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Editors’ Preface

GILBERT WHITE OBSERVED IN HIS CLASSIC BOOK The Natural History of Selborne, that ‘since the weather of a district is undoubtedly part of its natural history I shall make no further apology for the four following letters …’ The Editors of the New Naturalist Library took the same view with the publication in 1952 of Gordon Manley’s Climate and the British Scene. This successful book reflected the wide field experience of the author and ran into several impressions, finally becoming out of print in 1980.

Since the publication of Manley’s book, much has happened in our knowledge of climate and weather. The recording of relations between weather and natural history has continued to be of constant interest to natural history societies, local and national, with the weather a continual and essential backdrop to accounts of natural history. But the significance of this backdrop has been very much widened by our increased knowledge of climate change and its nature, the effects of such change in terms of flora, fauna and biodiversity and also by the increased knowledge of historical climates and weather events, a field greatly advanced by the pioneer contributions of Hubert Lamb.

The author of Climate and Weather, John Kington, has had a long involvement with these developments, with experience as a synoptic meteorologist in the Meteorological Office, and later researching historical climatology in the renowned Climatic Research Unit in the University of East Anglia.

This book is divided into two very different but related parts, the first describing and discussing the significant topics which determine our climate and weather, the second a chronology of climatic history since the 1st century BC. The notable year-by-year account puts our present experience of weather into striking perspective, and of course reflects circumstances that will have affected our fauna and flora in times past. This book is a welcome and timely addition to the New Naturalist Library.


Author’s Foreword and Acknowledgements


Lying throughout within the domain of the westerlies, beneath the sinuosities of that upper wave-pattern that girdles the Northern Hemisphere, the moist and temperate climate of the British Isles has been described by many authors. Indeed, no climate in the world has been more provocative of comment. By some, it has been described as the best in the world. For others, the astonishing variety of small-scale effects that it can and does repeatedly provide, induces resigned tolerance, irritation, or downright dislike, accompanied by declarations that the British Isles have no climate, but merely weather.

Gordon Manley, The Climate of the British Isles, 1970



THE TWENTY-SECOND VOLUME IN THE NEW NATURALIST LIBRARY, Professor Gordon Manley’s Climate and the British Scene, was published almost 60 years ago, and the enduring qualities of that renowned text have stood the test of time. The purpose of this new book is to present subsequent developments and discoveries made in the study of the climate and weather of the British Isles, with particular reference to the research that I carried out at the Climatic Research Unit (CRU), School of Environmental Sciences, University of East Anglia, Norwich, following studies under Manley at the University of London.

Besides the outstanding work of Manley, our knowledge and understanding of the climate and weather of the British Isles owes much to the efforts of Professor Hubert Lamb, founding Director of the CRU in 1971.

For instance, his study of historic storms presents a definitive account of the great windstorms that have affected the region and surrounding sea areas over the past 500 years. As one of the first meteorologists to be invited to join the staff of the CRU, I had the privilege to work with Lamb and benefit from his wide expertise in historical and synoptic climatology, particularly with the reconstruction of past circulation patterns and the classification of British Isles weather types.

I am grateful to HarperCollins for the opportunity to write this book, and to the Senior Editor, Julia Koppitz, Professor Richard West FRS and my wife, Beryl, for their advice and encouragement in seeing it through to publication. Mike Salmon (CRU) is thanked for preparing Figures 17-19.


PART I
Principal Acts in the Climatic Drama


CHAPTER 1
The Cimate and Weather of the British Isles


It is commonly observed, that when two Englishmen meet, their first talk is of the weather; they are in haste to tell each other, what each must already know, that it is hot or cold, bright or cloudy, windy or calm.

Samuel Johnson, 1758



INTRODUCTION

THIS BOOK IS ABOUT THE CLIMATE AND WEATHER OF THE BRITISH ISLES, and the subject is essentially treated in the light of the author’s experience as a synoptic meteorologist in the Meteorological Office, and as a historical climatologist in the Climatic Research Unit at the University of East Anglia. Developments made in climatology since Gordon Manley wrote his New Naturalist volume on Climate and the British Scene (Fig. 1) in 1952 are featured, together with the increasing concern, in both public and scientific circles, about the impact of climatic change on our way of life today and in the future. The book closes in the year 2000.

Part I comprises chapters on the properties of the atmosphere and its circulation, the key players in the climate and weather of these islands, seasonal characteristics, sources of meteorological data, historical weather mapping, cloud study, phenology, climatic trends, anomalies and extremes, and climatic change.

Chapter 9 provides a general overview of climate trends, but in Part II a great deal more information is given, amounting to a detailed year-by-year account of what is known about the weather and climate experienced in the British Isles during historical times. Each year’s weather is related, wherever possible, to actual or inferred situations in a way that has not been previously attempted for any period prior to the mid 19th century. As a result, a fuller synoptic record becomes available, and this should prove invaluable when the outlook is being considered. 

However, first, it is desirable that a clear distinction should be made between the study of climate and that of weather. While climate is a summary of the weather conditions over an extended period of perhaps 30 or 40 years, weather is the state of the atmosphere at any one time, or over a short spell such as a day or a week. Climate is sometimes defined as average weather – but a straightforward mean can conceal notable occurrences. For example, while a very warm summer may have been the most memorable weather event during a year, its thermal anomaly can be lost in that year’s average statistics of temperature.

In addition to examining weather as experienced in the British Isles on a daily to weekly basis and its characteristics related to large-scale synoptic situations, the book also reviews the many ways that people have observed and recorded weather conditions down the ages, using ever more sophisticated methods and instruments. It is a story based on a rich and varied resource stretching back 2000 years. This approach has allowed climatic trends, anomalies and extremes to be identified over the past two millennia.

As discussed in Chapter 4, the weather of the British Isles is basically influenced by the movement of major air masses. Situated in mid latitudes, the region lies in the path of air-mass convergence between warm subtropical and cold polar airflows. At this convergence zone, the polar front, the less dense warm air rises over the denser cold air, producing the typical weather phenomena associated with this situation, that is, fronts, depressions and rain. As a result, the climate of the British Isles can be very changeable, and various types of weather may be experienced even within the short time span of a single day. In general, however, the climate of the region is relatively mild for its latitude, since it is influenced by the North Atlantic Drift that has its origin as the Gulf Stream, the warm ocean current that develops in the Gulf of Mexico and then flows northeast across the Atlantic. In contrast, Newfoundland, on the west side of the North Atlantic at similar latitude to the British Isles, can be up to 10 °C (18 °F) colder in winter.

Although in geography textbooks the British Isles region is said to fall into the cool temperate maritime type with overall uniformity and limited range, actual experience can prove it to be very different. The region usually lies in the westerly wind belt – that is, it is in the path of travelling depressions which progress eastwards along the polar front. However, there are considerable variations in the weather, with conditions depending to a large extent upon the dominating pressure system in the circulation. For instance, the cold winter of 1947 was due to the influence of a blocking continental anticyclone, whereas the warm dry summer of 1959 was the effect of an extension of the Azores high over the British Isles, diverting away the depressions that sometimes bring unsettled conditions to the region at this time of the year.

The British Isles comprise only a relatively small geographical area of the earth’s surface, but, nevertheless, differences in climate do exist across the region. For instance, while the climate of the western half of the region is dominated by maritime air masses, that further east is often influenced by more continental situations. In addition to air masses, the intensity of insolation received at different locations, which varies according to latitude, also has an effect on climate.

Consequently, the region can be divided into four climatic subdivisions. The northwest quarter, including north Ireland, northwest England and west Scotland, is characterised by mild winters and cool summers, while the northeast quarter, comprising east Scotland and northeast England, has cold winters and cool summers. The southwest quarter, containing south Ireland, Wales and southwest England, experiences mild winters and warm summers, while central and southeast England has cold winters and warm summers. In general, the western half of the British Isles experiences a more maritime climate during winter, while the east is affected by a cold air stream from mainland Europe. In summer, climatic differences are dominated more by latitude.

The greater influence of maritime air masses in the western half of the British Isles means that it receives considerably more rainfall than the east. The generally higher ground in the west forces incoming air to rise, further enhancing precipitation; parts of the Scottish Highlands, for example, can receive over 250 cm (100 inches) of precipitation per year. In some parts of northern Britain it can rain or snow on as many as 300 days in a year. The east, by contrast, is lower and flatter, lying in the rain shadow of the Scottish Highlands, the Welsh mountains and the Pennines, and is consequently much drier; some parts of southeast England may receive only 50 cm (20 inches) of rainfall per year.

THE ELEMENTS AT PLAY

Pressure

In general, pressure decreases from south to north throughout the year over the British Isles, with isobars running from southwest or west to east or northeast. The chances that the normal pressure gradient will be reversed are greatest in the spring; with higher pressure now to the north, easterly or northeasterly winds may blow for some time, and in April the frequency of winds from the northeast almost equals that from the southwest at most locations. The likelihood that the Azores high will spread over west and south Britain reaches its maximum in June with accompanying highest sunshine durations, decreased cloud amounts, and the lowest frequency of rain. July and August bring, in general, rather more unsettled cloudy conditions, but September’s slightly weaker pressure gradients reflect the tendency for a spell of relatively quiet, dry weather during that month with slightly less cloud. Extremes of pressure range from 1054 mb at Aberdeen on 31 January 1902 to 926 mb at Ochtertyre (Perthshire) on 26 January 1884.

Temperature

The distribution of mean temperature in the British Isles is governed by latitude, distance from mainland Europe (from which drier air may spread, giving exceptional warmth in summer, cold in winter), proximity to or distance from the coast, and altitude. In addition, local modifications may come into play ascribed to aspect and the effects of minor relief features, soil, proximity to water bodies, and the works of man in the form of drainage, shelter-belts, building and, most markedly, the ongoing extension of built-up areas to towns and cities.

In midwinter, the coasts are a little warmer than the interior. Within England, the coldest winter temperatures occur in the centre of the country, but altitude is sufficient to ensure that central Scotland at higher levels is considerably colder. In spring, there is a sharp fall in mean temperature towards coasts adjacent to the cool waters of the North Sea. The most forward spring growth is found in the sheltered inland valleys of southwest England. In summer, the effects of inland location become marked, as shown, for example, by the relative coolness of the Isle of Man in July in comparison with the warmth of Yorkshire. In autumn, the effect of the coastal waters ensures that seaside locations remain warmer than those inland, especially towards the southwest.

The warmest summers are found in the Thames valley and inland parts of southeast England (Fig. 2). Hence London, with its additional urban effect, which raises the mean summer temperature in central parts of the capital by about 0.5-0.7 °C (c.1 °F), invariably has the highest mean and extreme temperatures in the British Isles.

The highest temperatures recorded in the British Isles are comparable to those observed in nearby mainland Europe. For example, 38.1 °C (100.5 °F) was reported at Tonbridge (Kent) in July 1868. There have been a number of occasions with temperatures between 35 and 37 °C (95-99 °F) at inland stations in southeast England and the east Midlands, notably in August 1911 and August 1932. Such extremes are not likely in Scotland and Ireland: 32 °C (90 °F) has rarely been recorded in these countries over the past century or so.

The lowest temperatures on record under standard conditions come from valley stations in the eastern Scottish Highlands: −27.2 °C (−17 °F) at Braemar (Aberdeenshire) in February 1895 and January 1982, and at Altnaharra (Sutherland) in December 1995. Earlier unofficial observations indicate that −30 °C (−22 °F) may have been recorded in some upland Scottish glens during the past. For England, −24 °C (−11 °F) was observed at Buxton (Derbyshire), also in February 1895, with −23 °C (−9 °F) in central Wales in January 1940. From records kept before the introduction of Stevenson screens, in combination with what is known regarding the location of unusually severe frost hollows, it is possible that values of −25 °C (−13 °F) may have occurred at times in southern England (Fig. 3). For Ireland, the lowest temperature on record is −20 °C (−4 °F), but minimum values at inland stations in the country have rarely fallen below −15 °C (5 °F).

Frost hollows

During long, clear nights in upland valleys, air cooled by contact with the ground moves downslope to form a katabatic flow. This cold air accumulates in low-lying parts, resulting in the formation of either dew or hoar frost. Thick hedges and railway embankments lying across slopes can dam the cold air and in the same way act as traps for dew or frost. Such frost hollows are widespread and are not limited to upland areas.

At the bottom of many valleys in the Chilterns, the Cotswolds and the Downs, ground frost occurs throughout the year, even in midsummer, on as many as three nights in five. A small valley in the Chilterns near Rickmansworth (Hertfordshire) was one of the best-known frost hollows in the British Isles, with exceptionally low temperatures recorded in all seasons of the year. However, the former extreme microclimate of the valley has probably been affected by expanding suburban development that began during the late 1940s.

Urban climate and heat is lands

Created by man, urban climate is one of the most distinctive types of local climate. By modifying the thermal, hydrological and roughness properties of the surface, distinctive changes are made to the atmospheric conditions between and above buildings, and a regionally distinct local climate can be created in towns and cities. It is at times of light winds, clear skies and inversions in the boundary layer that the greatest modifications are made.

The high heat capacity of brick and concrete, along with the reduction of wind speed by buildings, helps to raise the mean annual temperatures in towns and cities above those in the suburbs and neighbouring country. The actual increase in warming often amounts to about 2 °C (3-4 °F) and may on occasions be a 5 °C (9 °F) increase for people living or working in built-up areas. Night-time minima during winter are especially affected by these factors. In summer, evening cooling is also slower in the city than outside, although maximum temperatures may be equal. After the extensive brick- and concrete-covered areas have absorbed heat all day, they radiate strongly through the night. Although temperature inversions may form shortly after sunset in the suburbs to bring relief from the heat, temperatures inside the city remain near maximum until late evening, and if combined with high humidities become most oppressive. A city then becomes a heat island, and only when the wind increases above 25-30 km/h (15-19 mph; Beaufort force 4-5) is ventilation strong enough to make this effect disappear. Heat islands become hottest under anticyclonic conditions when winds are very light and sunshine is prolonged. Heat-island effects are lessened under windy unstable conditions, because any excess heat is transported away by turbulence.

Growing season

In lowland England the length of the growing season – that is, the period during which the mean temperature exceeds 6 °C (43 °F) – is about eight months. But the slow rise of mean temperature through the spring months implies that in open rural districts there is a considerable risk of frost, given a clear radiation night, until far on into May. Moreover, the incidence of frost varies so greatly in different locations that the average length of the frost-free period in lowland England ranges from only about two and a half months on the sandy heathlands to six months on favourable slopes and to upward of seven months within built-up areas of the larger towns and cities. Frost in this instance refers to air frost -that is, a screen minimum temperature of 0 °C (32 °F) or below at 1 m (c. 3.5 feet) above a grass surface.

An outstanding feature of the climate in upland Britain is the rapid fall of temperature with height, and the associated rapid rate of change in the length and effective warmth of the growing season with altitude. This results in a remarkably low altitude of the tree line compared with many other temperate-climate countries – between 600 and 700 m (2,000-2,300 feet). 


No feature is more vivid in the writer’s mind than that of a well-known Swiss professor of geology who, confronted at 1,680 feet [512 m] – the level of Berne-with a wide stretch of the Pennines between Teesdale and Weardale, surprisingly declared ‘this is the tundra.’

Gordon Manley, Climate and the British Scene, 1952



Wind

While surface winds are often influenced by local factors such as nearby relief and proximity to the sea, there is a general probability that the prevailing wind direction will be from the south to west on six days out of ten, and from the north to east on rather more than two days (Fig. 4). It will be calm on considerably less than one day, and on the remaining few occasions winds will be from the south to east, or north to west.

The strength of the wind is not so easy to generalise. In open country free from obstacles, such as on a large airfield, the average speed throughout the year is considerably greater than it would be in a built-up area, although funnelling effect between tall buildings can noticeably increase wind speeds. At representative open-country sites by day, wind strength is commonly of the order of Beaufort force 3 (12-19 km/h; 8-12 mph). At coastal sites the strongest winds tend to blow from seaward, in whichever direction that may be; winds off the land are much less strong overall.

Sea and land breezes

These are local winds, caused by the unequal heating and cooling of adjacent land and water surfaces due to solar radiation by day and terrestrial radiation by night, which produces a pressure gradient near the coast.

Onshore sea breezes are normally associated with the warmer months of the year, when the difference in temperature between the sea and the adjacent land is sufficient, and convection is not suppressed by the presence of anticyclonic subsidence. In general, a sea breeze is unlikely to develop if the pressure gradient is such that the wind comes directly off the land and exceeds Beaufort force 3.

The distribution of sea surface temperature in the waters surrounding the British Isles shows that in summer a tongue of relatively cool water extends southward off the east coast of Britain and, as a result, if suitable conditions occur, sea breezes will develop along this coastal margin. In June, July and August the water temperature off the North Sea coast is a little lower than that off the shores of the Irish Sea. At the same time, westerly winds off the land, due to friction, are likely to be less strong on the east coasts, whereas on the west coast the sea breeze merely intensifies the strength of the prevailing wind. With light westerly winds, skies inland are usually less cloudy on the eastern side of the country, day-time temperatures inland rise a little higher and the temperature gradient across the coast is greater. It is quite common to find that on summer days, when the maximum temperature a few kilometres inland rises to between 27 °C (80 °F) and 30 °C (86 °F), it will not exceed 20 °C (68 °F) along most of the east coast.

The distance to which the afternoon sea breeze will penetrate depends on the extent to which it is favoured or oppressed by the overall pressure gradient. On the east coast, if the westerly land wind does not exceed Beaufort force 3, summer sea breezes will undercut it for several hours in the afternoon and may penetrate 5-8 km (3-5 miles) or more from the coast.

Occasionally, when the pressure gradient reinforces the thermal effect, sea breezes may become perceptible on warm afternoons many kilometres inland provided there are no hills to act as a wind break. For instance, there is evidence that in warm summer weather with light easterly winds, the sea breeze from the southern North Sea, accompanied by a welcome freshening of the air, can be felt in London about five hours after noon; also at Norwich, 32 km (20 miles) from the coast, a weak sea breeze can sometimes be detected in the early evening.

Offshore land breezes are usually less developed than sea breezes, except on occasions during clear, very cold winter nights, especially when the ground is snow-covered.

Mountain breezes or drainage winds

On a radiation night of clear skies and a weak pressure gradient, terrestrial radiation from the earth’s surface causes a layer of cold air to form near the ground with an associated temperature inversion. If the ground is sloping, air close to the ground is colder than that at the same level but some horizontal distance away. Downslope gravitational flow of the colder, denser air beneath the warmer, lighter air results in a mountain breeze or drainage wind. I regularly experienced this effect on night duty at Croydon Airport, when a light katabatic flow down the northern slope of the North Downs kept fog from forming at this aerodrome when other London airports such as Northholt and Heathrow became fog-bound in the Thames valley.

Föhn effects

The term föhn (which originates from the Alps) refers to a warm dry wind that occurs to leeward of mountains. Föhn effects are most common in the British Isles when an anticyclone has become centred to the east of the region so that the flow over the country lies between south and southeast. In this situation subsidence leads to the formation of a medium-level inversion. Under these conditions standing-wave phenomena develop over and in the lee of the mountains. In the regions where the warm dry air is descending, the temperature unexpectedly rises, accompanied by a characteristic gusty wind and very low humidities. The most frequent developments of this kind affect coastal districts along the southern shore of the Moray Firth in northeast Scotland. Temperatures exceeding 15 °C (59 °F) have been known in December and January; a maximum of 22.3 °C (72.1 °F) was observed at Kinloss and Forres on 9 March 1948. Further south, highest midwinter maxima have been recorded under similar circumstances along the north Welsh coast – for example, 17.8 °C (64 °F) in December and 17.2 °C (63 °F) in January.

Lee wave effects

Under certain meteorological conditions, severe damaging gales can occur on the normally sheltered lee side of hill ranges. For example, an extraordinary amount of damage to Scottish forests was caused by severe northerly gales during the great storm on 31 January 1953, which was the more remarkable as it was much greater on the south-facing slopes. Similarly, the Sheffield gale of 16 February 1962 caused a large amount of structural damage: this was a storm-force westerly gale whose effects were mainly confined to the eastern slopes of the Pennines. The explanation in both cases lay in the rapid spread of an anticyclone that followed the passage of a depression and the development of upper-level stability with a subsidence inversion, giving the situation that favours the production of standing waves and severe downslope winds on the lee side of hill ranges.

Helm wind

A notable phenomenon of Manley’s beloved uplands is the helm wind, which he studied using data collected in the field. This local wind (condemned by John Ruskin as one of the ‘plague winds’ of the world), long recognised as a characteristic feature of the Crossfell district in the Pennines, most frequently occurs in late winter and spring when a northeasterly situation over the British Isles (see Lamb weather types, Chapter 6) produces a strong pressure gradient over northern England. If this effect is combined with an upper-level inversion layer, the strong northeasterly wind blowing down the western slope of Crossfell can produce a bank of cloud (the ‘helm’) that rests along or just above the summit together with a slender, nearly stationary roll of whirling cloud (the ‘helm bar’), parallel with the helm, above a point 2-6 km (1-4 miles) from the foot of the fell. Local folk assert that ‘the bar never crosses the Eden’, the river in the leeward valley. During the mornings the bar usually moves slowly downwind, towards the southwest, but later in the day, just as the cloud seems to cross the river, it retreats back towards the escarpment, hence the old saying. Translating the story into meteorological terms, there is a tendency for lee wavelength to increase during the morning and decrease later in the day. The helm wind is very gusty and often violent as it blows down the steep fell sides but ceases under the helm-bar cloud, and west of this point a light surface westerly wind may prevail over a short distance.

Humidity

There is usually sufficient moisture in the atmosphere throughout the British Isles to ensure that the relative humidity is comparatively high and the evaporation rate by day is rarely excessive. In fact, from early November to the beginning of March, evaporation of moisture from the ground is so slow that in many years the soil and vegetation remain perceptibly damp almost throughout late autumn to early spring.

Inland in Ireland, the average daytime values of relative humidity throughout the year, even in the drier warmer southeastern counties, are well above those in central England. This gives a further objective climatic basis for the popular ‘Emerald Isle’ image of the country, together with the diminished evaporation, slightly less sunshine, and increased cloud and rain compared with much of England. 

Precipitationk

In general, precipitation over the greater part of the British Isles is relatively frequent but not heavy. About three-quarters of the English lowlands receive less than 750 mm (c. 30 in) as an annual average. With this can be included a narrow strip forming the lowland fringe of eastern Scotland and a very small coastal area around Dublin in eastern Ireland.

The uplands and mountains receive a great deal more than this amount (Figs 5 & 6). For example, in the western Scottish Highlands the summit of Ben Nevis receives upwards of 3,800 mm (150 inches) per year, and further westward it is believed that the average may locally exceed 5,000 mm (200 inches) among the mountains at the head of the sea lochs; it may also attain this figure around the summit of Snowdon in north Wales.

The prevailing intensity of rainfall in the lowlands of the British Isles is not great, with an overall value of about 1.3 mm (0.05 inches) per hour. This is about one-third of the intensity that is characteristic of the Mediterranean or eastern North America. However, heavy falls in short periods do occur, mainly in summer thunderstorms; local intensities have frequently been observed in excess of 50 mm (2 inches) per hour. Several stations have recorded falls within one hour of 75-100 mm (3-4 inches). Almost every county in Britain has recorded one or more downpours of 100 mm (4 inches) in a day. The greatest fall in one day on record (up to 2000) occurred at Martinstown (Dorset) on 18 July 1955 when 280 mm (11 inches) was measured in a prolonged series of thunderstorms over a small area close to the coast. A series of heavy summer thunderstorms converging over high ground can give rise to severe flooding in steeply falling streams and narrow valleys, with consequent devastation. Notable events of this kind occurred in Exmoor on 15 August 1952, when upwards of 230 mm (9 inches) fell over a period of a few hours in the afternoon, causing the Lynmouth (Devon) floods. Similar catastrophic upland thunderstorms have been known elsewhere in which falls of the order of 150-200 mm (6-8 inches) have been recorded, including a number in the Pennines causing much damage.

Falls exceeding 100 mm (4 inches) in a day occur among the mountains as long-continued orographic rainstorms, generally in association with strong winds and marked convergence ahead of slow-moving warm fronts of deep depressions. Most of these have taken place among the mountains towards the west coast, where several stations have reported falls of between 180 and 220 mm (7-9 inches). It is, however, noteworthy that, firstly, the most prolonged orographic falls of this type have not quite attained in one day the amount recorded in occasional thunderstorms and, secondly, that hitherto the heaviest falls of this type have all been recorded towards southwest England (Dorset, Somerset and Devon). 

Very heavy orographic rains intensified by the effects of surface convergence have been recorded on the east side of Britain. Over 150 mm (6 inches) fell in one day on the uplands of Berwickshire on 12 August 1948. Probably the greatest series of floods on record in northeast Scotland were the ‘Moray floods’ of 2-4 August 1829, associated with cyclonic convergence over a period of three days into the Moray Firth.

The effects of the uplands and mountains lying athwart the prevailing southwesterly winds are considerable. For example, Liverpool, to leeward of the Welsh mountains, and Edinburgh and Inverness, to leeward of the Scottish mountains, record fewer days of rain than would be the case if the mountain barriers did not exist; Dublin is similarly favoured by the Wicklow mountains.

Droughts and dry spells

Absolute drought is defined as a spell of 15 days or more without measurable rain on any day – that is, less than 0.2 mm (0.01 inches). On average, at least one such spell can be expected each year in southeast England (Fig. 7), but they are much rarer in the far northwest of Britain, where as many as 20 dry days in succession have so far not been recorded. South of the Scottish Highlands, most of Britain has experienced a spell of more than 30 days without rain, rising to 40 locally. In a narrow strip along the coasts of Kent and Sussex, a spell of over 60 days without rain was recorded in the spring of 1893. Droughts in Ireland are less likely, although a total of 30 days without rain has been slightly exceeded over parts of the east and southeast. 

Snow and snow cover

Snow or sleet is likely to occur whenever a sufficient depth of cold air is present in the lower atmosphere with a wet-bulb temperature (temperature of saturated air) not exceeding 3 °C (37 °F). Associated surface winds are usually from some point between southeast through northeast to north, although they can occasionally be from the northwest. Westerly winds, with a longer Atlantic track, are rarely cold enough for snow, except at high altitudes in Scotland.

Due to the wide range of mean monthly temperatures during the autumn, winter and spring, it will be evident that from October to May exceptionally wide variations occur in the frequency with which snow falls, both from month to month and from year to year. At quite low altitudes in southern England, snowflakes have been observed in every month from September to June, and there are credible reports that melting snowflakes, rather than hail, were observed in northern central England on one occasion in July 1888.

The frequency of snowfall increases from south to north, from west to east, and with altitude. It also increases on all uplands that lie exposed either to unstable Arctic airstreams, or to continental airstreams, if cold, that become unstable as they cross the relatively warm North Sea. Snow and sleet showers are therefore more frequent adjacent to the North Sea coast, and sometimes in north Wales, north Norfolk and east Kent. Eastern and northern Ireland are similarly affected – but less often, as the additional crossing of the Irish Sea, which remains slightly warmer than the North Sea, means that such showers may be of cold rain or hail rather than sleet or snow.

The occurrence of snowfall has been recorded since 1668 by a long succession of observers in the London area, whose reports up to the year 1970 were standardised and meticulously analysed by Manley. Fluctuations in the total number of days for each winter can be stated in terms of percentage of the average. For instance, the 1695 winter (1694/95) gave over three times the normal total, and the 1785, 1879, 1917 and 1963 winters almost three times. By way of contrast, there have been winters during which some observers did not record any snow, although Manley’s analysis did not reveal a completely snow-free winter when account was taken of the overall London area. Nevertheless, there have been occasional winters with not more than three days of snowfall, such as 1863, and the 1686, 1734, 1943 and 1957 winters were almost free of snow. As well as providing local interest in the climate of London, this long-term series of snowfall observations is of further general value, since the fluctuations in the record are broadly representative of those that occurred over the country in general.

Ireland lies at a greater distance from the continental source regions from which some of the colder air masses of winter arrive. As a result, there will be many occasions when snow falls in Scotland or England, but precipitation merely in the form of sleet or cold rain will occur in Ireland. Another factor is that the Irish Sea is generally a degree or so warmer than the North Sea throughout the winter months.

Since the mean temperature of the coldest month in the British Isles is a little above the freezing point, snow cover in the region is in general intermittent and of brief duration but exceedingly variable from season to season.

A day with snow lying is recorded when at 0900 h more than half the ground in sight at the level of the observer is covered. Hence in the milder parts of the country this will not always imply a whole day’s duration of snow cover. Much depends on how far the ground surface may already have been chilled. But in the uplands, the total of days with snow cover at 0900 h is probably very close to the number of days on which snow lay for the duration of the day. Along the south English coast the average decreases from about four mornings a year in Sussex to fewer than two in Cornwall. At lower altitudes around London, though not within the closely built-up area, this rises to about seven mornings a year but with wide inter-annual variations. Over much of central England and as far north as York and Lancaster, between eight and twelve mornings a year is characteristic, and the Scottish lowlands lying by the Forth and Clyde are very similar. The effect of the sea is felt everywhere, even in Shetland, where although snow can be expected to fall on 40 days a year it only lies on average on about 12 mornings. Much of central Ireland has an average of about five mornings a year, but on its southwest coasts snow cover is quite rare and short-lasting. 

The number of days with snow cover rises rapidly with altitude, not only because of lower temperatures but also because of the greater quantity that falls, especially on hills and mountains that lie exposed to easterly or northeasterly winds (Fig. 8). Orographic snowfall can occasionally be extremely heavy and prolonged on these northern uplands, and two or three such falls in succession can give very great accumulations capable of lasting for some time. Furthermore, on the open windswept uplands such falls are accompanied by severe drifting. On 4-6 March 1947, 150 cm (60 inches) fell in upper Teesdale (Fig. 9) and also on the uplands of north Wales. On 18-20 February 1941, 110 cm (44 inches) fell at Durham during a single fall lasting 56 hours.

Extremely heavy orographic snowfall can accumulate on the uplands of southwest England. With a depression centred over western France and a strong easterly wind blowing down the Channel, Dartmoor presents a barrier across which severe snowstorm-blizzards can occur. Even on the uplands of west Cornwall heavy drifting snowfalls, though rare, are not unknown, as in February 1955. For similar reasons, occasional heavy snow may fall along the south coast of Ireland.

However, apart from in the uplands and mountains, upon which orographic uplift adds to the precipitation, the maximum depth of snow that can accumulate is considerably less for a variety of reasons. It appears that 60 cm (24 inches) of level snow is probably about the largest fall that can generally be expected on low ground, and this perhaps would occur only once in 50-100 years. Much of lowland Lancashire received a snowfall approaching this depth at the end of January 1940. There are reports of falls of the same order in London on 14-20 February 1579, over East Anglia on 25-27 December 1836, and over parts of Oxfordshire on 18-19 January 1881.

In round figures, the rate of increase with altitude in the average annual number of days with snow cover can be put at about eight per 100 metres (333 feet) of rise. It is rather more rapid (about eleven) in northeast Scotland, less rapid in south Wales and Devon (about five). There are considerable variations, as some hill slopes and summits are likely to carry less snow on account of drifting, so that the local duration may be less. Hence such generalised figures must only be considered approximate.

It is probable that the most serious snowfalls from the standpoint of the disruption they cause are those that occasionally affect the whole of southern England bordering the Channel. Memorable snowstorm-blizzard conditions of this type occurred in January 1814, January 1881, March 1891, January 1963 and February 1970. In each case, a depression moving eastward into central France was associated with a cold continental flow on its northern flank.

These extremes are mentioned because although in many years snowfalls are of quite negligible importance over most of the British Isles, no part of the region is wholly free from the possibility of very heavy falls, and they can occur at unusual seasons such as those produced in a polar low developing in an Arctic maritime airstream in the spring. Exceedingly heavy snowfall was reported in northwest Ireland in April 1917, in Suffolk in April 1919, in Lancashire and west Yorkshire in May 1935, and in northern Scotland in June 1749.

On extreme and rare occasions, as in 1963, continuous snow cover can last for two months over much of lowland England and perhaps one month in central Ireland, but the probability of such an event seems to be of the order of once, possibly twice, in a century.

On the mountains, the probability of an average of 100 days with snow cover is attained at 600 m (2,000 feet) in the eastern Scottish Highlands. Snow cover at this altitude is therefore fairly reliable from early January to the end of March, and winter skiing based at Aviemore became a fairly regular event, with further developments at several other centres. It is, however, quite common for an influx of warm maritime tropical air with heavy rain to remove all the snow up to 1,000 m (3,300 feet) or so. Even on the summit of Ben Nevis (1,343 m/4,406 feet) the temperature has been known to rise to 9 °C (48 °F) in January, although the mean for the month is −4.5 °C (24 °F).

Small snowdrift accumulations may last throughout the year in the steep, narrow and heavily shaded north-facing gullies both on Ben Nevis and on Braeriach in the Cairngorms, where they persist at an altitude of 1,150 m (3,800 feet). Up until 1933 these had not been known to completely disappear, but in the September of that year they did, and since then there have been at least seven occasions when the last of them has melted completely in the late summer, sometimes in September. This response is in accordance with the recent warming trend in northwest Europe and resulting glacier retreat in Norway. As a result, the commercial skiing enterprise in the Scottish Highlands became a less viable concern during the late 20th century. Knowledge of the overall fluctuations of temperature in the British Isles since 1670 led Manley to believe that no true glaciers had developed in the Scottish Highlands during historic times.

CLIMATE AND MAN

Climatic extremes, anomalies and variations have both direct and indirect impacts on human society. Throughout the history of mankind innumerable case studies have shown that societies, nomadic as well as sedentary, industrialised as well as agrarian, recent as well as past, have been constantly engaged with atmospheric processes.

Ingenuity has allowed many societies to cope with climatic extremes, anomalies and variations as best they could. Societies have developed various ways to deal with the climatic characteristics in their respective regions. For instance, they have developed irrigation schemes and fertilisers to enhance food production, transportation and storage facilities, even air conditioning and refrigeration, as ways to deal with the natural constraints imposed on them by their regional climatic conditions.

While acknowledging, like Manley, the controversial nature of the effect of climate on human affairs, certain climatic extreme conditions down the ages have had a detectable impact on people’s way of life: heat-related deaths and social unrest in very warm summers; increased death rates amongst vulnerable people, old and homeless, in severe winters; and bad harvests and famine, especially in northern Britain, in very cool wet summers. Also, there are several extreme weather events that directly affect man such as heavy snowfall, freezing rain, fog and severe floods. Widespread heavy snowfall can be one of the most disruptive and paralysing events to affect extensive areas of the country, and the rapid removal of snow is vital during and after snowstorms, since its drifting is liable to fill up previous clearances made in snow banks to allow road travel. Although relatively rare, the occurrence of freezing rain forming glazed frost (‘black ice’) on roads and pavements slows down traffic and causes many accidents, with the greatest danger on hills. Adequate warning of the approach of an ice storm allows highway authorities to organise manpower and equipment to grit dangerous surfaces. Poor visibility caused by fog leads to slowing down of traffic on roads and rail networks and disruption to air travel. Severe floods can cause great damage to property, especially in flood plains.

Climate and health

The way in which climate may influence people most directly – that is, by affecting their physical condition – can be critical. Most people are aware that certain days and places are more invigorating and stimulating to mental and physical activity than others. In the 1920s, the American climatologist, Ellsworth Huntington, a leading exponent of the theory that climatic change is a key factor in the history of civilisation, proposed that a monotonous climatic regime is more enervating than one having changeable conditions. According to Manley, Huntington had controversially expressed the view that the climate of southeast England might even be more advantageous than that of Yale (his university) with regard to the development and progress of civilisation.

Temperate cyclonic climates were therefore considered particularly stimulating, whereas tropical and continental interior climates were thought to encourage physical and mental lethargy. It appears that physical efficiency is highest when temperatures are around 18 °C (64 °F) and relative humidities between 75 and 80 per cent, though ideally both should fluctuate, as should pressure. Human mental capacity appears to be stimulated by living in a changeable climate and by colder weather outside than conditions in a workroom. To maintain comfortable indoor conditions, thermostats on central heating and air conditioning systems are usually set at about 20 °C (68 °F).

The key factor concerning the impact of climate on people is the capacity of the body to regulate its temperature. When the relative humidity is high and the temperature above 20 °C (68 °F), natural cooling by radiation and evaporation from the skin and lungs is insufficient to stop the body temperature rising above normal. Vigorous exercise is then followed by discomfort and a sense of oppression, and in extreme cases by heatstroke. Air movement helps to increase the body’s cooling power, even when temperatures and humidities are still high. As a result, fans, or, better still, air conditioning, are almost essential for indoor comfort in the humid tropics and subtropics. The author, as a forecaster in Bahrain, experienced such conditions to the extreme when, in summer, the wet-bulb temperature rose above body heat, 37 °C (98.4 °F). It was then impossible to cool down naturally in non-air-conditioned areas due to perspiration not evaporating from one’s skin.


The ideal warmth is that which permits the waste heat of the body to be dissipated as soon as developed, neither too fast nor too slowly, in order that the body’s temperature may be maintained at the required 98.4 °F. Dry air mitigates heat by accelerating evaporation from the skin, but very dry air produces in the human being excessive excitability and sleeplessness. Moist climates have the opposite effect of producing nervous depression and lethargy. Now, whilst the complicated human mechanism of heat elimination will adjust itself to a considerable range of external temperature or moisture, it adjusts itself at the expense of energy and efficiency.

S. F. Markham, Climate and the Energy of Nations, 1942



In temperate climates, more than half the heat loss from the body is due to radiation. In the tropics radiation losses are small, but in polar regions they may rise to more than two-thirds when the air is calm. In cold, windy conditions, a great deal of heat is also lost by conduction and convection, but much less by evaporation, since the body perspires very little at low temperatures. Actual physical injury from intense cold occurs when the body loses more heat than it can produce; this occurs when the body is immersed in cold water or exposed to cold air. Water has a cooling power over 20 times greater than that of air, and at near-freezing temperatures may kill a person in less than 15 minutes.

The climate inside buildings, and to some extent in the streets and even the parks of urban areas, is partly man-made – but it is not always well designed for comfort. In most parts of the world traditional forms of architecture have evolved through long experience to provide the basic necessities. For example, in temperate latitudes, windows were made large enough to provide light where it was needed but they were traditionally not so large as to cool or warm the interior excessively, while pitched roofs help to dispose of rain and snow. Certain developments in architecture and building techniques made in the late 20th and early 21st centuries have often failed to provide these basic needs and safety measures without resort to expensive heating and cooling apparatus. For instance, in some so-called ‘state of the art’ new buildings – including, unbelievably, hospitals – large glass frontages have created huge greenhouses that become uncomfortably hot and oppressive in sunny weather.

Age Concern, the largest charity in the country providing health advice to the elderly, has taken a more enlightened approach to monitoring thermal conditions in the home by issuing temperature alert cards with critical limits highlighted: 24-27 °C (75-80 °F) – too hot, reduce your heating; 18-21 °C (65-70 °F) – ideal, do not adjust your heating; 15 °C (60 °F) – warning, turn your heating up; 10-13 °C (50-55 °F) – danger of hypothermia.

During the early 18th century, the Dutch physician Herman Boerhaave examined the possible relationship between weather and public health. One of his students at Leiden University was the English physician James Jurin, who, in 1723, was instrumental in setting up meteorological observing for the Royal Society. In the 1770s, medical authorities in France decided to make a systematic study of climate and public health. As a result, the Société Royale de Médecine was established, under the patronage of Louis XVI, to maintain a regular correspondence on meteorological and medical matters with doctors throughout the realm in order to determine whether illnesses and epidemics were influenced by weather conditions and the seasons.

Today, it is clear that many illnesses and diseases have an association with certain types of weather. In some cases there is a direct physical relationship between climate and illness – for example, the close connection between bronchitis and polluted, foggy conditions. Often the association is less direct but still unmistakable – for example, certain climates obviously foster the development and spread of particular viruses, organisms and disease-carrying insects such as the malarial mosquito and the tsetse fly. Research also shows that even old wives’ tales about the weather may sometimes be based on fact. Some experts believe that old wounds, corns and aching joints can, as claimed by many sufferers, foretell the weather, especially rain, by reacting to static electrical effects that may herald the arrival of frontal systems.

Climate also plays a crucial role in the development and spread of animal and plant pests and diseases. For example, research shows that potato blight is extremely likely to develop about two weeks after a 48-hour period during which minimum air temperatures have not fallen below 10 °C (50 °F) and the relative humidity has remained above 75 per cent. Such conditions often occur in the summer during a spell of overcast, wet weather associated with a slow-moving depression over the British Isles.

Some diseases that are not of local origin depend even more directly on the weather. For instance, germs, spores and insect pests can be carried by the wind over hundreds of kilometres; the spores of black rust, a disease of cereal crops, can reach southern England from as far away as north Africa. The widespread movement of such material negates the argument, made by some members of the scientific community, that genetically modified (GM) crops could be prevented from contaminating surrounding natural arable farming by placing relatively narrow strips of neutral ground between them and normal crops.


CHAPTER 2
The Atmosphere and its Circulation


It is strange what weather we have had.

Samuel Pepys



THE ATMOSPHERE

THE EARTH’S ATMOSPHERE COMPRISES A MIXTURE OF GASES, approximately 78 per cent nitrogen and 21 per cent oxygen with small amounts of other gases including argon, ozone and carbon dioxide. While the proportion of these gases remains constant (apart from an increasing man-made input of carbon dioxide), there is in addition a constantly varying amount of water vapour. Since the condensation of water vapour leads to the formation of cloud and precipitation, as well as surface effects such as dew, frost and fog, this gas is a vital constituent of the atmosphere in determining the character of the earth’s weather and climate.

The presence of aurora indicates that the atmosphere is at least 1,000 km (600 miles) deep, but over half by weight is concentrated in the lowest 6.5 km (4 miles), and at greater heights the atmosphere is extremely tenuous.

The atmosphere is made up of several distinct layers. In the lowest layer, the troposphere, there is usually a lapse rate, that is, a decrease of temperature with height, which, on average, has a value of about 6 °C per kilometre (3.5 °F per 1,000 feet). Most of the water vapour is in the troposphere, and at any one time the variable amount of this gas decreases with height mainly due to the decrease of temperature with height. All ‘normal’ weather phenomena take place in this layer of the atmosphere.

The next layer, the stratosphere, is mostly isothermal in its lower part – that is, there is little change of temperature with height. There is little or no water vapour and therefore no weather occurs in the normal sense. The narrow boundary layer between the troposphere and stratosphere is termed the tropopause. On average, its height is 16-19 km (10-12 miles) over the equator, falling to about 11 km (7 miles) in the latitude of the British Isles and to about 6 km (4 miles) at the poles. A variation in height occurs seasonally and also diurnally with changes in surface temperature. For example, over the British Isles the tropopause varies in height from 8 km to 13 km (5-8 miles). As the tropopause is highest over the equator, the lowest temperatures of this boundary layer are found there. Also, as the temperature of the tropopause is comparatively high over the poles, the temperature rises in the stratosphere from the equator to the poles in any horizontal plane.

Water vapour

In meteorology, water vapour is the most important constituent of the atmosphere, as well as being the most variable in space and time. Supplied to the atmosphere by the evaporation of water at the earth’s surface, water vapour decreases fairly steadily with height throughout the troposphere and into the lower stratosphere, with about 90 per cent lying below 6.5 km (4 miles). Its average mass the world over is such that if it were condensed it would be equivalent to a layer of water about 2.5 cm (1 inch) deep over the entire surface of the earth.

One of its main effects is that it acts as the main greenhouse gas in the control of the long-wave radiation balance in the atmosphere. Recent research also shows that although relatively small in amount, water vapour in the lower stratosphere plays a key role in temperature variations at the earth’s surface. For instance, although almost one-third of the global warming recorded during the 1990s appears to have been due to an increase in stratospheric water vapour, the subsequent slowdown in warming since 2000 can be attributed to the decrease in water vapour at high levels after that year.

Atmospheric pressure

Pressure is the weight of the atmosphere per unit area, measured in hectopascals (hPa) or millibars (mb). The millibar, familiar from long-term use, was introduced by Sir Napier Shaw in 1909 and internationally adopted in 1929. A hectopascal is formally defined as a pressure of 100 newtons per square metre, and it is exactly equal to 1 mb. Over the British Isles the average mean sea-level pressure is about 1,014 hPa (mb); the highest and lowest values on record are 1,055 and 925 hPa (mb). At higher levels the weight of air above a particular surface will be less, and therefore pressure decreases with height. Near the surface of the earth pressure decreases with height at about 1 hPa per 9 m (30 feet). As air is compressible, it is densest and therefore heaviest at lower levels, and thus the decrease in pressure with height becomes less the higher one goes. As the horizontal variation of pressure is thousands of times smaller than the vertical variation, a correction of pressure readings to mean sea level is necessary for purposes of comparison between surface weather stations.

PRESSURE SYSTEMS

When isobars, lines of equal pressure, are drawn on a synoptic weather map several distinctive patterns such as depressions, anticyclones, troughs and ridges can usually be recognised.

Depressions

A depression, or low, is a pressure system of closed isobars with low pressure at its centre. The wind circulation in the northern hemisphere is anticlockwise. The term cyclone, coined by Henry Piddington in 1848 essentially for tropical revolving storms, is sometimes used for a depression. If pressure is falling at the centre, the depression is said to be deepening or intensifying; if pressure is rising, the low is filling up or weakening. When a depression is deepening, the resulting convergence of air at low levels must be more than compensated by the removal of air aloft, leading to ascending motion, clouds and precipitation.

Bombs and sting jets

Winds in a cyclonic circulation strengthen as the central pressure of the depression falls during its intensification, that is, cyclogenesis. In rare circumstances, the pressure may fall at an extremely rapid rate, resulting in the formation of a system of violent winds known as a bomb. The stronger the cyclogenesis the greater the risk of a bomb formation. A hook-shaped tip in the cyclonic cloud pattern, known as a sting jet and indicating the location of the bomb, tends to appear on the southern edge of the low. This localised feature, typically only a few tens of kilometres wide and about 1 km (0.6 miles) deep, descends towards the surface over a period of three to four hours from a distinctive cloud-top formation at a height of about 5 km (3 miles).

A sting jet is essentially the process in which part of the upper jet stream is brought down to near ground level. Precipitation falling into the bomb evaporates and cools it as it descends, helping to accelerate wind speeds in the sting jet within the bomb to values of over 160 km/h (100 mph). The band of extreme winds making up the sting jet typically lies about 150 km (90 miles) from the storm centre and can cause great devastation – such as in October 1987, when the bomb that struck southern England and northern France caused millions of trees to be flattened.

Secondary depressions

A secondary depression is a low that develops within the circulation of a larger depression, the primary low, usually in its southern periphery. Normally only one or two secondaries form around a primary, but on some occasions there can be as many as five or six. A secondary often develops along the trailing cold front of an occluded low, especially where the isobars open out in a way resembling the point at which the primary depression originally formed along the polar front.

Secondaries vary in depth and initially are much shallower than the primary. At this stage they merely circulate anticlockwise around the primary. However, a secondary may deepen enough to be as intense as the primary, and then the circulation becomes more complex. Occasionally, the secondary may become deeper than the primary and the position is reversed, with the primary circulating around the secondary. While deep primary lows only move slowly, shallow secondary depressions initially move quickly – and their formation and movement can present timing problems in forecasting. The weather associated with a secondary can be violent, with strong winds and heavy rainfall. Steep pressure gradients may form on the southern flank of a secondary, and this development can result in exceptionally destructive winds over southern districts of the British Isles.

Families of depressions

Occasionally a series of depressions may form along the polar front to give a spell of unsettled weather over the British Isles. The separate lows in the family may all become quite large depressions. At any one time, those lows in the east are more developed than those in the west, and the track of each succeeding depression is usually to the south of its predecessor. The family ends when the polar air engaged in the cyclonic family finally breaks through into the subtropical high-pressure belt to feed the northeast trade winds. These lows should not be confused with secondary depressions, as each member of the family is a distinct cyclonic system with its own circulation. The average number of depressions in a family is about four.

Non-frontal depressions

There are two main types of non-frontal depressions, orographic lows and instability lows. Orographic depressions form in the lee of hills and mountains when the wind is blowing across the high ground. To compensate a tendency for the compression of air to the windward, rarefaction on the lee side can produce a shallow depression. While orographic cloud and rain may occur over the windward slope, descending air to the lee may prevent any cloud formation in this type of depression. They may occur over eastern parts of the British Isles when westerly winds blow across the Pennines, Welsh mountains and Scottish Highlands. When isobars are drawn every 4 or 5 millibars only a trough may be detected in the pressure pattern, rather than a closed circulation. Lows or troughs caused purely by the orographic effect are usually only shallow features with little or no significant weather.

Non-frontal depressions associated with unstable air that produce bad weather are termed instability lows. There are two subtypes, polar lows and thermal depressions (or heat lows). The former affect the British Isles from the north, the latter from the south.

Polar lows are marked by widespread intense instability that results in deep cumuliform clouds with embedded cumulonimbus cells, heavy rain or showers, and frequently heavy snowfall, and they may be accompanied by thunderstorms. They often form over the North Atlantic near Iceland and move south and southeast to affect the British Isles – normally in winter, when an Arctic or Polar maritime airstream (see below) covers the country. Although their direction of movement is often difficult to forecast, they usually travel within the general air flow, frequently in the direction of the strongest winds in their circulation, and with a maritime track being a favoured path of motion.

Thermal depressions or heat lows are the summer equivalent of polar lows. They are also caused by localised and intense surface heating in a slack pressure gradient. These depressions are usually shallow and do not have any typical weather, but if associated with instability then thundery activity can occur. They often form in slack pressure gradients over mainland Europe when there is strong surface heating during the summer, especially if there is a cooler air current above leading to unstable conditions. They are typically features of a tropical continental airstream. When this airstream flows over the Mediterranean Sea moisture will be picked up and extra heating over the European landmass gives rise to thermal depressions. Although the clouds are often layered, each layer is unstable: altocumulus castellanus clouds commonly form initially in these lows and may give rise to outbreaks of heavy rain. When the instability is fully released, massive cumulonimbus clouds and thunderstorms develop, and these can continue for several hours over affected localities, as the winds are usually light.

Troughs of low pressure

A trough has steady movement usually round a depression. It may be cloudy and produce rain if there is sufficient inflow of air – that is, convergence. Troughs are marked by a sharp bend in the isobars away from the centre of low pressure. Fronts are always marked by troughing but not all troughs contain fronts. If a trough is non-frontal and associated with unstable air, the weather is similar to that of a polar low but along a line instead of over an area.

Anticyclones

An anticyclone, or high, is a pressure system of closed isobars with high pressure at its centre. The term anticyclone was coined by Sir Francis Galton in 1861. If pressure is rising at its centre an anticyclone is said to be intensifying (anticyclogenesis), whereas if pressure is falling it is declining in intensity (anticyclolysis).

An anticyclone is characterised by small horizontal pressure gradients and calm or light winds, especially in the inner part of the system (winds can be stronger in the outer parts). In the northern hemisphere there is a clockwise diverging motion of air in lower layers and an inflow of air in upper layers, especially when intensifying. There is therefore a general subsidence, that is, a gradual sinking and compressing of a large mass of air, causing dynamical warming; this usually occurs in the middle and upper levels of the troposphere, and as a result the temperature of subsided air becomes higher than that of the air below, forming an inversion. Subsidence results in diverging surface air and generally dry weather conditions, since clouds and precipitation require upward motion. Since the centre of an anticyclone is a region of light winds, conditions are favourable for the formation of radiation fog overnight if the air is cloudless. In winter a layer of cloud may form beneath the subsidence inversion giving rise to ‘anticyclonic gloom’; impurities trapped in the lower layer are sometimes dense enough to form a smoke fog.

Anticyclones can be divided into cold and warm types. Cold types can be subdivided into two forms, cold semi-permanent and cold moving. Examples of cold semi-permanent anticyclones include the highs that develop over extensive continental regions such as northern Eurasia and Canada in winter. During this season the earth’s surface in these regions becomes extremely cold and, as a result, the intensely chilled air in contact with the ground becomes very dense and heavy and forms high pressure; surface cooling more than outweighs dynamical warming due to subsidence. These anticyclones are usually shallow in depth; with pressure falling off rapidly with height they are not usually recognisable above about 2 km (6,000-7,000 feet). The weather is very cold, with sub-freezing surface temperatures and fine conditions with little or no precipitation, except when the system is invaded by travelling depressions and fronts. Fog or low cloud may form if sufficient moisture is available.

Cold moving anticyclones develop in northwesterly or westerly airstreams in the rear of depressions. Unlike other types of anticyclones, these have definite movement, travelling in the cold air between members of a family of depressions. Again such systems are usually shallow in depth and often resemble a ridge rather than a closed anticyclone. They give a short spell of fine weather, perhaps lasting 24-36 hours, between the showers of the preceding depression and the rain of the succeeding low. When the polar airstream finally breaks through to lower latitudes, bringing an end to the family of depressions, the final ridge may build into a closed anticyclone of moderate intensity with a tendency to become a quasi-permanent feature. A cold anticyclone can gradually change into a warm type by dynamical warming.

Examples of permanent warm anticyclones include the closed cells of the subtropical high-pressure belt such as the Azores high. They are extensive over subtropical sea areas throughout the year. Because warm air is less dense, pressure falls off more slowly with height in warm air than in cold air. Therefore a warm anticyclone normally extends to great heights in the troposphere, making it more persistent than a cold high. The weather is fine and warm with good visibility, but its air masses may be considerably modified at the surface when moving northward to give low cloud, fog and drizzle. The subtropical Azores high can extend northeast over the British Isles from its home region in summer. The weather will be fine and warm overland in summer, but fog and low cloud can occur at any season, especially over the sea and near coasts – radiation fog and mist particularly in autumn and winter. In summer substantial convective clouds may occur by day, especially if humid air is advected overland from the sea. Long spells of warm settled weather in summer are often associated with warm blocking anticyclones (see below).

Extreme ranges of temperature are often associated with high pressure. For example, anticyclones give warmest days in summer and coldest nights in winter. Anticyclones are usually larger and slower-moving systems than depressions, often just appearing to expand
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