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FOREWORD

The weather is a very British obsession. In fact, I’d say that’s an understatement. The ‘great British weather’, as it’s known to many in this country, is part of the fabric of our nation – a natural force that binds us together. Whether it’s “too hot”, “too cold”, “too wet”, or “too windy”, even in the middle of a heatwave the weather breaks the ice in conversations.

As the striking photographs in this book attest, the weather in all its guises equally fascinates people around the world. From the simple act of raising an umbrella, to an aircraft that changes course to avoid a thunderstorm, every day the weather touches all our lives. I know many readers share my interest in the weather, as the ever-growing band of dedicated observers and amateur forecasters shows. But such is my passion for the weather I’ve made it my career. Over the course of nearly 30 years at the Met Office – the UK’s national weather service – I’ve been captivated by the weather’s power and beauty. Through forecasting, I’ve come to understand better its whims and to appreciate the magic I see day by day just by looking up at the sky.

Today, of course, all of us wherever we are, face the challenge of climate change, which is already bringing more extreme weather, more frequently to parts of the world. But whenever the weather makes its presence felt, we at the Met Office have an eye on the sky: from advising the British public on whether to expect rain as the occasional drop, drizzle or downpour, through to briefing multinational corporations on what the future climate may bring. To me, all weather is extraordinary for its ability to unite people of all ages and walks of life, even when it’s “raining cats and dogs”.

Rob Varley

Met Office Operations and Services Director





INTRODUCTION

The wayward beauty of our atmosphere flows from its essential dynamism, from the fact that there is never a moment when nothing can be said to be happening. At any one time, more than a thousand thunderstorms are in progress around the world, their restless summits rising towards the stratosphere, 10km (6 miles) or more above the Earth. Somewhere right now a tornado will be spinning, lightning crackling across the sky, and hail clattering on to roofs; elsewhere a dust storm will be advancing across a desert while, somewhere else, the weight of rime ice will be bringing down a power line. Meanwhile, perhaps, someone on the other side of the world will be photographing a miraculous sunset.

‘The sky is the ultimate art gallery above,’ as Ralph Waldo Emerson famously remarked – an open-air gallery that is perpetually rearranging its displays, from the great summer spectaculars of lightning and hailstones to the quieter, more contemplative visions of rainbows, haloes and crepuscular rays, all of which, and much else besides, can be found in the six themed chapters of this book: Storms and Tempests; Ice and Snow; Heat and Drought; Atmospherics; Strange Phenomena; and Man-made Weather.

Extraordinary Weather has been written with the view that all types of weather are extraordinary, but some are more extraordinary than others. Take the eerie display of mammatus clouds on page 121, for example, which loom towards Earth as though part of some imminent alien invasion, or the ‘double trouble’ storm image on page 31, in which a waterspout and a lightning strike make a brief elemental combination. These images seem so strange and otherworldly, and have such intense dramatic appeal, that it is easy to forget that, astonishing as they are, the events they depict are thoroughly normal. Indeed none of the weather moments that feature in this book could be categorized as ‘freakish’ or ‘supernatural’ at all – which is not to say that all of them are natural. As was the case with my earlier collection, Extraordinary Clouds (2009), one of the most eye-opening sections of this book is the one devoted to the subject of man-made weather, from artificially triggered lightning to contrails and ship tracks: this is a category of weather that has become increasingly prevalent in recent years, and will go on to be more prevalent in the future.

We have known for some time that human activity is altering the climate, but to what extent is it altering the weather? This is a complex question to which no adequate answers can yet be given, but we can certainly look at the cloud layer above densely populated regions and see that aircraft contrails are now among the most abundant cloud types on the planet (see Man-Made Weather for a satellite view of contrails above the southeastern United States). Ship tracks, meanwhile, paint a similarly crowded picture over the world’s ocean highways, being bright lanes of cloud that form around the aerosol particulates from the smokestacks of ocean-going vessels. Recent research into fallstreak holes suggests that these, too, are largely anthropogenic effects, created by the curious physics of heavier-than-air flight: the expansion of a parcel of cloud-laden air as it passes over an aircraft’s wings causes that air to cool, and such momentary cooling can be enough to prompt the supercooled droplets in the cloud to freeze and fall away, leaving a series of characteristic ‘holes’ in the cloud (see Strange Phenomena and Man-Made Weather). As many of the images in the book confirm, human actions are dramatically altering the appearance of skies across the world, and even – in the case of noctilucent clouds – out towards the fringes of space (see Man-Made Weather).

But it is not just the look of our skies that is changing. In May 2011, the charity Oxfam published a report entitled Time’s Bitter Flood, which pointed to the fact that while the frequency of geophysical events such as earthquakes and volcanic eruptions has remained more or less constant over recent years, disasters associated with flooding and storms have risen from around 130 a year in the 1980s to more than 350 a year today: an increase of more than 4 per cent per year. In 2011 alone, there were record-breaking floods in Australia (where, in the country’s worst natural disaster, an area the size of Germany and France remained inundated for two months), Brazil (which also experienced the worst floods in its history) and the American state of Missouri, where large sections of the Missouri River burst its banks following record snowfall in the Rocky Mountains along with near-record rainfall in Montana. A record-breaking year for tornadoes, meanwhile, saw more than 1,700 in the United States alone, one of which, on May 22, 2011, killed 159 people in the city of Joplin, Missouri. In Mexico, the worst wildfires in the country’s history coincided with an April heatwave that saw temperatures peak at 48.8°C (119.8°F), while an unprecedented dry spell over western Europe saw wildfires breaking out in areas as unlikely as Ireland and the Highlands of Scotland. Journalists around the world took to describing this catalogue of unruly weather as ‘global weirding’, but the reality is that deeper snowfalls, more widespread flooding, heavier rains and greater extremes of heat and cold now constitute the ‘new normal’, and are inescapable features of the ongoing climatic reconfiguration to which the world must learn to adapt.

Earth’s atmosphere is of course a globally circulating system, but because most of us experience it on a local level, it is hard to imagine our day-to-day weather as part of a wider picture. Satellite imagery offers a powerful corrective to this, which is why each chapter of this book includes a number of satellite pictures that allow us to zoom out from an individual weather event to show it in its fuller context. The ‘cloud shadows’ image on page 83 is an instructive example, for not only does it demonstrate the mechanism of crepuscular ray formation, it also shows how their radial appearance is a trick of linear perspective, since from this altitude the shadows can be seen to be parallel. It is one of my favourite images in the book, not least because it reminds us that we cannot rely on first impressions when it comes to the turbulent world of weather, where things are not always what they seem. Turn, for instance, to the picture on page 110. Is it a fish? Is it a dragon? No, it’s just an unusual side effect of the physics of cloud convection, but, in common with most of the other images I have chosen for this book, it has a powerful, if transient, ambiguity. Welcome to the world of extraordinary weather!





STORMS AND TEMPESTS

At any one moment more than a thousand thunderstorms are raging on Earth; here are just a few of them, along with their associated effects, including waterspouts, tornadoes and floods.

Cumulonimbus anvil

Cumulonimbus clouds are enormous structures that can grow as far as the lower stratosphere, around 20km (12 miles) above the Earth. The temperature inversion at the tropopause (the boundary between the troposphere and the stratosphere) causes the icy summits of these convective giants to spread horizontally, creating the characteristic sloping anvil shape, as seen from below in this close-up aerial photograph taken in August 1971 from a research plane of the United States National Oceanic and Atmospheric Administration (NOAA). Most aircraft pilots give cumulonimbus clouds a wide berth, given the strength of the convective currents inside them, as well as their high water content, which can leave thick ice deposits on cold metal. However, NOAA reconnaissance crews are on a mission to get close to some of the most turbulent clouds on Earth – indeed, as we will see on page 28, to actually get inside them.

[image: ]

Thunderstorms over Brazil

At any given moment, there are around 1,800 thunderstorms in progress somewhere on Earth. This dramatic photograph, taken by an astronaut on board a Space Shuttle in February 1984, shows just a few of them, massing over the Paraná River basin in southern Brazil. With abundant warmth and moisture-laden air in this part of the world, vigorous thunderstorms are commonplace, as are flash floods caused by heavy downpours of rain. These towering thunderheads exhibit characteristic flattened anvils, where the fast-rising clouds begin to spread horizontally as they reach the lowest part of the stratosphere, around 20km (12 miles) above the Earth; a number of overshooting tops can be seen pushing through the thermal boundary – an indication that these storms will be severe.

[image: ]

Cumulonimbus over West Africa

This stunning sideways view of a vast cumulonimbus anvil was photographed by an astronaut on board the International Space Station as it passed over West Africa, near the Senegal–Mali border, on February 5, 2008. The fully formed anvil cloud has numerous smaller cumulonimbus towers rising around it, a sure sign of the ongoing thermal activity that is filling the atmosphere with hazardous energy. Storm systems such as this bring torrential rain, lightning, ferocious winds and possibly tornadoes, fuelled by the energy constantly released by the vast quantities of water vapour that rise and rapidly condense inside the turbulent, unstable cloud mass. At the height of its power, a thundercloud of this magnitude will release the energy equivalent of an atomic bomb every couple of minutes.

[image: ]

Gust front clouds

A gust front – also known as an ‘outflow boundary’ – is a leading edge of cold air that rushes downwards from a thunderstorm, spreading out fast when it hits the ground. Gust fronts are often marked by turbulent areas of cloud and icy rain, as in this example, churning above a field of wheat near the Wichita Mountains of southwest Oklahoma, USA, during a bout of severe thunderstorms in early May. As with other downdraught phenomena (see Microburst), the wind shear associated with strong gust fronts can be extremely hazardous to aircraft, especially during takeoff and landing.

[image: ]

Inflow bands

Inflow bands (sometimes known as ‘feeder bands’) are streaks of low cumulus cloud that extend, parallel to the wind, from a thunderstorm’s main tower; they show that a storm is drawing in low-level air from several kilometres away, and their appearance can give some indication of the potential severity of the storm. If the inflow bands appear as spirals, then cyclonic rotation has begun, and the storm may turn tornadic. In this example, however, photographed in northwest Texas, USA, one June afternoon, the bands stream radially into the storm cloud; there is lightning, hail and heavy rain, but – so far – little chance of a tornado.

[image: ]

Sunset supercell, Iowa

Resembling a scene from the film Independence Day, a wind-sculpted supercell storm cloud flails above a highway near Sioux City, Iowa, USA, in May 2004. ‘The storm was sucking inflow in extremely hard and creating some crazy structures,’ recalls the photographer Mike Hollingshead. ‘Note how smooth the cloud base is away from the centre – the speed of the inflow being sucked into that base must be incredible.’ Hollingshead describes how an arm of cloud seemed to wrap itself around the base of the storm, creating a large coiled area: ‘You can see a little sculpted lowering at the base and it looks like it might produce a tornado, but it doesn’t.’ Rain falling from the centre of the storm blocked the evening sun, and ‘as the sun lowers to below the cell, I get this shot – one of my all-time favourites.’

[image: ]

Supercell lightning strike

‘June 5 has frequently been a lucky day for me,’ recalls noted storm chaser Jim Reed, and that was especially true of June 5, 2004, which produced this, the best-known image of his career. Having spent much of that day chasing thunderstorms across southern Kansas, USA, the sun was just about to set when Jim set up his tripod by the side of the road in order to photograph this isolated, saucer-shaped supercell, backlit by the setting sun. ‘On the second squeeze of my shutter,’ he writes, ‘a lone, magenta-coloured lightning bolt dropped from the storm: “a raw scorch of lightning”… The image represents everything I love about storm chasing … serendipity, technology, art, and atmospheric magic.’

[image: ]

Wall cloud, Oklahoma

A regular feature of supercell storm systems, wall clouds (sometimes known as ‘pedestal clouds’) are isolated lowerings attached to the bases of storm clouds. They develop when rain-cooled air is pulled towards the mesocyclone (the supercell’s violently rotating core), its moisture condensing at a lower level than the principal cloud itself. Wall clouds thus mark the area of strongest updraught within the storm, and are characterized by extremely strong winds. Tornadoes often develop from descending wall clouds, as can be seen happening in this photograph, taken in Washita County, Oklahoma, USA, in June 1980. A dark band of heavy rain is following close behind.

[image: ]

Nineteenth-century tornado

‘The populous region of the United States is forever doomed to the devastation of the tornado,’ observed the American meteorologist and writer John Park Finley in 1887. ‘As certain as that night follows day is the coming of the funnel-shaped cloud.’ Tornadoes were always a feature of American frontier experience, but it was the advent of photography in the middle of the 19th century that made them familiar around the world. There were many technical difficulties involved in photographing skies on long-exposure plates, but early photographers took some impressive tornado pictures, such as this – one of the earliest known photographs of a tornado – caught by F. N. Robertson of Howard City, South Dakota, on August 28, 1884. It’s a powerful image: the main funnel kicks up a dust cloud on the ground, while a pair of secondary funnels emerge like horns on either side, giving the image a faintly devilish air.

[image: ]

Tornado with lightning

A tornado is a violent, rotating column of air that connects the base of a supercell storm cloud to the ground below. Tornadoes form when powerful downdraughts drag the supercell’s mesocyclone (the rotating central updraught) towards Earth, generating a visible condensation funnel that begins to throw up soil and debris as soon as it makes contact. In this dramatic example, large amounts of red topsoil from a wheat field in the American Midwest are being hurled around (and inside) the base of the funnel, as cloud-to-ground lightning leaps from the rain-soaked thundercloud behind.

[image: ]

Death of a small town

This close-up shot shows debris flying from the base of the wedge tornado, 1km (1,100yd) wide, that battered the small settlement of Manchester, South Dakota, USA, on June 24, 2003 (a date remembered locally as ‘Tornado Tuesday’ because of the large number of powerful twisters that were generated that day). Winds of up to 320km/h (200mph) destroyed every building in the century-old Manchester community, which was subsequently abandoned and never rebuilt. A lone granite memorial now marks the spot where the ill-fated town once stood.

[image: ]

Roping out tornado

A tornado can last from a few seconds to more than an hour, but at some point the energy that sustains it will ebb and the tornado will begin to ‘rope out’ before the rotating funnel fragments and disappears. Tornadoes remain highly dangerous at the rope stage, especially if they are being blown around by the wind. The one in this photograph, taken near Cordell, Oklahoma, USA, on May 22, 1981, was known locally as the ‘Wizard of Oz tornado’ because of its unusually slender shape. NOAA footage of the twister, available on YouTube, shows how vigorous its final moments were, as it roped out into a sinuous curve before dissipating. It was filmed as part of the ‘Sound Chase’ project, jointly run by the National Severe Storms Laboratory and Mississippi State University, which sought to monitor the various noises made by tornadoes at ground level.

[image: ]

The eye of the storm

This amazing photograph of the eye of Typhoon Nabi was taken from the International Space Station on September 3, 2005; by then the typhoon was four days old, and at the height of its powers as it tracked across the western Pacific towards South Korea and Japan. The sharply defined eye marks the region of lowest pressure within the storm, and is an area of relative calm surrounded by the ferocious winds of the eyewall. A typhoon is essentially the same phenomenon as a hurricane or a tropical cyclone – a powerful storm system that develops around a large low-pressure centre. Their different names are related to their geographical locations: ‘typhoon’ describes a severe tropical storm over the western Pacific; over the Indian Ocean such a storm is called a ‘cyclone’; and over the eastern Pacific and Atlantic oceans, a ‘hurricane’. (If an eastern Pacific hurricane tracks into the western Pacific, it is re-designated as a typhoon).

[image: ]

Inside the hurricane

The calm eye of a hurricane (and of a typhoon or a tropical cyclone) is a roughly circular area 30–65km (20–40 miles) in diameter. It is surrounded by the eyewall, a ring of towering thunderstorms where the strongest winds and most severe weather are to be found. As mentioned on page 12, NOAA sends research planes into the teeth of severe storms and hurricanes in order to collect information that will determine their likely strength and direction. I once interviewed a retired weather pilot who had spent his career flying directly into hurricanes and supercell storms. When I asked him what kind of training he had received for such missions, he laughed and said: ‘Your on-the-job training is accomplished the first time you fly into one.’

[image: ]

Storm of war

Waterspouts are essentially tornadoes at sea, though they tend to be weaker and less destructive than their land-based counterparts. The name ‘waterspout’ is somewhat misleading, because – as with tornadoes – their spouts consist of atmospheric cloud condensed within the whirling funnel, not seawater picked up from the surface. They can grow to an impressive size, like this unusually powerful tornadic spout, which was photographed from an aircraft accompanying a North Atlantic convoy during World War II. Its cascade (the plume of spray whipped up from the surface) appears to dwarf the merchant ship that steams nervously past it at a distance of less than 1km (1,100yd).

[image: ]

Double trouble

This extraordinary night-time scene was photographed near Lake Okeechobee in Florida, USA, during a severe thunderstorm in June 1993. At the height of the storm – around ten in the evening – a funnel cloud descended from the base of the storm cloud, connecting with the lake to form a powerful waterspout. The lucky amateur photographer, Fred Smith, was standing in his backyard when the lightning struck, illuminating the monster spout that towered over the 150m (490ft) television mast to the right of the image. Though such inland waterspouts are usually fairly short-lived and rarely cause significant damage, they can be an impressive (and noisy) sight, as this amazing photograph suggests.

[image: ]

Floods in southeast Texas

During the night of May 28–29, 2006, an unusually long-lived thunderstorm delivered some 410mm (16in) of rain to southeast Texas, USA, leading to widespread flooding along the coastal plain. The following afternoon, a break in the clouds allowed NASA’s Aqua satellite to capture this Moderate Resolution Imaging Spectroradiometer (MODIS) image, in which the extent of the flooding can be seen at a glance. Water, which appears blue/black in this colour visualization, forms dark pools east of Trinity Bay; to the west, the city of Houston spreads like a vast skein of concrete, pale grey against the drowned vegetation.
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Tornado wasteland

On April 26, 1991, an outbreak of 55 separate tornadoes brought death and destruction to large areas of Kansas and Nebraska, USA. Tornadoes are classified from 0–5 on the Fujita Scale, depending on wind speed and associated damage. The city of Andover, Kansas, was hit by a F5 tornado 1km (1,100yd) wide, which destroyed more than 300 homes before moving northeast towards the Golden Spur Mobile Home Park; as this photograph shows, the entire trailer park was reduced to shattered debris by the tornado’s 320km/h (200mph) winds. Thirteen people were killed at the site, as were many more elsewhere that day. Even so, the outbreak was not the most deadly of recent times: the so-called Super Outbreak of April 3–4, 1974, spawned 148 confirmed tornadoes across the eastern United States, which claimed 319 lives, while the tornado that hit the town of Joplin, Missouri, on May 22, 2011, killed 159. Though it is not easy to say whether tornadoes and other weather disasters have become more frequent in recent years, they have certainly become more costly. During the 1980s, severe weather events cost the insurance industry an estimated $25 billion a year, whereas today they cost insurers around $130 billion a year.
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