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Weather

A Preamble
The intention of this pamphlet is to build up an overall picture of the causes and implications of features which produce the weather patterns we experience on the British hills. Where possible I will present facts and try to explain them. However, if the explanation does not make sense don’t panic, just try to remember the facts: eventually it should all fall into place. Many of the arguments are greatly simplified and some are virtually mnemonics, but it is the over-view which is important; the details can be filled in later using other texts.

1 High and Low Pressure

The study of the causes of weather is the study of winds and these are a direct result of the existence of areas of high and low pressure. We will begin therefore with a brief look at what causes these pressure differences.

Some basic facts:

a.
Warm air rises. (Air expands when it is warmed, thus it becomes less

dense and floats upwards).

b.
Cold air sinks. (Air contracts when it is cooled, thus it becomes more 

dense and sinks).

c.
Warm air rising leaves behind an area of Low Pressure at ground 

level.

d.
Clod air sinking creates an area of High Pressure at ground level.

Energy for the whole system comes from the sun. We all know that the sun heats the earth in a non uniform fashion. For instance the North and South Poles are cold while around the equator it is much warmer. This gives rise to what I am going to call The First Generator.
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The First Generator
Cold air sinking at the poles creates areas of High Pressure while warm air rising at the equator creates a band of low pressure. 

   Secondary circulation currents are set up. Above is a very simplified representation of some of these.

Second Generator
1.
The oceans of the world remain at a reasonably constant temperature, and  

warming or cooling which does occur takes a long time. (Much of the sunlight

is reflected off the surface and so never even enters the water to heat it. The

heat which is absorbed is quickly dissipated by convection currents within the

water).

2.
Land on the other hand absorbs most of the sunshine which falls on it and 

since only the top few feet are effected, temperature changes are both

considerable and rapid. This gives rise to what I am going to call the Second

Generator.
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The Second Generator
In summer, large landmasses warm up. Air in contact with these rises, leaving behind areas of Low Pressure. In winter large landmasses cool down. Intense cooling of the air over these areas causes it to sink, forming areas of High Pressure.

The Third Generator
Common sense tells us that sinking air can’t sink for ever. When it reaches the ground it spreads out. Similarly rising air does not zoom off into space but eventually spreads outwards at a high level. When these winds ‘bump’ into each other (or converge) more areas of High or Low pressure are created. This I am simplistically going to refer to as the Third Generator.

If we now add in the fact that the earth is rotating, then the picture is somewhat like a large pot of porridge slowly boiling and being slowly stirred!!!

2 From Pressure to Wind
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1. Air moves from an area of high

2. On a stationary flat surface air will

pressure to an area of low pressure.
tend to move radically in towards the

The greater the pressure difference
centre of a low pressure area until it

(or more accurately the pressure

‘fills’.

gradient) the stronger the winds.

From Radial to Circular

Because the earth is both moving and a sphere, the picture is further complicated. However a good analogy exists with water going down the plug hole of a bath. Common sense again tells us that the water is going down the hole but if we view the scene from directly above it appears as if the water were merely rotating around the centre point.
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The direction of rotation is important although the reasons for it are of academic interest to the mountaineer.

The phenomena (known as the Coriolis effect) causes sinking air, as in a High Pressure system, to rotate clockwise, and rising air, as in a Low Pressure system, to rotate anti-clockwise.
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In the northern hemisphere air circulates
Similarly air circulates around a

around an anti-cyclone (or High Pressure
Depression (or Low Pressure area) 

area) in a clockwise direction.


in an anti-clockwise direction. 

From winds to isobars
Many television weather forecasts now have quite detailed maps showing the strength and direction of the wind. If we replace the arrows with continuous lines you can see the strong similarity with a weather map or synoptic chart.
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A map of wind strength and direction.
A weather map or synoptic chart.

The lines in a synoptic chart are called isobars. They connect points of equal pressure and can be thought of much the same as contours on a map. A High pressure to a hill while a Low corresponds to a hole. If the isobars are close together it means the pressure gradient is steep so the winds will be strong. In practice we can almost consider the winds as blowing parallel to the isobars although this is not quite true. Wind actually spirals slightly inwards to a Low and slightly outwards from a High.

Here air is spiralling downwards


Here air is spiralling upwards and

and slightly outwards.



slightly inwards.
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High: winds rotate clockwise.


Low: winds rotate anticlockwise.

Thus just by looking at a weather map we can tell the approximate strength and direction of the winds. This will tell us a lot about the weather and also how it will be changing over the next day or so.

3 Mountains produce rain

Yet more basic facts.

a)
Water vapour can be absorbed in air (in much the same way as sugar can 

be dissolved in tea).

b)
Warm air can absorb more water vapour than cold air (just as hot tea can

absorb more sugar than cold tea).

c)
Air which contains all the water vapour it can is said to be saturated.

d)
Atmospheric Pressure (or air pressure) decreases as you go higher. Thus

as air rises it expands.

e)
A basic law of Physics (Charles Law) states that as a gas expands it cools.
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Moist air reaching a mountain range is forced upwards by the mountains. It cools until it reaches a point where it is saturated. This point is called the Dew point. Above this the air can no longer hold the amount of water vapour it has got so the excess condenses out as cloud. As the air goes higher still more cloud is formed and it starts to rain. (If you like jargon this is called orographic rain). The air flowing off the mountain therefore contains less moisture than the air flowing on to it. We will look later at two ways in which rain can be formed.
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From the previous section we can 

Similarly, rising air, as in a Low

now see that in descending air, as in a

Pressure system, tends to condense

High Pressure system, any cloud


giving overcast or even rainy

would tend to evaporate giving clear

conditions.

conditions.

4 Principles of Source and Track

And still more Basic facts:

a. Air coming from the North is cold.

b. Air coming from South is warm.

c. Air blowing over land becomes dry.

d. Air blowing over the sea becomes wet, and the bigger the sea the wetter

    the air.

e. Air from the land is warm in summer and cold in winter.

These five facts make it possible to predict to a considerable degree the weather which can be expected from a given prevailing wind, e.g. a wind from the south west will be warm because it comes from the south (its source) and wet because it comes over the sea (its track). As we get more subtle in our analysis we can even cope with apparent anomalies like returning polar winds and why easterly winds are wet but not very wet.
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Pages 162-164 of Langmuir classify prevailing winds into 6 apparently arbitrary directions and ascribe characteristics to each. However, it does not make it clear which of the weather conditions described are due to the prevailing air mass and which are due to the ‘weather fronts’ which are included in the diagrams without explanation.

From the synoptic chart above we can see that the air approaching the British Isles will be cold and moist. Moreover, from the section on ‘Mountains produce rain’ we can see that most of the rain will fall on the north of Scotland and North Wales. By the time the air reaches the south most of the moisture has already fallen out as rain and so the south will be comparatively dry.

5 From Polar Front to Occluded Front
An air mass is a body of air several hundred miles across which can be considered as a uniform ‘packet’, having roughly the same temperature and moisture content throughout. Generally one air mass does not like to mix with another; each prefers to remain separate. Therefore, when cold air from the northeast meets warm air coming from the southwest they flow past one another rather than immediately mingling. The interface between the two is called the Polar Front.
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We have already briefly discussed the idea that when two air masses collide further areas of high and low pressure are formed and modified. In fact the Polar Front usually breaks up into a number of low pressure areas. On synoptic charts we can see such ‘families’ of Low or Depressions linked by their ‘associated fronts’.
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A family of depressions with their associated fronts.

If we look in more detail at one such Depression we can see how it develops over a period of days.
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1. Polar Front




2. Wave Depression
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3. Mature Depression


4. Occluded Depression

From Polar to Occulted Depression commonly takes many days. Note the Wedge of warm air (the warm sector) which is bounded by cold air on either side.

As the Polar Front becomes distorted we tend to give different sections of it different names and different symbols on a synoptic chart:-

1.  The Warm Front is the leading edge of the warm air mass (the warm sector).

2.  The Cold Front is the leading edge of the following cold air mass.

3.  The Cold Front moves faster than the Warm Front (for reasons not explained!)

4.  An Occluded Front ids the result of the Cold Front catching up with the Warm       Front. The wedge of warm air still exists but it is now suspended higher in the air.

5.  The symbols for warm or cold front are on the side of the line in which this       particular section of the Polar Front is moving.
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(a) Section through a mature

(b) Section through an Occluded

frontal system.



Front.
Note: angles greatly exaggerated.

Because air in the warm sector is warm it tends to rise up over the cold, thus forming the characteristic cross section. Because it rises it cools. Dew Point is reached and eventually it starts to rain. This gives us ‘frontal’ or cyclonic rain. Most of the rain and cloud occur at the interfaces between the warm moist air and the cold air. I.e. at the warm and cold fronts.

6 Weather Associated with the Passing of a Frontal System
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As time passes, the system will move across the page (or country) from left to right. Thus an observer standing at point X (or on top of a mountain in Snowdonia) will eventually see the whole sequence pass overhead. This process commonly takes many hours. Rain will occur when there is sufficient build up of cloud and occurs usually at the warm and cold fronts.

7 And so Mountain Weather

At last we can now look at how the weather is affected by mountains. Generally the air temperature will be colder, the winds will be stronger and rain heavier. Well, actually its a bit more involved than that so perhaps we can go into this in more detail.

Going higher and getting colder.
We have already discussed the idea that as we go higher it usually gets colder. Once more the reasons are complex and largely unimportant to us. However, the rate at which this cooling happens remains fairly constant. It is called the Lapse Rate and depends on how moist the air is. We will look at the two extreme situations.

a) If the air is dry (i.e. the weather is warm and sunny) then the Lapse rate is 1 C

    for every 100m of height gain. Thus if we go up 600m we can expect the 

    temperablely to drop by 6 C. Similarly if sea level temperablely is 9 C then 

    freezing level will be around 900m (2,800').

b) If the air is wet or saturated (i.e. low cloud and possibly even raining) then the 

    Lapse rate is   C for every 100m height gain. Thus if we go up 600m we can 

    expect the temperablely to drop by only 3 C, and if the sea level temperablely is 9 

    C then freezing level will be around 1800m (over 5,500'). So why are the two 

    different? Well, saturated air turning into cloud gives off heat. This paretically      

    offsets the cooling tendency.

c) In practice you could use the Average Lapse Rate at 2/3˚C for every 100m of 

    Height gain, but the sums are harder!
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Dry Lapse Rate 1˚C = 100m

   Wet Lapse Rate   .5˚C= 100m

Going higher and getting windier
There are no consistent equivalents to a lapse rate for winds. The picture is more complex but wind speeds two or three times greater than sea level will be common on the high British summits.

Somehow the wind has to get around or over the obstructing mountain or mountain range. It can be squeezed over the top or through passes resulting in an acceleration of the wind, and this in turn produces eddy currents and apparent contradictions in the wind’s direction.

8 Lightning

This is not generally a common problem on our hills but it ties in nicely with the third type of rain which is called convective.

Those great towering pillars of cloud we sometimes see are called cumulonimbus and are associated with thundery weather. Powerful convection currents are at work within these unstable clouds. Moisture is sucked upwards within the cloud, cools , condenses and then descends before being sucked up again. Rain drops can grow to a very large size before their weight becomes too much for the currents to lift and they fall out of the cloud. Frozen rain drops (hail) can similarly grow in size with repeated circuits. High air temperatures can feed these powerful convection currents and so thunder is often associated with hot summer weather.

All of this motion causes a great deal of static electricity to be created by ‘friction’ within the cloud. A sudden discharge of this electrical charge is what we call lightening and the associated bang or rumble is thunder.

9 Sources of Weather Information

Television
A great variety of qualities exists. Some of the Farmer’s Weather forecasts are very good indeed, whilst the little ‘pictures and diagrams’ types can be very confusing.

Radio
Generally better than television forecasts, but again not all are detailed enough for you to interpret for mountain conditions. The shipping forecasts (Radio 4,) gives a very accurate forecast but it can be difficult to follow. Listen out for the ‘general synoptic situation’ at the end of each hour or after the shipping forecast, and for shipping areas ‘Lundy, Fastnet, Irish sea’ for the Lake District or North Wales, and ‘Malin’ for the west coast of Scotland. Most of the other detailed information can be ignored.

Newspapers
The Guardian, the Independent, the Scotsman and the Glasgow Herald all have very good synoptic charts with explanations. Be careful whether the chart is a ‘prediction’ for mid-day today, or the actual situation at mid-day yesterday!

The Internet

The amount of information available is immense with up to the minute satellite pictures synoptic charts reading form weather stations etc.  The only drawback is finding the information, here is some addresses to get you started:

Telephone
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Mountain weather information now exists for all mountain regions in Britain. The drawback is that it is part of the 0898 system and therefore costs a fortune. 

One of the many phone / fax services available.

Local Sources
National Parks, local ‘mountaineering’ cafes etc. often post a daily forecast.

Whatever source you use, make sure you get a forecast before you go out!

10 How to read a Weather Map

Interpreting a weather chart looks tricky, but is
really quite straightforward. The most important thing to remember is that it summarises the movement and distribution of hot and cold air, as well as the presence or absence of rain and cloud.

The principle points of reference are the isobars. These continuous lines, or contours, join up points of equal air pressure and are measured in millibars.

A region of low






   An anticyclone is 

pressure denotes






   a region of high
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unsettled weather and





   atmospheric 

tightly-packed isobars





   pressure assoc-

indicate strong winds.





   ated with fine

   weather.

A frontal system brings with it cloudy weather, resulting in rain or 

Snowfall.

High pressure is generally associated with areas over 1,000 millibars and indicates dry, settled weather with clear skies; low pressure is an indication of cloud and rain.

Often isobars from a distinctive thumbprint pattern with low pressure at the centre. This is a depression, or cyclone, and is associated with strong winds and rain, or snow in winter. Winds blow anticlockwise in low pressure areas, their strength being depicted by the distance between isobars. Close together means strong; wide apart, lighter breezes.

On the other hand, anticyclones occur where the air pressure increases towards the centre of the contour pattern. This brings dry, settled weather. However, there are important corollaries to these rules. In winter, for instance, the light, clockwise winds and clear skies associated with anticyclones can often bring frost and fog.

The other main areas to watch are the fronts where the streams of warm and cold air, moving round high and low pressure areas meet. Fronts are drawn as heavy black lines with round and triangular symbols pointing in the direction of the front’s movement. Because they are zones where opposing wind directions and temperatures meet, conditions around fronts are frequently unstable.

As a warm front approaches, it brings clouds and a 100 to 200-mile-wide band of rain - or snow in winter is likely to follow. Cold fronts bring a narrower belt of rain, often heavy at first and trailed by lighter showers. Clear, bright weather usually follows close behind a cold front.

Fronts vary a lot in their effect. Weak fronts bring a little cloud and rain; the strong ones spectacular thunderstorms. As Francis Bacon noted in the sixteenth century, ‘every wind has its weather’.
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4 February (above left): Shows a 

the centre of the depression, a measure of 

deepening depression approaching
the strength of the winds. 1 Apirl (above 

Britain from mid Atlantic at 60 mph
right): Shows a ridge of high pressure

ushering in the hurricane-force storm
(anticyclone) over Eastern Europe

of 5 to 6 February. Note the tight

bringing the sun to Britain.

pattern of isobars around

Reading a weather map
It is not intended that you should be able to accurately forecast the weather just by looking at a weather map. However, having a basic understanding of these ‘synoptic charts’ will help you to visualise what is going on, and hopefully remember the details more easily.

The basic weather pattern can be deducted by going through the following questions. Details can the be obtained from the written forecast, converted to the appropriate mountain setting, and inserted into your overall weather expectations for the day.

The Key Questions
1. Does the wind come from the north or south?

2. Does it blow over land or sea?

3. Are the isobars close together?

4. Are there any fronts?

5. Are we under the influence of a High or Low Pressure system?
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