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Introduction

This is an unorthodox book about the weather. 

My investigation sidesteps the charts on screens and instead focuses on the clues we find as we walk around a tree or down a street – and what they reveal to us about our present, past and future weather. This path will take us deep into a little-explored, but wonderful realm: microclimates. It is time to rejoice in small local observations and celebrate the weather signs that few notice. They are out there, in the sky and throughout our landscapes, waiting for us. Many are within touching distance.

I hope you enjoy the journey. 

Tristan

(Note: Unless otherwise stated, we are considering the north temperate zone, which includes most of the populated parts of Europe, North America and Asia.)




Chapter 1

Two Worlds

The Known World – The Secret World – The Blocking High – The Tree Fan

It was a late September day, very warm with light breezes. Summer held on to the land. I walked past an oak tree I knew well and looked out, below a bright sun, over the green hills of the South Downs. They wobbled in the heat. There were a few puffy clouds low in the sky and none higher up. Visibility was not great, but the sea was there, a dull dark band in the distance. 

It was Thursday and we wanted to go for a family picnic at the weekend. I felt the breeze on the nape of my neck, looked back at the oak and its shadow and knew then that the weather would hold. I could see the perfect spot for the picnic on Sunday. 

There are several clues and two signs contained in this short, plain story. In different ways each can help us to understand what the weather has done and will be doing. But, more importantly, they show us the way into the secret world of weather.

The Known World

Weather forecasts have gained a bad name, and it started early. Robert FitzRoy, a nineteenth-century vice-admiral in the Royal Navy, was a weather pioneer and the person who coined the word ‘forecast’. His reward for attempting to forge new methods in a difficult area? The public bombarded him with criticism following any incorrect forecast. It was hard to bear. FitzRoy grew depressed and took his life in 1865. 

He was ahead of his time. In the same year that he committed suicide, the learned bods at the Royal Society offered their thoughts on weather forecasting: ‘We can find no evidence that any competent meteorologist believes the science to be at present in such a state as to enable an observer to indicate day by day the weather to be experienced in the next forty-eight hours.’ 

One hundred years later, by the mid twentieth century, weather forecasts were routine, but doubts lingered. The chief forecaster at Central Forecasting Station in Dunstable, Bedfordshire, sounded less than confident in 1955: ‘Very little degree of accuracy can be guaranteed for any forecast issued more than twenty-four hours ahead.’

And yet, seventy years on, it takes only seconds to find several forecasts that claim to know what our weather will be doing in ten days’ time. How so? Did we grow better at learning to read the signs in the sky? In a word, no.

Over the past century, there has been a revolution in four areas: we have much more plentiful and accurate data, a better understanding of the processes that govern weather, formidable data-crunching machines, and swift communications. Readings from across the globe and at every level, from high in the atmosphere to the temperature of the sea, are plugged into computers that spit out their prognostications. 

Communication is more important than we might guess. It’s no good measuring the air pressure in the middle of the Atlantic if it leads to a forecast that takes a fortnight to reach someone on this side of the ocean. It’s hard to believe that less than a century ago many people in coastal areas relied on cones being hoisted up a mast to warn them that gales were on their way. Even if somebody had cracked a way to forecast the weather accurately a few days ahead, it would take too much cone-hoisting to send the message across a territory. 

There are moments when we can look back to see the shift happening, sometimes all too slowly for the poor souls who witnessed the weather. Shortly before the Second World War, a gale rose over a previously calm sea off the west coast of Ireland. Forty-four fishermen died soon afterwards. Many miles away forecasters had predicted the storm and issued warnings by radio, but they did not reach as far as the islands off County Mayo. 

I have mentioned ten-day forecasts. There is a big difference between making forecasts and making dependable ones. Experience leads me to believe that even the mighty supercomputers struggle beyond five days: their bold predictions become markedly less reliable by days six and seven. Now, though, we are at the stage when a five-day forecast has value. Two decades ago I gave little time to forecasts that ranged beyond three days. Things are improving quickly and in many areas, but not all.

The developments in professional forecasting have led to a strange relationship between ourselves and the weather. First, most people have lost the belief that we can look at the weather as the source of its own forecast. Second, weather has become detached from its home: the land. 

There is now an imbalance between how professionals describe weather and how we experience it. You will have noticed that TV and internet forecasts contain vast swirls that cover entire regions. It might take five hours to drive across a single forecast region yet we experience weather on a much smaller scale. 

If a meteorologist speaks of ‘showers’ in conversation, I like to ask whether it will rain in my back yard. This often prompts a laugh, because they know all too well where I’m going: they know the limits of their approach. If the hundred best meteorologists in the world borrowed a hundred of the world’s most powerful computers, they would still struggle to work out exactly where a predicted shower will fall tomorrow. And they will concede total defeat if they don’t know the landscape intimately. These are wise people and they are doing amazing things, but when it comes to the scale in which we actually experience the weather, they are up against it. A forty-eight-hour forecast was deemed impossible in 1865 and forecasting accurately on a small scale remains impossible for computers that don’t know the land. 

The same need not be true for those of us who rely on our senses. We may struggle to predict shifts in weather trends five days ahead, but we can often tell exactly where rain will fall later in the day. For two reasons we have an unfair advantage over meteorologists in this game. First, they are catering to thousands over a wide area, while we are more interested in how the weather affects us than anyone in a neighbouring county. Second, they treat the weather mainly as an atmospheric phenomenon but we experience it as creatures of the land it envelops. 

A person sensitive to their landscape is granted powers of understanding denied to machines. 

The Secret World

Our landscape shapes our weather. 

The computers are quite happy to factor in large land masses, but they don’t trouble themselves by asking how the weather will vary as we walk around a small local hill. The sun, wind, rain, temperature and visibility can fluctuate significantly on any short walk. This is what we have always meant by ‘weather’, and it is different on two sides of a tree. This is a basic truth, yet if you suggest it to a professional meteorologist they will demur: ‘Ah, that’s not really weather. What you’re talking about there is microclimate.’ 

I have heard a version of this reply many times and I always agree, saying, ‘Yes.’ But that answer conceals this thought: Give it any name you like. I’m talking about the weather we actually experience. 

We live in cities, on hills, in valleys, by the coast, in woods, on islands. We live in a landscape that is shaped by the weather and in turn shapes the weather. Woodlands lead to more rain, which helps many tree species to live in that space, and the cycle is strengthened. Woods are a basic sign that rain is more likely there than in the nearby area without trees. And the rain we feel changes as we walk from one tree species to the next. 

A small, flat island has different weather from a neighbouring large, hilly one. And that larger island experiences different weather on each side. Viewed from above, many islands are completely different colours on either side: one side receives nearly all of the rain and the other almost none. On the same day we might find sunbathers sizzling on the dry south-west coasts of the Canary Islands, but rain-soaked plants on the opposite north-east. 

The more we zoom in to any landscape the more striking the shifts we find. The climate on two sides of an 800-metre-high ridge in the Swiss Jura mountains is so different that two separate ecosystems almost touch each other. Trees that need warm conditions, like downy oak, are found on the south slope, and subalpine species, like Alpine pennycress, on the north. The two environments are separated by a ridge that is only 50 centimetres wide. In climate terms we can walk across a change similar to 1000 kilometres in latitude or 1000 metres in altitude in a single step. And that, by definition, means that the weather is, on average, wildly different over such small distances, too, and predictably so.

The difference in climate between the north and south sides of juniper bushes in temperate zones of the US and Europe is as stark as that between desert and a northern forest. Scientists found that the microclimate around these bushes varied by the same amount over a few metres as the broader climate did over 5000 kilometres. When exploring these bushes our arms can stretch across a continent of weather. 

I must emphasise that these are not theoretical differences, not just academic facts or measurements. Microclimates reveal average and probable weather conditions, but they also dictate them. They give us clues to what we will experience. Once we recognise how habitats reflect and change the weather, it is exciting to predict, then feel those changes. 

On a walk in early December, I crossed heathland under the stars. As I stepped out from under some pines, I expected and felt a sudden chill in the air. Then I spotted frozen puddles among the heather, but none in grasslands or the woodlands nearby. It was joyous to sense these things and especially satisfying to understand why. Heathland loses heat very quickly at night and can easily be 3°C colder than habitats only a few hundred metres away. (In the next chapter, we will learn why heathland loses heat so quickly.) 

Meteorologists know about these wild differences on small scales and loathe them, so much so that they always try to position their anenometers and thermometers at a height that spares them these fluctuations. However much scientific sense this makes, it is ironic that weather forecasters like to measure variables, such as wind and temperature, above the level at which we experience them. 

Forecasters have developed an amazing understanding of the weather on the large scale: they have given us a ‘known world’ of big weather. They have done great work that has saved countless lives. But it has had some unintended consequences: their success has led us to think of the weather on a scale far larger than the one we inhabit. 

In this book we will explore the clues and signs that unlock the weather we experience in the towns and out among the trees and hills. Some of these signs point to large-scale events and overlap with the known world of meteorologists, but most are nestling in the landscapes we inhabit. And quite a few are within touching distance. This is the secret world of weather. 

Let’s start by looking at the clues and signs from my walk earlier: they will help us to celebrate this difference and point the way from the known into the secret world.

The Blocking High

On my walk at the start of this chapter, there was a sunny sky with a few low clouds, no high ones and light breezes. The warm air wobbled, and the visibility was okay but not great, the details muted. These are all clues, the hallmarks of a summer high-pressure system. 

When an area of high pressure sits over a region in summer, it heralds sunny, settled weather, light, variable winds, less than brilliant visibility and few clouds. For as long as the system remains over the area, this weather continues. Some high-pressure systems are quite stubborn – they squat in one place and are not moved on easily. They’re known as ‘blocking highs’ and lie behind most heatwaves. So, when we’ve worked out that we’re sitting in one, all we need to do is keep an eye on where it is relative to us. This will tell us how long the good weather will hold. 

It’s easy to track a high-pressure system: we just need to keep tabs on wind direction. Winds circle clockwise around these systems, so if you have the wind on your back the high-pressure system will be to your right. In the case above, I felt the wind on my back as I looked downhill. I knew I was looking south, but confirmed it by checking the shadow of that oak tree: it was near the middle of the day, the sun was due south and the shadow pointed north. So the centre of the high pressure was to the west. 

The Earth rotates towards the east, which means most winds blow in that direction too, flowing from west to east. This in turn means that most weather arrives from the west. 

Bringing the pieces together, I could sense I was in a high-pressure system and tell from the breeze that its centre was to the west of me. This was a sign that a large fair-weather system had only just begun its slow march across the land. The fine weather would hold through the weekend and would get better before breaking. 

Don’t worry about the details yet: we’ll meet this blocking-high character again and get to know it better. But for now I’d encourage you to notice one simple thing. Start taking an interest in the wind direction as soon as a period of good, sunny weather settles in. There will be light, sometimes variable breezes during these spells, but note how the wind direction changes before these halcyon periods of good weather give way to unsettled skies. 

The blocking high is a big bold sign and a system large enough that we can see it on the forecaster’s swirls and circles. It is a useful sign and overlaps with the large known world of weather. But now let’s step into the secret world and meet the type of sign you won’t see in any weather forecast, ever. 

The Tree Fan

The perfect picnic spot I chose at the start of the chapter was under the oak tree. We have all stood under trees to keep cool on very hot days but, bizarrely, very few people know exactly why they do this. It’s true that the main reason is to take advantage of the shade, but there’s a secret reason too. We enjoy the breeze there. 

When any wind passes a tree, the tree gets in its way. This causes changes in the air pressure on all sides of the tree. The pressure increases on the upwind side and decreases on the downwind. The higher pressure on the windward side then accelerates over, round and under the tree. This leads to a breeze under a tree that is faster and stronger than the breeze away from the tree. We feel cooler under trees on hot days because of the shade and the cooling breeze. 
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The Tree Fan

The two signs we have just met mark out our territory. They are near each end of the spectrum of signs we will be exploring. The blocking high is a sign of a massive weather system; it is from the known world and gives an understanding of what the weather will be doing over several days and hundreds of kilometres. The tree fan is from the secret world. It’s a microclimate sign, hyper-local, but also immediate and reliable. Together they paint a useful and fascinating picture of the weather we will experience. 

The weather held for long enough. We enjoyed our weekend picnic in the breeze under the oak, near bleating sheep and cawing crows. The wind direction changed on Sunday, and on Monday it clouded over and cooled down. 




Chapter 2

The Secret Laws

The Art of Sitting in a Sun Pocket – Cold Knives and Warm Spoons – Seeds, Silk and Wings – The Steamy Roads of Saturation – Apples on a Roll – The Humid Blanket – The Glass Ceiling

Interpreting weather signs with confidence requires knowledge of what is going on out there. We need to look at the building blocks behind the signs and we’ll do that by using our senses. This chapter is about the hidden logic behind what we see. You may find parts of it challenging at first. Don’t feel you need to nail these concepts instantly: we’ll meet them many times and get to know them well. And once you start to see them at play in nature, they grow much friendlier. I promise you’ll soon be able to spot and decipher beautiful weather patterns and continue to do so for the rest of your life, thanks to the ideas in this chapter. 

The Art of Sitting in a Sun Pocket

Weather is a soup of heat, air and water, stirred constantly by the sun and the rotation of our planet. It never heats uniformly or mixes perfectly, which is why no two days are identical. Every weather phenomenon can be broken down to those three ingredients: heat, air and water. The better we know the ingredients and how they behave, the better we get at reading the weather. Let’s start with heat. 

How pleasurable it is to feel warmed by the sun on a winter’s day! On a still, cold day, when ice and a sprinkling of snow coat the land, who has not enjoyed feeling the sun warming their face? Such is the joy of its radiating power. 

We know that the sun’s radiating energy reaches our planet and warms it. And we also know the more energy that reaches a region the warmer it is likely to be. We expect to swelter on a summer afternoon or when we’re near the equator, just as we anticipate shivering in winter, on a cold night or at high latitudes. 

After feeling the sun on your face on a cold morning, you look around and see that it has thawed some parts of the frosty ground, but not others. You touch the different parts of your jacket and the dark parts feel much warmer than the light – some are even hot. Yet the air is freezing and you can see your breath. 

Energy has radiated from the sun, passing through the air to your face and your clothes and heated them, but not equally. It has warmed your face a little, the dark part of your jacket more, the light part less and the air less again. You will be familiar with the uneven absorption of the sun’s energy from hot days too, when a dark car’s bonnet feels much hotter to the touch than that of the white one parked next to it. Dark colours absorb more of the sun’s radiation than light ones. 

On a cold frosty day we can still find a warm, comfortable place to sit. We just need to seek out the spot that receives the most direct radiation, maximises absorption and doesn’t let the precious heat escape. This is the art of finding a good sun pocket. The south side of woodland on a slope is a great place, especially if there are overhanging branches that let the low sun all the way in but shield out the sky directly above you. 

The slope tilts you towards the sun, and the tree cover helps in three ways. The woods will shelter you from the wind, but the overhanging branches also protect the ground from snow and frost, leaving it darker to absorb more of the sun’s radiation. The branches stop some of this heat escaping upwards, trapping it in the pocket. It can feel an odd thing to do, to head under tree branches on a sunny day when you’re cold, but the temperature difference between a pocket and standing out in the sun in the open is considerable. If you need to keep still outdoors for long periods in cold weather, sun pockets are worth seeking out. The animals know them well. 

You can, of course, achieve exactly the same thing by sitting under the eaves of a jutting roof. In the Alps it’s common to spot people reading under one, quite warm and comfortable, as steam from the breath of those walking past curls gently upwards in the freezing air. 
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The Sun Pocket

There are sources of radiating energy all around us, all the time. Everything above –273°C emits the same invisible infrared energy that arrives from the sun. And since everything on our planet is much warmer than that, everything around us is radiating energy and heat to its surroundings. The hot drink next to you, the ground by your feet or the tree a hundred metres away are all radiating energy that warms you. True, it’s only a minuscule amount when compared to a generous serving arriving from that ball burning at more than 5000°C millions of miles away, but it’s there and it has an impact. 

Every habitat has its own heat fingerprint. It absorbs and loses heat through radiation in its own unique way. In the last chapter we felt a chill in cold heathland. This is a landscape that radiates heat away especially quickly, which is why the puddles were frozen there and not nearby. 

Radiation can be hard to visualise. It leaps millions of miles across the vacuum of space to heat the planet during the day, then flows out of the cold land back to space at night. We’ll come to know it much better when we spend time with some of radiation’s colleagues, like frost and dew patterns. 

Cold Knives and Warm Spoons

The second way heat moves from one place to another is the simplest and most familiar. When something warm touches something cold, heat will flow from the hot object towards the cold. The vibrating molecules bump into those in the neighbouring material and pass on their agitation. This is conduction. 

Some materials conduct heat better than others. Metal is a good conductor and wood is bad. That is why a metal knife feels colder than a wooden spoon, even if they are in the same kitchen drawer at exactly the same temperature. The metal in the knife allows the heat to flow quickly from your fingers, giving you a cool sensation; the wood does not. 

Water is a better conductor of heat than air. Walking in air that feels cool but comfortable can quickly become a survival situation if you fall into water because your body heat will flow much more quickly into it. Sleeping bags keep you warm on cold ground by being really bad conductors of heat and blocking that heat transfer to the ground or air. 

If you ever need to spend a night on bare earth it’s worth experimenting. Rocks conduct heat better than sand, which conducts it better than peat. But every soil has its own thermal character and the water content in the ground will have a big impact. 

Wild pigs are wise to this game. They’ve worked out that anthills are very bad conductors of heat so they break them down to use as a thermal blanket. And that is where we can leave conduction: it has a greater impact on our experience of the weather than on the weather itself. 

Seeds, Silk and Wings

Warm air expands, making it less dense than cold air. Warm air rises above cool air. Bonfire smoke and kettle steam rise through cooler air. This is convection: the third way in which heat moves from one place to another. 

Did you notice earlier how the Alpine walkers’ breath curled upwards? Our body temperature is 37°C, which is nearly always warmer than the air around us. On cold days our breath rises above us. 

The air is transparent so most convection is invisible but, like radiation, it is taking place all around us. As soon as the sun rises, its radiation warms the land, the air immediately above it heats and begins to rise. When a column of warm air rises through convection it is known as a thermal. The column might be a few metres or a few hundred metres wide. 

The first powered aircraft were fragile and every flight was perilous. The last thing these adrenalin-soaked pilots needed was turbulent air, so they preferred to attempt to fly near the start of the day, before the sun could warm the land and cause thermals. Aircraft design has come a long way and modern aeroplanes are rarely threatened by convection, but we still feel it as bumps in the ride during the early and late stages of flights. That gentlest of jolts you feel as you pass through the low cloud layer is convection. 

The sun heats the land unevenly and at differing times – east-facing slopes warm long before west-facing ones because the sun rises in the east – and the warmest areas generate the strongest thermals. This is partly about the nature of the landscape, but also about time and angles. A hill can leave a valley in shade until the afternoon, and when the sun does reach in, it will heat the woodland, river, fields, town and lake differently. Dark, dry areas heat faster than light, moist ones. The sun causes the thermals, but the landscape determines where they rise. 

In the eighteenth century, the ever-percipient naturalist Gilbert White observed ‘small spiders which swarm in the fields in fine weather in autumn, and have a power of shooting out webs from their tails so as to render themselves buoyant and lighter than air’. And in the 1830s Charles Darwin noticed spiders reaching his ship, the Beagle, even though it was 100 kilometres off Argentina at the time. The spiders are not lighter than air, as White supposed: they are flying or ‘ballooning’, using their silk as a sail and hitching a lift on thermals. The rising air can carry the spiders across continents, but their wonderful journeys are usually much shorter – you will have seen their silk sails as a glistening patchwork covering grass in autumn. This is much more likely following the weather spiders favour: sunshine and very light winds. Interestingly, there is some evidence that if the heating of the land is too intense and the thermals too powerful, the spiders wait until things have calmed a little before embarking. 

Animal-behaviour experts have known for at least a century that there is a relationship between bird weight, thermals and time of day. Birds of prey climb on thermals – if you notice a bird gaining height as it keeps circling over the same dark woodland on a sunny day, you are watching convection in action. At sunrise there are no sun-driven thermals, but as the morning progresses the land warms and they start to kick in. The bigger the bird, the stronger the rising air current it needs so we are more likely to see small, light birds of prey circling before their bigger cousins. I like to think of this as a clock: the birds fly round and round, getting bigger as the day grows older. Circling birds map the rising air currents and the warm land beneath them. 

After the first light of the day, before the thermals are strong enough for even the smallest birds to climb, you may spot dragonflies making good use of the weakest currents. And before the dragonflies get going, the seeds take off. Many species of plant produce airborne seeds that depend on thermals for their survival. Gravity is always trying to pull the seeds straight to the ground, but they won’t survive if they start life in the shade of their parent. They have no independent means of propulsion or climbing, so for many species convection is the difference between landing too close to home and the start of a successful life on a new patch. 

Happily we can watch many such seeds on their journeys, but it helps to have the right light. Sunlight passing through a small window into a dark room can highlight the smallest specks of dust floating in the air and we experience a similar effect in nature. A sunbeam cutting a thin bright slice between two dark trees works well. Instead of looking for the perfect lighting conditions, try to stay sensitive to spotting airborne seeds – at certain times of the year the air is thick with them, as hayfever sufferers will confirm. You will spot the biggest, fluffiest ones, like ragwort, most easily, but the species doesn’t matter. If it is airborne and visible, it is trying to map the gentlest of air currents for you. 

Keep watching the seeds and you’ll spot how they ride sideways on any breeze, which is interesting and something we’ll come back to in Chapter 14, ‘The Trees’, but for now we want a very calm day. Track your target carefully and you will spot the moment a seed begins a dramatic climb, the closer to vertical the better. It has stepped into a lift made of air, a thermal. Look closely at the spot below where this happens and you will see how and why it has crossed into a thermal. The ground is likely to be better lit, darker or drier than the patch next to it, which is why it is warmer. 

Congratulations! You have mapped previously uncharted territory. By taking the time to observe this seed and tiny thermal, you have doubtless become the first person in history to have noticed how the air currents behave above that small patch of land. 

The Steamy Roads of Saturation

If we place an ice cube on a table in the sun we know what will happen next. It will change state from solid to liquid. It melts. If we come back a few hours later there may be nothing left on the table. The water has changed state again, this time from liquid to gas. It has evaporated, becoming water vapour. Some of the ice will have skipped the middle step and sublimated, changing from a solid straight into a gas, but there will be few surprises in what we see. 

Water’s journey in the other direction happens as regularly but is less familiar. It’s rare any of us can claim to have been watching as water turned into ice. However, we see gaseous water vapour condense into steam quite regularly – our breath on a cold day, above fresh coffee or from car exhausts. A lot of interesting but overlooked things happen when water changes state. 

The change from gas to liquid – condensation – is most significant to weather readers. All air on our planet holds some water in gas form: there is no perfectly dry air anywhere, even over the driest deserts on Earth. The warmer the air, the more water it can hold as a gas, as vapour. When air can no longer hold any more water vapour it is ‘saturated’. Saturation occurs when either the vapour levels rise or the temperature drops to the point at which air cannot hold any more water as vapour. This is the moment at which the vapour condenses to liquid and when we start to see the water: clouds, fog and steam form as a result of this process. Remember, if we can see the water, it must be liquid or solid. Water vapour, the gas, is invisible. 

The same is true in reverse: if air dries or warms, fog or clouds disappear, returning to transparent gaseous water vapour. Every time we see fog or a cloud appear or disappear, we are watching this process. 

The temperature to which air needs to cool to reach saturation is called the ‘dew point’. The more water in the air, the higher the dew point temperature, and vice versa. In other words, very wet air will form clouds if it cools a little, but very dry air needs much colder temperatures. 

After rain has passed and the sun comes out on a cold day, look for steam rising off plants or a road. The sun has warmed the rainwater until it has evaporated as vapour, which is invisible. But it has quickly cooled in the air above, reached the dew point and saturation. The vapour has condensed, returning to water and giving us the snaking threads of steam. 

In summary, temperature is the key. If it drops, vapour is more likely to turn to visible water. We see steam rise off ponds on cold mornings but no fog on hot days. 

Apples on a Roll – Stability

Every morning I gaze at the sky and ask myself, Does it look stable? It’s such an important habit, one that reveals so much in a few seconds. Once you understand how to go about it, it quickly becomes automatic. You will be able to do it by the end of the chapter. 

There are many scenarios in nature that alternate between periods of stability and the reverse. If the numbers of prey animals, like rabbits, increase, their predators, the foxes do well, breed successfully and eat more rabbits. The rabbit population falls. If the foxes eat too many rabbits, rabbit numbers plunge, the foxes starve, the rabbit population grows, and the cycle starts again. In this scenario, the population of rabbits could be said to be fairly stable: any changes lead to further changes that bring things back to what they were nearer the start point. But if disease killed all the foxes, the number of rabbits might shoot out of control for a time and the population would be unstable.

In stable systems a change creates forces that bring things back towards the start point. In an unstable system a change leads to more change, which sets up a loop of greater changes still. Here’s an unscientific definition of unstable situations: one small change and it all kicks off. 

We can experiment with stability at home. Put a large bowl on the kitchen table and place an apple in the bottom. If you push the apple a little way up the side of the bowl and let go, it rolls down to its starting point. You can nudge the apple up the side a hundred times and the ‘system’ will return to its starting point. It is stable. 

Next turn the bowl upside down and place the apple on top. Now give it the same little push and watch as it rolls fast down the side of the bowl, off the kitchen table and along the floor. One small nudge and mayhem ensues. This is an unstable system. 

The atmosphere is either stable or unstable, and to understand which we need to grapple with latent heat. For my money, the release of latent heat is the least known hugely important weather process. It takes a moment to crack, but once we’re comfortable with it, we can understand why and how one of the simplest, most powerful weather signs works. We can then almost instantly tell whether the weather around us is stable or unstable and why. And this is something we need to be able to do. It is well worth the effort. 

The Humid Blanket – Latent Heat

Energy can move and change form, but it never disappears. The total amount of energy is always conserved. This is a law of the universe and we don’t break those. 

Water vapour has more energy than liquid water, which in turn has more energy than ice. It follows that if vapour turns to water, or water turns to ice, this energy has to go somewhere and it does: it is released to the air as heat. This heat has its own name, ‘latent heat’ (from ‘latere’, meaning ‘to lie hidden’ in Latin). The same process works in reverse: whenever ice turns to water, or water turns to steam, latent heat is absorbed by the water. 

Liquid water doesn’t get colder than 0°C or hotter than 100°C.1 The reason that both temperatures are dependable is because, at the transition from one water state to another, all of the extra energy goes into the change of state – turning boiling water into gas, or ice into water. None goes into changing the temperature of the water. 

Imagine a large bowl filled with water and lots of ice cubes. If you measure the temperature of the water it will be 0°C. If you warm that bowl a little, the ice will melt, and if you put it into a freezer for a few minutes, more ice will form, but in neither case does the temperature of the water itself change. It stays at 0°C. If you heat boiling water more strongly, you get more steam, not hotter water. If you see a cooking recipe with instructions for a ‘fast boil’, don’t waste your gas: the water won’t go any higher than 100°C, you’ll just make the kitchen steamier. 

Now we’re ready to see what all this has to do with the weather signs we observe. When the air reaches saturation and condenses, a cloud forms. But this means energy must be released as heat. Cloud-forming actually heats the air. And, as we know, warm air expands and becomes less dense. So, when a cloud forms it releases heat that in turn makes the air warmer, less dense and more likely to rise. This may lead to more expansion, more cooling, more saturation and more cloud-forming. The energy released by the water vapour as a cloud grows can start the process all over again. 

In theory this process could go on for ever, but most of the time the latent heat released when clouds form isn’t enough to keep the process going and things quickly peter out. This gives us clouds that are wider than they are tall. Sometimes the heat released is enough to keep the process going and the cycle starts to feed itself, which creates clouds that are taller than they are wide. If this keeps happening, it can run away with itself, and when it does, we have a special name for it: a thunderstorm. 

The amount of heat that is released by a cloud forming is a constant, so why do some clouds grow tall and menacing and others form flatter, kinder characters? The answer lies in the way the atmosphere’s temperature changes with altitude. If the air cools faster with height than the clouds cool as they rise and expand, the clouds will keep rising for as long as this remains true. This is an ‘unstable atmosphere’. Any time warm air is under cooler air, the atmosphere is unstable. If the air cools gradually with altitude, clouds rise a bit, then stop and flatten out. This is a stable atmosphere. 

We can’t expect to see stability or instability directly as the air is invisible, but the clouds act as markers. If they are growing vertically, becoming much taller, rather than wider, and not reaching an obvious ceiling, the atmosphere is unstable. The apple is ready to roll away. The stability of the air has a bearing on almost every cloud sign we will be looking at. 

We have all felt an unstable atmosphere, on those hot, humid late-summer afternoons when we expect the weather to ‘break’. It never feels like that in dry heat. What we are sensing indirectly is the power of latent heat. Warm, very humid air rises and condenses forming clouds, but because the air is very humid, so much condensation is happening that a lot of latent heat is released. This adds fuel to the fire: the clouds continue to rise and a thunderstorm brews. 

Have you ever had that feeling after a warm, muggy day that the night is going to stay uncomfortably warm too? You’re picking up a sign I nickname the ‘humid blanket’. 

When the air is very humid, it is unlikely that the night will suddenly grow cold. This is because the latent heat in the water vapour acts as a brake on any cooling. If humid air starts to cool, it quickly reaches the dew point and the vapour starts to condense, releasing plenty of latent heat, keeping the air temperature from dropping far. The latent heat in the vapour creates a humid blanket. 

The Glass Ceiling

Have you noticed how clouds sometimes look as if they’re trapped under a glass ceiling?

The atmosphere normally gets cooler with height. We’re used to this – we expect snow at the tops of mountains not the bottom. But this trend does not always hold true. Sometimes a layer of warmer air sits on top of cooler air. This acts as a cap on the layers below. 

If rising air hits a layer of warmer air, it stops rising abruptly. It has hit a glass ceiling known as a temperature ‘inversion’, and it spreads out under this layer of warmer air. The atmosphere is super stable at this level. 

We will meet this effect regularly – it is common and happens at many levels. But you’ve probably met it already. If you have ever looked down into a valley filled with a flat layer of mist or seen the top of a storm cloud spread out, you were looking at an inversion. 




Chapter 3

The Talk of the Skies

The Seven Golden Patterns – The Cloud Families – Cloud Clues – Look After Lunch – Meeting the Cousins

Clouds want to speak. The legendary navigators of the Micronesian Islands in the Pacific Ocean used the expression kapesani lang to refer to the traditional skill of forecasting the weather by interpreting the shapes and colours of clouds. Literally translated it means, ‘the talk of the skies’. The clouds are trying to tell us so much and we’ll be spending plenty of time with them, but let us pause first to remember our aim. We’re not in the business of collecting names or identifying clouds for the sake of it. We’re trying to decipher their language and that means meeting the clouds in our own systematic way. 

First let us sharpen the tools: our senses and mind. 

No two clouds are ever exactly the same shape, but even if they were they would never appear identical because the atmosphere changes the colours we see. Clouds that appear white to a close observer pick up blue tones with distance as their light passes through clean air, but yellows, oranges and reds if there is dust in the atmosphere. The sun casts shadows within and on clouds that change by the second.

Many cloud-spotters enjoy finding shapes in clouds and there is a hidden benefit in this exercise for sign hunters. It is surprisingly difficult to track changes in the shape of clouds: they morph at a rate that is quick enough to be significant, yet too slow for us to follow easily. If we make a habit of noticing a hare, a frog or some other recognisable shape in the sky, though, the change becomes apparent as the features of the creature flex. If the hare’s ears grow, bad weather is likely, for reasons we will explore later in this chapter. 

The aim is not to stop and stare, but to keep the senses sharp. And we do this by keeping our mind alert with surprises. Our brain quickly grows accustomed to searching for shapes in clouds and this is the moment to ask it to find shapes in the gaps between clouds. They are there, as strong and distinct as the clouds’ forms. On days when there are no recognisable animals in the clouds, you may spot a small zoo in the shapes of the blue gaps. But only if you remind yourself to look for them. They will happily sneak past you if you don’t. 

Now we are ready to start spotting the signs within the clouds. Very soon we will receive their messages, as the nineteenth-century naturalist Richard Jefferies did: ‘Dark patches of cloud – spots of ink on the sky, the “messengers” – go drifting by; and after them will follow the water-carriers, harnessed to the south and west winds, drilling the long rows of rain like seed into the earth.’

The Seven Golden Patterns

It’s time to learn the fundamental patterns of change. They are the nearest we come to universal signs with clouds. 

There are a few changes that everyone still recognises. For example, darkening clouds mean a worsening forecast – the logic is simple, dark clouds hold more water – but even this pattern can be honed, once we have tuned our senses. With practice we learn to differentiate between a shadow in a cloud and a grey shape that warns of rain.

Many patterns now slip past most people, but they’re easy to spot and each contains a simple message. I call them the Seven Golden Patterns. They apply around the world in almost all weathers and regardless of the exact cloud types. We will look at them in the order of how much warning they give, from long to short. Some may appear obvious, others much less so, but they are all straightforward to use. And it is always worth reminding ourselves that few people notice the obvious in nature.

1. When clouds get lower, bad weather is more likely.

This sign grows more useful with our awareness. Many people notice a low, heavy, leaden sky, but far fewer realise it has been creeping lower for hours, sometimes days. This is about tuning in to trends. Consider the following traditional saying: ‘When the clouds are upon the hills, they’ll come down by the mills.’ This makes more sense in light of the trend than the height of the clouds. It is the fact that the clouds are coming from high to low that is significant, not that they have touched the hills. 

2.The more different cloud types you can spot, the worse the forecast. 

If we see a lot of different cloud types, it guarantees that the atmosphere is unstable at some levels, which increases the likelihood of bad weather. At this stage we aren’t trying to identify cloud types or to name them, just recognise that there are different types out there. 

3. When small clouds grow, the forecast gets worse.

It sounds so obvious, but most people don’t spot this. The casual weather observer notices when the sky has become more cloudy than clear, but not that the small clouds have been growing for hours. The opposite is also true: when clouds shrink, the forecast is improving. We will learn to refine this in many ways, but this is a general pattern that is worth picking up as early as we can. 

4. Clouds that are much taller than they are wide indicate bad weather is likely.

A very simple pattern that carries an equally simple but powerful message about instability in the atmosphere.

5. Spiky or jagged cloud tops are a warning sign of unsettled weather.

The shape of the tops of clouds is a map that shows us what the air is doing, and pointed shapes or any sharpness mean that unsettled weather is more likely. 

The last two patterns lie behind the following lore: 

When clouds appear like rocks or towers, 

Earth’s refreshed by frequent showers.

It refers to the overall shape of the cloud and the rugged texture, especially near the top. Equally, smooth, rounded cloud tops are a more positive sign. 

6. The rougher the cloud base, the more likely rain becomes.

The base of clouds tells us whether rain is imminent. If a cloud has a smooth, flat base, it is not a rain cloud.

7.The lower the cloud we use, the shorter the forecast.

Low clouds can only reveal what is just about to happen. As we will see, if they start low and grow significantly taller, that is different, but by then they will have reached greater heights and don’t count as low clouds. 

In these patterns, there was a loose progression from long to short forecasts. A lowering cloud base can give you as much as two days’ warning of bad weather, but noticing the rough base of a dark cloud may give you as little as a few minutes. We will delve much deeper into the science and detail of each pattern in stages, starting as we meet the cloud families. 

The Cloud Families 

If you let them, an official from the United Nations’ World Meteorological Organisation will slide the International Cloud Atlas under your nose, and tell you that there are more than a hundred types of cloud. They will then walk out into the rain, having forgotten their umbrella. This much we know because, before studying the sky, we were all students of human behaviour. In every field of human knowledge there are those who enjoy naming things, classifying things and creating tables. They are good folk and it is not their fault that they feel naked without a list. Here is a fundamental point I come back to again and again: If you can’t name something in nature, you can still read and understand it. 

This applies to all nature – plants, animals, rocks, the sky … The size, shape, colour and patterns in clouds are trying to tell you stories that the cloud’s name can only dream of. Humans were gleaning meaning from the clouds for thousands of years before they had any formal names. And there is no such thing as the ‘right’ name for something in nature. Certain cultures accept certain dogmas, but others reject them. Latin names unite some in the West, but would be meaningless to a tribesperson on the other side of the globe. So, as we meet our first clouds, remember that you need only to recognise these general cloud forms: nobody is going to test you on their names, Latin or otherwise. 

To start, we need only learn to recognise the shape and appearance of three main families of cloud. 

The Cirrus Family: high wispy clouds 

Cirrus clouds are the highest clouds we see regularly. Because of their altitude, cirrus clouds are always ice crystals and this gives them a pure white colour. They have many shapes, but almost always appear as a collection of wispy fine strands. They can look like white candyfloss, feathers, scratches or hairs. Their height makes them appear stationary or to be moving very slowly, but this is
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The 'Tall Tell’ - cirrus above stratus reveals hidden storms.

Fat, spreading contrails over London. The good weather ended the following day.
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An aircraft has disrupted a layer of mackerel cirrocumulus causing a long “distrail’.
The cloud has reformed as a line of icy cirrus below.

A cirrocumulus mackerel sk
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Fog drip. The fog is mapping a hidden river.

An anomalous cumulus cloud maps the hidden town of Loughborough.
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Jet Stream Ropes and weak halo. Rain started 12 hours later.
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A cliff cloud over the Isle of Wight.

Fanning smoke and mist over a village during a temperature inversion.
The weather felt very different above and below this line.
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A rock conducts heat from below and melts the snow.

A shower cloud has formed over a dark wood on a hill.

The pannus reveals that the shower has started.
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A lenticular cloud reveals a hidden mountain beyond the streets of Inverness.

Visibility deteriorates and signs of instability in the Sharjah desert. This photo
was taken a couple of hours before finding rain showers in the mountains.
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There were two rain showers on this beach. A small dog passed before both of them.
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Bluebells come into bloom first in the warmest patches of my local woods.
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In summer the cumulus is thicker and darker over the warm dark land than the cool light sea.

In winter the warm sea is warmer than the land and is mapped by cumulus.
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