction and imagination. Science had been on the rise for a century or more, and had now ascended to its height, where it drifted through the cultural atmosphere of the age. London, already blessed with the finest scientific and medical instrument makers in the world, was now the centre not only for empirical measurement but also for conjectural pleasure.


Such pleasure was relentlessly pursued. According to an article that appeared in the Observer on 27 July 1806, for example, the exceptional thunderstorm that had occurred the Thursday before ‘afforded ample opportunity at the Theatre of Science, 97 Pall Mall, to Mr Hardie’s talents in defence of his new Theory of Lightning’. It certainly did. The evening’s entertainment had begun with what were by then familiar galvanic experiments (‘among them the generation of various solid bodies from a mixture of different transparent gase’) but had gone on to culminate in a spectacular display of ‘meteors, aurora borealis, real lightning and other phenomena’, all demonstrated as alleged supports for Mr Hardie’s curious theory – stubbornly maintained against all the growing evidence to the contrary – that meteorological activity had nothing to do with electrical force.


More noteworthy than the hypothesis itself, perhaps, was the fact that well over a hundred people had paid to hear it – they were crammed into every inch of available space, with latecomers standing at the back. This was profitable entertainment at its best, delivering what the metropolitan audiences of late Georgian England wanted most of all to see and hear: the revelations of a profligate nature.


Yet Hardie’s ‘Theatre of Science’ was only one of dozens of such popular and paying concerns. West End theatres like the Hay-market, the Lyceum and the Duke of York’s, as well as coffee-houses, taverns and riverside pleasure-gardens were toured continually by philosophical showmen with their arrays of scientific and pseudo-scientific displays. The efforts of itinerant lecturers such as James Ferguson of Banffshire (1710–76) or the great Adam Walker of Westmorland (1731–1821) served to define the mainstream of public scientific understanding: uncritical, non-specialist and wide-ranging in its enthusiasm for the spiralling diversity of knowledge. Long queues formed outside Walker’s astronomy lectures at the Hay-market Theatre, where he showcased his illuminated twenty-foot model of the giddily revolving planets. His lectures, every bit as vivid as his props, were enormously successful and he was soon able to buy himself a house in Hanover Square from the proceeds. Walker was foremost in the train of self-made scientists who earned their livings by subordinating new findings in chemistry, physics and astronomy to the glorious reign of Spectacle, ushering onto the stage in rapid succession their hydraulic and hydrostatic machines, their Copernican models of the revolving solar system, their automatic chess-players and other mechanical marvels, or their baroque optical chimeras, such as the cloud of eerie smoke that slowly cleared to reveal the ghastly guillotined head of Antoine Lavoisier, the celebrated but doomed eighteenth-century chemist and tax collector. Lavoisier had been executed in 1794 by a Revolutionary Tribunal that was alleged to have declared, through the summing-up of the judge at his trial, that ‘the Republic has no need of scientists’. Although it has taken the French two centuries to come to terms with this act of uncompromising barbarism (‘it took them only an instant to cut off that head, but France may not produce another like it in a century’, as Joseph Louis Lagrange was to comment in tears), in England the episode was quickly recruited as a cautionary tale to be told against the excesses of French Revolutionary fervour.3 The gorily modelled head of the decapitated chemist, part of the ‘Phantasmagoria’ show held at the Lyceum Theatre, London, during the summer months of 1802, was flourished both as a piece of entertainment and as a tribute to the freedoms of British research. Luke Howard and his circle of philosophical friends, drawn from the young men and women of Dissenting London, were not alone in revering Lavoisier as a tragic intellectual hero, cut down in the prime of a brilliant career.


This theatre of knowledge was an important part of the climate of the Enlightenment era, an age often characterized as the Age of Reason, and it furnished the background to Luke Howard’s lecture on clouds. The leading players, among whose number he was soon to take his place, were always the scientific performers and, as in any other branch of dramatic performance, the reputations of the major stars commanded large audiences and commensurately generous rewards. The greatest of these performers, celebrated by lecturer and by pretender alike, was the Cornishman Humphry Davy (1778–1829), who became a wealthy London celebrity during the opening years of the nineteenth century. He was renowned for his extravagant and explosive demonstrations, for his speaking energy and for the mesmerizing eye contact with which he held his audiences spellbound during the entire chemical proceedings on stage. Davy was the dark-haired, romantic son of a Penzance carpenter and his looks and language were those of a poet, albeit a poet of enormous worldly ambition. Samuel Taylor Coleridge and Robert Southey maintained that Davy would have been a great poet had he not become a great chemist, while admiring women were heard to whisper that his eyes were made for something besides poring over crucibles.4


Here, then, was a man of enormous and powerful charisma, of star quality as we might say today, although had his own scientific research not been serious enough to overtake his growing reputation as a speaker he would now be one of the many mostly forgotten performers of the learned London stage. But at the outset of his London career (which was to culminate in his Presidency of the Royal Society), his fame was as a showman rather than an innovator. His work at the Pneumatic Institute in Bristol during the 1790s had already won him a reputation as the world’s most incandescent public speaker. It was inevitable that his career would take him to London, and when he gave his inaugural public lecture at the newly opened Royal Institution of Great Britain on 21 January 1802 porters were needed to keep the impatient crowds in check. Albermarle Street, it was reported in the press, was blocked with carriages for an hour. The new lecture hall itself, with its gallery, pit and slanting stage, was designed to give the elegant building as theatrical a feel as possible. Separate entrances had been designed to prevent the social classes from mingling, for as in other recent attractions such as balloon and parachute ascents, where ‘Sweeps, Gemmen, and Ladies all scamper’d together’, the Royal Institution was a popular (and populist) attraction.5 From there, Humphry Davy, black-eyed, magnificent and unstoppable, rose to become the presiding spirit of public science in Britain.


The handbills for his lectures promised electrical demonstrations, galvanic experiments and semi-controlled explosions of gases, all of which attracted large, excited and extremely vocal crowds who willingly paid their money to (in the language of the fairground) enter and be amazed. And it was with genuine amazement that Samuel Taylor Coleridge, after attending one of Davy’s demonstrations, recorded how a sample of ether ‘burns bright indeed in the atmosphere, but o! how brightly whitely vividly beautiful in Oxygen gas,’ while the lecturer himself was just as dazzling: ‘every subject in Davy’s mind has the principle of vitality. Living thoughts spring up like turf beneath his feet.’6


Soon, entire audiences were to find themselves as captivated as Coleridge. According to one of Davy’s earliest biographers:





The sensation created by his first course of Lectures at the Institution, and the enthusiastic admiration which they obtained, is at this period scarcely to be imagined. Men of the first rank and talent, – the literary and the scientific, the practical and the theoretical, blue-stockings, and women of fashion, the old and the young, all crowded – eagerly crowded the lecture room. His youth, his simplicity, his natural eloquence, his chemical knowledge, his happy illustrations and well-conducted experiments, excited universal attention and unbounded applause. Compliments, invitations, and presents, were showered upon him in abundance from all quarters; his society was courted by all, and all appeared proud of his acquaintance.7





Humphry Davy was the man of the moment, the Horatio Nelson of dry land, and Luke Howard was in the audience for a number of his demonstrations. Like others, he was moved to wonder at the unbounded energy of the man. It was as if the spirit of scientific enquiry itself had found expression in the person of the genius from Penzance.


Davy remained the most celebrated scientist in Britain for another two decades to come, until his death in Geneva at the age of fifty deprived the world of his talents. His end, much mourned among the learned circles of Europe, was almost certainly hastened by carbon monoxide poisoning, the result of a lifetime of hazardous experiments devised to determine the properties of gases. He would breathe them in until, as often as not, unconsciousness intervened. Waking, he would find himself slumped at his work-table with burning lungs and an aching head. Humphry Davy’s life of scientific self-sacrifice was rounded by a sadly fitting death.





*





BUT WHY SHOULD the theatre of natural knowledge have gained such a hold upon the popular imagination at the turn of the nineteenth century? Why should its audiences have queued for so long and clamoured so loudly for more, as they did at the Royal Institution? The answer lay both in the novelty of the subject and in the state of general science education at the time. The vast majority of the population, whether educated or not, had simply never witnessed such processes as these before: magnesium, flaring intensely, burning with a kind of stellar light that few could have imagined existed on earth. Or sodium, first isolated by Davy himself, fizzing profanely in a container of water with a diabolic mineral energy. Metals that burned upon contact with air, or drab-looking powders, harmless on their own, that when mingled in a jar combusted suddenly and violently to produce billows of noxious gas. Phosphorus, with its white flame and searing heat, ‘the devil’s element’ (and not just because it was the thirteenth to be isolated), was offered up not only as a spectacle but also, alarmingly, as a medical marvel for the treatment of tuberculosis and gout.8


The discovery and application of such substances served the growing needs of industry and technology, and their public display was increasingly becoming an integral part of the process. New kinds of natural and material knowledge were taking their place within the wider cultural definition of the age. The secrecy of the alchemists was giving way to the high-profile publicity of the chemists and the physicists – the natural philosophers, as they termed themselves – who promised to uncover the secret properties of the natural world. And they, unlike the earlier alchemists, were delivering on their promises with aplomb.


Their confidence was bolstered by newly emerging frameworks for scientific thought which emphasized nature’s long-term capacity for slow and steady change. Alchemists had sought the secrets of sudden transformations which lay at the heart of the material world, but research in the growth areas of scientific enquiry, such as geology, with all its various associated branches of volcanology, seismology, stratigraphy and mineralogy, was beginning to make it clear that the gradual, unseen processes which had shaped the world and its objects remained ongoing into the present. Distant catastrophe was not the only model of geophysical formation. The earth was still changing as it always had, in only just perceptible increments. The terrifying new idea arose that entire stretches of landscape were continuing to rise and fall under the unseen pressures of the earth, while water, the most powerful of the elements, because the most patient, was continuing to shape and reshape itself across the yielding portions of the earth. All that stands now, here in the present will, at some unknown point in the future, be violently borne away. The universe will never cease its dance of change and mutability, and the processes by which it moves and convulses, whether gradual or sudden in their overall impact, were now to be considered as the true subjects of natural scientific enquiry.





*





IT IS NOT HARD TO SEE how the idea of natural changeability provided much of the conceptual background for the development of scientific meteorology. Clouds and weather, perhaps more than any other world phenomena, show clearly that there is no moment in nature when nothing can be said to be happening. As clouds race towards their own release from form, they are replenished by the mutable processes which created them. They drift, not into continuity, but into other, temporary states of being, all of which eventually decompose to melt into the surrounding air. They rise and fall like vaporous civilizations, and the challenge to early meteorology was to reveal their hidden dynamics to our sight.


Yet meteorology is not an exact science. It is, rather, a search for narrative order among events governed not by laws alone, but by the shapeless caprices of the atmosphere. Weather writes, erases and rewrites itself upon the sky with the endless fluidity of language; and it is with language that we have sought throughout history to apprehend it. Since the sky has always been more read than measured, it has always been the province of words. Nothing has changed since Samuel Johnson complained in the middle of the eighteenth century that ‘when two Englishmen meet, their first talk is of the weather; they are in haste to tell each other, what they must already know, that it is hot or cold, bright or cloudy, windy or calm.’9 The weather, as Johnson so pertinently suggested, generates language more efficiently than it generates knowledge, for while it is always available and always with us it is equally always unclear. That is why we need to talk it through.10 And in lectures such as those given by the unparalleled Davy on his platform in the lecture hall on Albermarle Street, or by the young Luke Howard, facing his audience in the chemical basement off Lombard Street to the east, that was exactly what was happening. The world was being talked, and being shaped by that talk, into a new kind of natural order.


The age was one of the great ages of talk, an age that raised the art of conversation to the status of a public act. And, coursing through the events that were hosted at the London lecture halls, or at the dozens of similar venues across the rest of the country, impressing them with lasting cultural and scientific imprint, was the language. The river of words was in flood with the chemical poetry of minerals and machines: ‘galvanism’, ‘latent heat’, ‘elective affinities’, ‘the steady state’. New words and new ideas circulated rapidly like a spoken currency among new and ready audiences.


Images from scientific discourse began to permeate the wider language in an unprecedented way. Who could resist peppering their talk with ‘mesmerism’, ‘magnetism’, ‘lodestones’ and ‘longitude’? Who, like the bluestocking Elizabeth Montagu, could resist writing to a friend in 1761 to ask that she ‘make the same distinction between my heart, & those that are hard by nature, as our virtuosi do between petrified shells, & those which are lapides sui generis’?11 Or Jane Austen’s too-rational Sir Edward Denham of the unfinished Sanditon of 1817, who, in a characteristic tirade against novels (‘those puerile Emanations’), complained that ‘in vain may we put them into a literary Alembic; – we distil nothing which can add to Science’, although Austen and her readers would have shunned the implication.12 Novels, after all, offer the finest calibrations with which to measure the fluctuations of socioeconomic pressure.


In a more sympathetic tone, meanwhile, Sarah Hoare’s hymn to a sea-conch was awash with harmoniously specialist terms:





 Gracefully striate is thy shell,


Transverse and longitudinal,


And delicately fair,13





while Goethe based the structure of an entire novel upon the metaphor of chemical attraction. His Eduard and Charlotte, the romantic catalysts of Elective Affinities (1809), bond helplessly to one another like a pair of affiliated molecules. They are not themselves so much as the agents of an irresistible natural force. Austen’s Sir Edward Denham, no doubt, would have considered their escapades unutterably foolish.


This world of the natural sciences was an open mine of similes, quarried to supply the increasingly expressive requirements of the age. Elizabeth Montagu’s heart, like Alexander Pope’s grotto at Twickenham, was encrusted with a geology of sentiment. Little wonder that Coleridge attended Royal Institution lectures in order, as he put it, ‘to renew my stock of metaphors.’14 And Coleridge himself was to offer up new words to the language, coining the term ‘psychosomatic’ after watching his hero, Humphry Davy, cure a case of suspected paralysis by administering a course of placebos.15


This was what the future must have looked like for the many who crowded the auditoria of the burgeoning theatre of science: not just a parade of man’s ever-increasing familiarity with the mutable terri-tories of nature, but the unalloyed joy of their discovery and naming. Here was a cultural scene which delighted in both the unravelling of the processes of nature and in the languages forged in the attempt. As new forms of understanding emerged, new forms of expression, both literal and metaphorical, appeared alongside them to support them in their work. The new ways of seeing became increasingly bound up with the new formulations of words.


This was the climate, with its as yet unchallenged belief in the positive virtues of science and scientific thought, into which Luke Howard was due to release his classified names for the clouds. And his language, too, the language of the skies, would rise to enrich the wider cultural climate of the age. It would give weight to the weightless forms of the air, institute a transformation of outlook and expression, and alter for ever the relationship between the world and the restless, overarching sky.




 






CHAPTER TWO





A Brief History of Clouds


They are the celestial Clouds, the patron goddesses of the layabout. From them come our intelligence, our dialectic and our reason.


– Aristophanes, c. 420 BC1


ONLOOKERS HAD, of course, attempted to account for the appearance and feel of their weather since the remotest era of antiquity. Weather has always been the main determining aspect of man’s environmental experience, with its ambiguities forever demanding renewed interpretation and debate. The sky throughout history has been variously filled by the promptings of the imagination, whether with gods and prophecies and the rhythms of the zodiac, or with the first faint stirrings of scientific thought.


Certainly, some of the world’s earliest written documents record attempts to come to terms with the endless variabilities of weather. Ancient Egyptian, Chaldean and Babylonian texts, preserved on fragile squares of papyrus and clay, speak of the mysteries of clouds, thunder and rain-making, and include the earliest fragmented attempts at forecasting and forewarning. ‘When a dark halo surrounds the moon, the month will bring rain or gather clouds,’ declares a four-thousand-year-old Chaldean prophecy; ‘When a cloud grows dark in heaven, a wind will blow’ forewarns another.2 These texts and others like them, the earliest weather forecasts on record, may well have been pieces of already ancient meteorological lore, but there is no way of knowing whether they also referred to imminent changes in the broader social climate of the times. All we can read in them now is the air of palpable misgiving.


Further east, meanwhile, during the Shang dynasty, Chinese scholars were keeping more descriptive weather journals and attempting to analyse the contents in ten-day batches, of which the bones of a few faded traces have survived. In them, sightings of rainbows, haloes and mock suns were recorded, while the direction of the prevailing wind was logged. Levels of rainfall and snowfall were measured, too, the latter in bamboo snow gauges sited high in the mountains of the northern provinces, ‘the Lame Dragon’s frozen peaks’, in the words of a poem of the times,





Where trees and grasses dare not grow;


Where the river runs too wide to cross


And too deep to plumb,


And the sky is deep with snow.3





Ingenious prototype hygrometers were also developed in the hills of ancient China, which utilized the absorbent qualities of charcoal: its dry weight was taken and then compared with its damp weight after timed exposure to the air. Humidity levels were then calculated from the difference. Here, more than two thousand years before the advent of the Christian era, some of the emerging certainties of the natural world were beginning to be tested and logged.4


All scientific advances are part of wider social developments, and what lay behind the sophistication of early Chinese meteorology was the nature of the evolving Chinese worldview. The developing doctrine of yin and yang, the twin fundamental forces which serve to balance everything in creation, was becoming an increasingly important component of Chinese natural and moral philosophy. By the end of the fourth century BC yin had become associated figuratively with clouds and rain (as earth-bound elements of the female principle), while yang had become associated, equally figuratively, with fire and the heat of the sun (as celestial elements of the balancing male principle). According to the doctrine these complementary properties were never to be found separately in nature, although one tended to dominate the other at any given time.


All change on earth, all terrestrial transformations and patterns made by nature, including, of course, the weather, could be understood through these emerging foreground ideas, and Chinese meteorology (along with its neighbouring disciplines of astronomy and mathematics) developed partly as a means to lend expression and reinforcement to this sublimely harmonious philosophy.


The symmetry of the water cycle, for instance, offered a perfect working analogy of the doctrine of elemental change and cooperation: the warmth of the (yang) sun nourishes the (yin) clouds through the semi-secret agency of evaporation. The ceaseless rise and fall of water through evaporation, condensation and precipitation echoed the balance of harmony and exchange which underlay the entire working structure of the Chinese mental universe. Even the violence of electrical storms served to illustrate this levelling out of all forms of natural energy: an overabundance of (yin) rain required a compensating bolt of (yang) fire to balance things out in the teeming atmosphere, hence the rain cloud’s extravagant gifts to earth of thunder, lightning and highly charged traces of sulphur. They came as the visible payment of an energy debt built up over time, high in the furthest reaches of the air.


A few centuries later the Taoist religion developed an entire Ministry of Thunder for its pantheon. This divine administration included the gods of Thunder and Lightning, the Earl of Wind, and the Master of Rain and his young apprentice, Yun-t’ung, the Little Boy of the Clouds, whose job was to keep the floating reservoirs piled up, replenished and full. Modern ideas of feng shui (‘wind and water’) living come from the long shadows cast into our own times by the undiminishing strength of these ideas.





*





IN SHARP CONTRAST to such harmonious conceptions, much of the moral power of the Old Testament religion derived instead from the narration of extreme and persecutory weather events. From the Flood of Genesis to the plagues and hail-storms of Exodus, the books of Moses and the Prophets resound with the terrible weather of vengeance, much of which was brought to pass by violent winds from the east. Climate, the most traumatic of these episodes seem to say, is the one great precondition on earth, the one persistent feature of the natural world that cannot, that will not, be controlled. Pestilence and predestiny alike descended from the darkening and omen-haunted skies, brought on by unfavourable disturbances in the jet stream.


The journeys of the children of Israel were prompted by the appearances of God in the clouds: over the Red Sea, over Mount Sinai and, in their most dramatic manifestation, in anger above the tabernacle following the worship of the Golden Calf. For the troubled exiles of Israel, the great wrath-filled thunderheads which seemed to attend to their every move symbolized not only the conditions attached to the renewal of their covenant with God, but also the shock of their uprooting from Egypt. Within weeks of the outset of their journey they had encountered geophysical extremes of famine and drought, followed by intense, heavy cloudbursts from on high.


Coming as they did from a lowland culture that relied on irrigation from passing rivers rather than from the endlessly stable blue skies above, such uncertainty was a forbidding glimpse into the shape of their future life. With an average annual rainfall of a mere one or two inches, the phenomenon of the cloudburst had been relatively unknown in Egypt, and having lived on its plains for over four hundred years, the departing Israelites would never have encountered major cloud structures had their lives remained undisrupted by flight. The take-up of water from the low-lying alluvial areas was not great enough, and the air above them was too hot and too clean to condense locally produced vapour into clouds, while rain-bearing systems travelling up along the trade winds would have exhausted themselves long before reaching the deltaic lands of the Pharaohs.


The exodus to the semi-arid zones of Sinai and Canaan, however, brought them into contact not only with the seasonal uncertainties of rainfall (with an annual average of more than fifteen inches), but also with the unfamiliar sight of high-built convective cumulonimbus structures, the divine ‘pillars of cloud’ that appeared to them as soon as they had left the deltaic lowlands of Goshen. The impact was sudden, and it hardly diminished over time as the clouds continued to direct their steps towards their long-awaited, long-forsaken home.5


The spectacle of clouds, in all their terrible unpredictability, came to symbolize the uncertainty, the strangeness and the promise of their homecoming for the nomadic authors of the books of Moses. To learn the secrets of rainfall irrigation, as those lowland farmers came to realize, they would have to learn the wider secrets of the skies. And we can hear their questions, asked with mounting urgency in the books of Enoch and Job (‘Hath the rain a father?’; ‘Who can number the clouds in wisdom?’; ‘Can any understand the spreadings of the clouds?’), reverberating down the centuries, dodged or unanswered or moulded into a cosmology, in a great chain of reasoning that led on through a series of landmarks in meteorological history, one of the most important of which was the dramatic punctuation point of December 1802, when the clouds were first properly named by a thirty-year-old chemist in a basement laboratory in London.





*





IN THE MEANTIME, more rational attempts to penetrate the mysteries of the upper elements arose in the hope of bringing them nearer and thereby reducing their ancient, atavistic threat. It has not always been reassuring to regard the skies as the haunts of the vengeful gods, although most world cultures have, at one time or another, configured the towering clouds as the homes of the gods of the lower and upper air. In dividing the world below from the world above, clouds have served the myth-makers well as the boundary markers of other realities. And what other worlds might not be hidden from our sight beyond the high threshold of the veiling clouds?


In Norse mythology, for instance, Frigg (the wife of Odin, whose name translates as ‘well beloved’), was represented as the goddess who ruled from above the clouds. High up in Fensalir, her Hall of Mists, with wheel and distaff and infinite patience she spun the golden threads that were woven by the winds into the bands of pink and orange cirrostratus, glimpsed at daybreak and at sunset the world over. These higher clouds were her special preserve, untouched by the hands of the other gods while, at the creation, the brains of the frost giant Ymir had been flung into the summer air to form the familiar low-lying cumulus clouds. All this was according to Alvis, the all-knowing dwarf, who recited the names by which ‘the clouds, that hold the rain, in each and every world’ were known:





Men call them Clouds; the gods say Chance of Showers and the Vanir say Wind Kites. The giants name them Hope of Rain, the elves Weather Might, and in Hel they’re known as Helmets of Secrets.6





This early summarized classification (in Kevin Crossley-Holland’s luminous translation) reveals a taxonomy of weather observations broken down into matching cloud-types (as well as, elsewhere in the passage, matching wind- and star- and sky-types). Just as the fair-weather cumulus suited the sunny outlook of the Vanir (the fertility gods who invented magic), brooding sheets of stratocumulus mantled the ghastly citadel of Hel. Clouds, as the myth-makers of all cultures have discovered, make the perfect backdrops to their emblematic images of cosmogony. Neutral, varied and aloof, they crawl with a potentially unending array of autogenetic divinities.


But Ancient Greek philosophers, much disposed towards looking up at the sky for answers, were keen to account for the variety of its moods and appearances without having to make an open appeal to divinity. Their philosophical project saw the universe itself as a series of physical problems to be pondered at a separate remove from morality. Among the various fields of enquiry that arose in the pre-Socratic sixth and seventh centuries BC were astronomy (the study of celestial bodies), brontology (the study of thunder), ceraunics (the study of lightning) and nephology (the study of clouds). All were aspects of a connected scheme of study which, with its many beginnings and endings and its neighbouring distractions of astrology and prophecy, has proved to be one of the longest-lived and most varied research projects in the history of natural enquiry. But, along with Howard himself, we shall only be looking closely at a single aspect of the history of meteorology: nephology, the science of the clouds.


The first major phase of Western nephology (in its written form, at least) began with Thales of Miletus, one of the seven great sages of pre-Socratic thought, and ended in the middle of the seventeenth century, after René Descartes had prised physics away from the deadening grip of Aristotle. After this date it developed sporadically, in the wake of the uncovering of the central laws of physics. Howard himself grew interested in tracing this hidden history of nephology, and what follows would largely have been known to him, albeit much later in his career, when reading and correspondence had taken the place of original meteorological research. Howard was to find it an enthralling subject, spending much of his semi-retirement in his study at home, where he lined the walls with his growing collection of ancient books about the weather.


It was there that he read about Thales of Miletus (c. 625–545 BC), a figure widely regarded as the first real ‘scientist’ to have been produced by Western civilization. Thales was interested principally in mathematics and astronomy, and was famed for his successful prediction of a solar eclipse in 585 BC, but he was also an impressive meteorological theorist. Like the earlier Chinese (whose ideas may well have travelled west along the trade routes to Grecian Ionia) he entertained a semi-mystical reverence for water as the giver and sustainer of life on earth. This reverence, combined with the Homeric belief that the earth was held afloat by a universal aqueous bed, led him to a mental map of a world based entirely on water, nourished and defined by water’s life-giving properties. His thoughts on the mobility of this ‘material principle’, as it rose and fell between heaven and earth, constituted in essence an early and accurate description of the water cycle, although it seems unlikely that Thales could have known anything of the principles of cooling, condensation or cloud formation.


But Thales, in maintaining that everything in nature was to a greater or lesser degree a modification of water, had voiced a fundamental truth about human existence: that we live not, in reality, on the summit of a solid earth but at the bottom of an ocean of air. Even though he maintained that all this air was a form of another element, water (water vapour in fact accounts for less than two per cent of our atmosphere), the idea of studying the earth’s surrounding film of gases was the first real step towards the formation of the meteorological (as distinct from the astrographical) imagination. Meteorology as a distinct and recognizable branch of knowledge, which deals with the atmosphere and all it contains, had been formally introduced to the Western mind.


Thales’s fame and scientific influence soon attracted followers, prominent among whom was his fellow Milesian Anaximander (c. 610–547 BC). Anaximander was the author of one of the earliest scientific treatises in history, in which he was the first to suggest that lightning was caused by friction within the bodies of clouds, as well as the first to describe wind as ‘a flowing of air’.7 Although his descriptions of weather were subordinated to his philosophical notions of the infinite and indefinite origins of matter, they were in their own right perceptive accounts of specific events in nature. His idea that pockets of air can be pushed apart, gathered together and violently moved about by unnamed forces was a fair summary of the means by which wind is generated: from the local upward and downward convections of air over landforms (following the rise and fall of ground temperature) to the huge onrushes made as it streams from areas of high pressure into areas of low pressure, like air escaping from a tyre. Francis Beaufort was later to be inspired both by Anaximander and by Luke Howard when he came to frame his grading of the forces of the wind, in a successful amalgamation of related ideas that were separated by two thousand years. But in a typical twist of fate, one shared by many ancient hypotheses, Anaximander’s perceptive descriptions had to wait out those twenty centuries for acceptance.


 The Greeks had no meteorological instruments with which to confirm or refute their observations of nature, but in a sense this hardly mattered as their genius lay more in the questions they asked than in any of the answers they hazarded. Yet they did recognize a practical as well as a theoretical dimension to meteorological knowledge, and by the fifth century BC weather bulletins were displayed on columns in the public squares of many of the cities of the Mediterranean. These peg almanacs (called parapegmata, from the Greek parapegma ‘to fix into’) formed eyewitness records of local conditions, with the occasional attempt at forecasting thrown in. Typical examples, such as ‘the shoulders of Virgo are rising’, ‘Rising of Arcturus; south wind, rain and thunder’, and ‘the weather will likely change’, confirm the astrological context of the majority of ancient forecasts: they also confirm that the maddening caution of the weather forecaster, who will blithely, and in all seriousness, offer a twenty-four-hour picture that includes the entire spectrum of possible weather, all the way from heatwave to hail, has been with us since early antiquity.8


Information from sources such as the peg almanacs was able to further the growth of comparative science which arose as travellers returned from their wanderings with new observations to impart. Democritus (c. 460–370 BC), for example, one of the Western world’s first great travellers and observers, developed a theory of cloud formation in tandem with his atomistic picture of the universe. Democritus, who described a world consisting of an infinite number of tiny inert particles moving in random mechanistic patterns, conceived his theory of clouds after witnessing the melting snows of the summer solstice during his travels in northern Europe. The vapours from the meltwater, he suggested, after giving the matter some thought, were raised aloft and then carried south by the Etesian winds, from where they returned to earth as the rain which watered (and regularly flooded) the lakes feeding into the Nile. This was not merely an elegant rehearsal of the image of the endless water cycle; it was also an early and prescient description of the movement of storm systems around the world. It was, however, yet another idea (like Anaximander’s thoughts on wind) that didn’t re-emerge in any serious way until another twenty centuries had passed.


It is hard to say how much of this neglect can be put down to the simple misfortune of conceiving thoughts far ahead of their time, or how much can be credited to the overwhelming influence of a new synthesis of thought which emerged in the middle of the fourth century BC from the work of Plato’s most famous and prolific pupil: Aristotle (384–322 BC).


The scope and accomplishment of Aristotelian thought is one of the most formidable canons of work that the world has ever seen, remaining influential to this day, if only as something to be opposed or refuted. Little is known of the life of Aristotle, beyond his birth in Macedonia in 384 BC and his move to Athens in 367, where he studied under Plato for twenty years. He then travelled and lectured for the rest of his life, and is believed to have composed a total of some hundred and fifty original treatises, contributing to, and sometimes establishing, a wide variety of political, ethical and natural philosophies. Although only around thirty or so of his treatises have survived, collectively they express a single, outstanding conviction that would have run through the lost other works like a thread: the conviction that everything in nature has ultimate order and intelligibility, and is tending towards its natural state. This was true even of those things in the world which persist in a state of change. And in the Meteorologica, a treatise he composed in around 340 BC, Aristotle addressed himself specifically to the most comprehensively changeable, and thereby the most challenging, of any of nature’s aspects.


Unlike earlier Chinese thought, which viewed all natural processes in terms of transformative exchanges, fourth-century Greek philosophy had come to regard the notion of change as an affront to the harmonious ordering of the universe. Plato, for example, held that the changeability of matter was merely a symptom of its material imperfection. ‘Forms’ themselves (these were not individual objects, but rather their incorporeal cosmic ideas) remained perfect and therefore, by extension, remained changeless. Real knowledge, real science, sought to apprehend only this autonomous realm of forms. Platonic knowledge did not deal in particulars, and to seek to understand lowly material events such as the wind or the rain or the movement of the clouds was held to be something of an indulgence. Like Johnson’s account of an English conversation, it was nothing more than talking about the weather. And such talk did little to support the idea of the intrinsic static order of the cosmos.


Aristotle, however, departed radically from these Platonic ideas (as well as from the earlier atomism of Democritus) to claim instead that everything in the sublunary world was, is and for ever would remain in a permanent state of flux.9 And the jostling clouds would prove to be one of Aristotle’s foremost examples, brought in to uphold the truth of his philosophical departure.


To bear out the conviction that nature was embedded in essential change, he effected a root-and-branch reorganization of its principal means of enquiry: biology, physics and meteorology were reordered and refined along newly drawn lines of thought. In meteorology, as in the other sciences, Aristotle sought to emphasize the role played by the four ancient elements of earth, air, fire and water, and their associated, paired qualities of heat and cold, dryness and moisture, which were ‘exhaled’, as he conceived it, from the physical materials of the earth. The warm and moist exhalations, for instance, are responsible for the production of clouds and rain, while the dry exhalations are responsible for driving thunder and wind around the earth. All manifestations of natural change then take place between these pairs of elemental opposites through which all conditions in the world are determined. Each element, with earth at the centre of the spherical arrangement, has (or actively seeks) a rightful place in the natural world. Buoyant air, for example, seeks to rest in the sphere above water but below the sphere of fire, while water moves and eddies as it searches for its place above the earth.


To show the full explanatory force of these ideas Aristotle began the treatise on meteorology with an introductory case – the formation and lifespan of clouds:





Let us first deal with air, and approach the solution of our main problem by means of a discussion of the question, why do not clouds form in the upper air as one might on the face of it expect?10





The answer, according to Aristotle, depended on the mingling of the stratified elements: the heat of the sun rearranges the cold water on the surface of the earth to form a new, warm substance, similar to air, which then rises through it. This is the material from which clouds are formed. But, went the theory, the layers of air above the highest mountains contain too much fire for clouds to be formed there; similarly, the layers of air found close to the ground also contain too much reflected sunlight for clouds to form. Clouds only gather ‘where the rays begin to lose their force by dispersion in the void’.11 In other words there is a distinct cloud-forming layer to be found about halfway between the surface of the earth and the upper atmosphere, in which the balance of the elements of air and water and their properties of moisture and warmth finds ideal resolution in favour of the production of clouds.12


As a mechanistic explanation based entirely on physical assumptions it could hardly have been bettered, and this was true of the other explanations proffered throughout the course of the book. These, and the immense authority established by Aristotle in other fields of thought, ensured the continued success of his treatise. It went on to dominate Western meteorological thinking for two thousand years, although his influence began to wane during the early Christian era, when ancient Greek ideas sank almost entirely from view.


But long before then, Roman authors such as Seneca, Pliny and Lucretius had sought to preserve the scientific spirit of the Greeks by compiling anthologies of natural knowledge from both new and surviving sources. Seneca, in his Natural Questions, a ten-book digest begun in around AD 62, was much impressed by the dynamic energy exhibited by the weather, and viewed clouds as an integral part of atmospheric changeability:





 It is always flowing and its periods of rest are short. Within a brief moment it changes into a condition other than the one in which it had been; now rainy, now clear, now a varied mixture between the two. Clouds – which are closely associated with atmosphere, into which atmosphere congeals and from which it is dissolved – sometimes gather, sometimes disperse, and sometimes remain motionless.13





Clouds, for Seneca, were the very engines of weather, responsible for thunder, lightning and the phenomenon of the rainbow. The atmosphere itself was both built and dismantled by the actions of the opalescent clouds. But still no explanation other than Aristotle’s exhalations was available to account for their initial formation.


Pliny, too, who lost his life in the great eruption of Vesuvius of AD 79, summarized clouds as a blend of materials drawn from both the upper element of air and ‘the unlimited quantity of terrestrial vapour’ which girdled the earth before making its way into the atmosphere. He summarized the entire meteorological life cycle as a great rising and falling, which occurred in response to the attractive and repulsive power of the stars:





. . . rain falls, clouds rise, rivers dry up, hailstorms sweep down; rays scorch, and impinging from every side on the earth in the middle of the world, then are broken and recoil and carry with them the moisture they have drunk up. Steam falls from on high and again returns on high.14





Nature swings to and fro like a vast pendulum, on a course that is frequently troubled by the velocity of the stars and the planets. Clouds ebb and flow in the wake of their unpredictable passage. But again, all this Plinian turbulence was little more than an elegant restatement of Aristotelian change.


The Epicurean philosopher Lucretius, on the other hand, a man who revelled in the sensory joys of nature, made a more directly idiolectic attempt to account for the formation of clouds. A ‘sudden coalescence, in the upper reaches of the sky, of many flying atoms of relatively rough material, such that even a slight entanglement clasps them firmly together’ was responsible for the small initial structures, which then band together to form the larger sorts of clouds. These then grow by mutual fusion until dispersed by storms and rain.15 This was the atomistic model of cloud formation, blended from the ideas of Democritus and Aristotle, that would be revived in the eighteenth century.





*





BUT AS CHRISTIANITY began to spread throughout the continent of Europe, the scientific influence of ancient authorities such as Aristotle, Pliny and Lucretius subsequently declined. Atmospheric activity was returned to a context of divine and moral intervention. ‘The Lord hath his way in the whirlwind, and in the storm,’ says the first chapter of the book of Nahum, ‘and the clouds are the dust of his feet.’ For centuries, the explanatory power of such pronouncements served to overrule any vestiges of ancient natural knowledge. It was not until medieval thought began to reconcile Christian theology with earlier Aristotelianism that leading scholars such as Adelard of Bath or the Venerable Bede were in a position to compile tracts on the processes of nature. Bede’s De Natura Rerum, composed in Northumbria some time between the 690s and the 730s, was itself largely a restatement of the Plinian restatement of Aristotle, filtered through the earlier natural theology of Isidore of Seville.


Such, then, was the state of meteorology in the long centuries after the decline of Greece and Rome: little or no original thought, merely an anthologizing deference to the authority of ancient sources.


But by the mid-seventeenth century and the coming of the scientific revolution, the Aristotelian view of the world at last found itself coming under serious threat from new ideas about the nature of the cosmos and the actions of the elements. Aristotle’s hold on meteorology was brought to an end largely by the insights of one man: the French Jesuit philosopher Rene Descartes (1596–1650).


Descartes spent much of his life in search of peace and quiet and chose to live in Holland to achieve it. There, alongside his wider philosophical project of making himself master of first principles, he developed his long-held interest in meteorology, intended as a means to furnish examples in support of the rational, anti-Aristotelian approach to nature which he devised and outlined in his Discourse on Method in 1637. The Discourse, as it claimed from the outset, would demonstrate the way to certain knowledge. Certain, clear and fundamental ideas would open out to an understanding of the phenomena of nature. To shore up this claim, an essay ‘On Meteors’ was appended to the first edition as a working model of the method, designed to show how it could be used to approach any natural phenomenon – even one as discontinuous as clouds.
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