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Weather 

Basics 

Unit 1 
The basics about weather, pressure systems and 
fronts 

Changes in our climate are difficult to observe as it is a long term process, which 
lasts over the span of a lifetime or even generations. An unusually rainy, cool 
spring or a heat wave in summer does not mean that the climate is changing. 
What we observe everyday are weather phenomena. 
  
The weather is observed world-
wide in a dense network of 
meteorological stations. If 
average weather data change 
over decades we call this a 
climate change. In this unit we 
have a look at weather 
parameters. An important one is 
the pressure, as the sequence of 
high and low pressure systems 
has a strong influence on our 
weather. We explain how these 
pressure systems form, how 
fronts are generated and the type 
of weather they ususally cause. 

  

 
1. Weather indicator 

 optikerteam.de © 
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Part 1: Weather and climate 
 
What is weather?  
Its definition and how it is different to climate 
Weather is the instantaneous state of the 
atmosphere, or the sequence of the 
states of the atmosphere as time 
passes. The behaviour of the atmosphere 
at a given place can be described 
by a number of different variables which 
characterise the physical state of the air, 
such as its temperature, pressure, water 
content, motion, etc.  
 
There isn't a generally accepted definition 
of climate.  Climate is usually defined as 
all the states of the atmosphere seen at a
place over many years.  The time period 
is not given but it should be 'sufficiently 
long'.  This means we can  choose the 
time period we look at.  As a 
result, climate doesn't have a very 
scientific definition. 

  

 
1 . Source: FreeStockPhotos. 

 
 
2 . Source: FreeStockPhotos . 

 
 
3 . Source: freeimages.co.uk 

Since weather is the sequence of the states of the atmosphere, it is tempting to 
define a "true" climate in terms of a limit as time approaches infinity, i.e. it the 
the total ensemble of all the states of the atmosphere which have ever occurred 
in the past.   This is not only practically impossible but would not let us 
investigate how climate has changed over time. 
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4 .  Source: NatureWallpaper.net 

The internationally accepted 
convention, as recommended 
by the World Meteorological 
Organization (WMO), is that a 
30-year period  is a basic 
climatic time scale.  Climate 
statistics are, 
therefore, calculated for the 
consecutive 30-year time 
periods 1901-1930, 1931-
1960 and 1961-90.  These 
periods are known as 
climatological standard 
normals.  

  

 
5 .  Source: www.edenpics.com 

Because the climate is 
changing rapidly nowadays, 
climate characteristics are 
sometimes re-calculated every 
10 years for the period of the 
recent 30 years, i.e. 1961 - 
1990, 1971 - 2000, ... 
although the next official 
period would be 1991 - 2020. 
These fixed time intervals 
allow world-wide comparison 
of climatological events.  For 
special purposes, however, 
other climatic time scales are 
sometimes used. 

 
6 .  Source: Christoph Grandt's Homepage. 

For example, the suitable 
climatic time scales to 
investigate the cultivation of a 
new plant or to look at glacial 
chronography are completely 
different.  This means 
that the length of the 
meteorological time series we 
use to determine the climatic 
characteristics is always 
determined by the question we
are trying to answer. 
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How do we measure meteorological 
variables?  

Meteorological variables change not only over time,
but also in space. Therefore a single 
measurement site (station) only records the 
weather in that particular location.  To determine 
the weather over a large area, weather stations are
organised in networks.  The density of the weather 
stations in a particular network depends on: 

• the purpose of the observations  (weather 
conditions or climate)  

• the weather elements to be measured 
(many more stations are needed to get 
good rainfall data than for the air pressure)  

• other, non meteorological reasons (cost, 
high mountains, etc.). 

To ensure that the observations at each station can 
be compared to each other, the instruments must 
be located away from the immediate influence of 
trees and buildings, steep slopes, cliffs or hollows. 
A climatological station should be located at a place
which provides unchanged exposure over a long 
period and continued operation for at least ten 
years. 
 

 
7. A Stevenson screen.  This 
houses maximum and minimum 
and dry and wet bulb 
thermometers.  Source: Samoa 

eteorology Division. M 

 
8. An automatic weather 
station.  This station is 
equipped with a solar panel and 
records temperature, water 
vapour, wind direction, wind 
speed and air pressure. The 
data are transferred by 
satellite. Other measurement 
equipment at the station 
provides local weather 
information for local aviation.  
Source: AWI. 

   

These surface measurement networks provide so 
called 'in situ' measurement data.  71% of the 
Earth's surface is covered by oceans and large parts 
of the continents are covered by rainforests, ice, 
deserts and high mountains which make regular 
surface observations difficult.  To overcome this 
problem, remote sensing techniques are now used 
which involve measurements of meteorological 
variables from space using instruments aboard 
satellites and using radar. 

Although the number of people observing the 
weather is falling, the number of automated weather 
stations (AWS) are increasing.  These use 
technological advances to measure meteorological 
variables over short time intervals (the usual 
measurement frequency at an AWS is seconds to 
minutes, compared to hourly for a manual station).  
As a result, we now have much more data available 
both for weather forecasting and for climate 
observation.  However, measurement techniques 
have changed and, in many cases, we no 
longer measure the same meteorological parameters 
as in the past (for example the sunshine duration). 
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Part 2: Pressure systems 
 
High Pressure Systems,  
Low Pressure Systems  
Air always flows from areas of high 
pressure to areas of low pressure 
to try to reduce pressure 
differences and reach equilibrium.  
The rotation of the Earth generates 
a force known as the Coriolis 
effect and this stops the air moving
in a straight line.  Rather the winds 
move in a spiral: inwards and 
upwards in low pressure systems, 
downwards and outwards in high 
pressure systems.  

 
 
 
  

 
1. Eye of the Storm, Hurricane Elena  

 Dreamtime, NASA's Multimedia Partner © 

 
2. In cyclones, the winds move anti-clockwise 
around a low pressure centre in the northern 
hemisphere. In the southern hemisphere the wind 
direction is reversed.  Figure: 
olvooceanadventure © v 

Low pressure systems – Cyclones 

Regions of rising air are called lows, 
low pressure systems, depressions or 
cyclones.  These are systems of 
closed isobars (lines of constant 
pressure) surrounding a region of 
relatively low pressure.  Cloudy 
conditions, windy weather, rain 
and snow and unsettled changable 
weather often occur in these regions. 
 
A low pressure system develops when 
relatively warm and moist air rises 
from the surface of the Earth.  Air 
near the centre of a low pressure 
system is unstable.  As the warm 
humid air spirals upwards, it cools 
and clouds form.  These may be thick 
enough to give rain or snow.   
In these low pressure systems the air 
spirals inwards at the Earth’s surface. 
If the pressure is very low, these 
spiralling winds may reach storm or 
hurricane force. This is why the term 
cyclone is often loosely applied to 
storms generated by low pressure 
systems. 
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Tropical and midlatitude cyclones

There are two types of cyclones,  they develop in different ways and 
have different structures.  

 Tropical cyclones 
 

 
 
Tropical cyclones develop over the ocean 
in warm and moist tropical air masses at 
latitudes between 20o and 25o north or 
south of the equator.  They are 
characterised by very low air pressure 
at their centre and are small in size, just 
100 to 1500 km in diameter.  This 
means that there is a very strong 
pressure gradient across the cyclone and 
this can lead to very strong hurricane 
strength winds.   

Wind speeds in hurricanes are over 33 m 
s-1 (120 km h-1), with a record of 104 m 
s-1 during hurricane Allen in 1980, that's 
a wind speed of 375 km h-1! 

Tropical cyclones gain their energy from 
the latent heat of evaporation of water 
from the ocean.  They therefore 
gradually dissipate when they move 
cross land and lose their energy source.a   

 
 
3. left: Tropical cyclone Graham in the Pacific 
Ocean.  Source: www.gowilmington.com 

4. right: NOAA satellite imagery showing 
strong Tropical Cyclone 03A moving 
northeast across the Arabian Sea toward 
landfall in northwest India.  source: 
weather.ou.edu 

 

   

Please read also about tropical cyclones, hurricanes and expectations for the 
future in the ACCENT school magazine: special edition on hurricanes
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Midlatitude cyclones 
 

 
 
5. left: The way weather 
fronts develop around a low 
pressure system. 
 
6. right: The development of 
midlatitude cyclones north of 
the Equator (top) and south 
of the Equator (bottom). 
 
Source: volvooceanadventure
© 
 
  

 
 
Midlatitude cyclones are powered by large 
temperature differences in the atmosphere.  
They develop when air masses of different 
temperatures meet.  The air masses do not 
mix together, rather the warmer air is forced 
up over the colder air.  This causes a front to 
form (see also chapter 3). 

Midlatitude cyclones are much larger than 
tropical cyclones.  They have diameters of 
between 1000 and 4000 km and they also 
have lower wind speeds.   

The maximum wind speed in a midlatitude 
cyclone is around 30 m s-1 (110 km h-1). 

   
High pressure systems - 
anticyclones 

Regions of sinking air are called highs, 
high pressure regions or anticyclones. 
They are usually accompanied by 
constant, good or fair weather.   High 
pressure systems tend to cover a 
greater area than lows, they move 
more slowly and have a longer 
atmospheric lifetime. 
Anticyclones are produced by a large 
mass of descending air.  As the air 
sinks, it warms up, the atmospheric 
pressure increases and the relative 
humidity decreases.  This causes water 
droplets in the air to evaporate and 
leads to dry weather.  

  
7. In anticyclones the winds move clockwise 
around a high pressure centre in the northern 
hemisphere. In the southern hemisphere the 
wind direction is reversed (see Figure 2).  
Source: www.geologia.com 
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The warm, sinking air makes the 
atmosphere stable, so warm air at the 
surface of the Earth cannot rise far 
before it stops.  This prevents tall clouds 
from forming.  For this reason 
anticyclones usually lead to warm, dry 
weather and cloudless skies in the 
summer and cold, dry weather in the 
winter.  These conditions usually lasts for 
several days or even weeks.  

Anticyclones are much larger than 
cyclones and may block the path of 
depressions.   This slows down the arrival 
of bad weather or forces it to travel 
elsewhere.   An anticyclone that persists 
for a long period is known as a 'blocking 
high' and these lead to long hot 
spells and even droughts during the 
summer and extremely cold winters. 

 
8. Anticyclone conditions over France and 
much of western Europe.  The skies are 
cloudless and the weather is fair.  Source: 
Passion Meteo, photograph taken from space 
y a NOAA satellite. b 

 
Part 3: Fronts 
 
A weather front is defined as the boundary between two airmasses of 
different temperatures and densities.   When two airmasses meet, the 
warmer air rises above the cooler denser air.  The transition region 
between the two airmasses is known as a front.
Weather fronts generally travel from west to east.  Their direction can, 
however, be affected by geographic features such as mountains and large bodies 
of water, particularly if they form in the lower levels of the atmosphere. 
Fronts are always 
accompanied by 
clouds and, very often, 
also by rain.  When a 
weather front passes over 
an area, changes in wind 
speed and direction, 
atmospheric pressure and 
the moisture content of 
the air are also seen.   

There are four types of 
fronts: cold fronts, warm 
fronts, occluded fronts and
stationary fronts. The type 
of front depends 
both on the direction in 
which the airmass is 
moving and on the 
characteristics of the 
airmass. 

  
1. Front over the Findon coast.  Source:  
ttp://www.abdn.ac.uk/physics/meteo/metoh12_files/frame.htmh 
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Cold fronts 

Cold fronts occur when a colder air mass replaces a warmer one.  At a cold front, 
the cold air is behind the warm air.  Because the cold air is more dense, it pushes 
the warm air out of its way, forcing the warm air to rise into the atmosphere. 

  
2. A cold front. 
http://www.ckkc.co.uk/html/stories/metrolgy.html

   

As the warm air rises, it cools, the 
water vapour in the air condenses out 
and clouds start to form.  The warm 
air is forced to rise rapidly due to 
strong undercutting by the cold air.  
This causes towering clouds to form 
and thunderstorms.  Rain associated 
with cold fronts is usually heavy but 
short lived and only affects a 
small distance (about 50 to 70 km).    
The air behind a cold front is 
noticeably colder and drier than the 
air ahead of it. When the cold front 
passes through, temperatures can 
drop more than 15 oC within the first 
hour. 

3. Image right:  A cold front is represented by a solid blue line 
with triangles along the front pointing towards the warmer air 
and in the direction of movement (temperature is given 
in Fahrenheit in the figure.)   Source: University of Illinois 
http://ww2010.atmos.uiuc.edu/(Gh)/home.rxml 

 
  

Warm fronts 

Warm fronts occur when a warm air mass approaches a colder one. The warmer 
air lifts up and over the colder air.  Warm fronts generally move more slowly than 
cold fronts, gently settling over the cold air and moving it out of the way.  Rain 
associated with warm fronts is less heavy but more extensive (300 to 400 km) 
than rain generated at cold fronts. 
  

  
4. A warm front. 
ttp://www.ckkc.co.uk/html/stories/metrolgy.htmlh 

The air behind a warm front is 
warmer and more moist than the air 
ahead of it. Warm fronts generate 
light rain or snow which can last from 
a few hours to several days. When a 
warm front passes through, the air 
becomes noticeably warmer and more 
humid than it was before. 

  
The first signs of the warm front are the cirrus clouds, followed by the cirrostratus,
altostratus, nimbostratus and stratocumulus types of clouds.  The cirrus clouds 
can be up to 1000 km away from the position of the front at the ground.  These 
clouds are all generally horizontal in structure because the front slopes gently into 
the air.  Clouds associated with cold fronts are mostly vertical in structure because
the front rises quickly. 

ESPERE Climate Encyclopaedia – www.espere.net - Weather Basics - page 9 
  English offline version  
supported by the International Max Planck Research School on Atmospheric Chemistry and Physics  

 



 

5. Radar image of warm front clouds.  Source: 
http://www.abdn.ac.uk/physics/meteo/metoh12_files/frame.htm. 
 
6. Picture on the left:  A warm front is represented by a 
solid red line with semicircles pointing towards the 
colder air and in the direction of movement  
(temperature is given in Fahrenheit on the figure.) 

Source: University of Illinois 
http://ww2010.atmos.uiuc.edu/(Gh)/home.rxml
 
  

 

 
Occluded front 

Occluded fronts occur when cold, warm and cool air come together. There are two
main types, cold and warm occluded fronts.  The difference depends on the 
relative states of the cold airmasses behind and in front of the warm air.   
Cold occluded fronts occur when a very cold front overtakes a warm front.  The 
cold front lifts the warm front up in to the air (both the warm air above and the 
cold air underneath) and the cold front creeps underneath. At the beginning the 
weather is similar to that seen when a warm front passes, but it then changes 
into typical cold front weather and heavy rain falls.   
  
Warm occluded fronts occur when a cold front overtakes a warm front 
overlying a very cold front.  Here the cold front and the warm front both move up 
and over the very cold front which stays close to the ground.  The weather is 
similar to that when a warm front passes. 

Stationary fronts form at the boundary between warm and cold air when 
neither airmass is moving forward.  They have similar characteristics to warm 
fronts but are less active. 

 
8. A cold occluded front. 

Image: Elmar Uherek. 
 

   

 
9. A warm occluded front. 
Image: Elmar Uherek. 
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Weather

Basics 

 

Unit 2 
The basics about the main circulation systems 
and El Niño 

Wind power plants, or 'Wind Farms', are, for good reasons, often located close 
to the sea. When at the seaside we have all felt the seabreeze blowing around 
our nose and disheveling our hair. But why is the wind at the seaside always so 
strong? And why there are so often thunderstorms in the mountains on summer 
afternoons? 
  
Local air circulation and pressure systems 
define the weather depending on the 
landscape. However, prevailing wind 
systems, such as the trade winds around 
the equator, affect the weather over a 
much larger area. The El Niño effect has 
an impact on many continents and recurs 
every few years but irregularly. In this 
unit we read about air circulation 
and where and why it occurs on our 
planet. 

  

  

 

 
"Seabreeze" 
Giclee on canvas © Gary George 

ww.garygeorge.com w 
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Part 1: Local circulation 

Why does air circulate and what are the driving forces for this 
movement? 
Energy from the Sun heats different parts of the 
Earth differently and this causes pressure 
differences to develop across the globe.  These 
pressure differences cause air to move.  The air 
moves from regions of high pressure to regions 
of low pressure to try to smooth out the pressure 
differences.    Air movement occurs on different 
scales, on a global scale (global circulation of the 
Earth), over a medium scale (tornadoes) and on 
a local scale (mountain winds).   

In some zones around the Earth, the winds blow 
predominantly in one direction and this is known 
as the prevailing wind direction.  This direction 
can change with the seasons.  Winds over most 
areas are variable in direction from day to 
day.   A wind is named according to the point of 
the compass from which it blows, i.e., a wind 
blowing from the north is a north wind. 

  

 
1 . Windmill (c) FreeFoto.com 

  

Energy from the Sun is the most important driving force for winds but there 
are other forces, which are also important: 

  
1. Pressure Gradient Force (PGF) 

                  - this causes horizontal pressure differences and winds.  

 
  

 
2. In absence of other forces, air moves from 
high to low pressure due to the "Pressure 
Gradient Force"  

We know that winds are 
generated by differences in air 
pressure.  The greater the 
difference in pressure, the 
stronger the force.  The distance 
between the area of high pressure
and the area of low pressure also 
determines how fast the moving 
air is accelerated. Meteorologists 
refer to the force that starts the 
wind flowing as the "pressure 
gradient force".  
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2. Gravity 
           — this causes vertical pressure differences.  The force of gravity is 
constant for a given altitude. 

 
3. Coriolis Force 
            — once the wind begins blowing, the rotation of the Earth affects its 
direction. This is the Coriolis effect. 

  

 
 

3. Figure by Schlanger ©  

 
 
  

 
The Corolis effect results in the deflection of all objects to the right in the Northern 
hemisphere and to the left in the Southern hemisphere. The Coriolis force moves large 
objects such as airmasses considerable distances.   Small objects, for example ships at sea, 
are too small to experience significant deflections in their direction due to the Coriolis Force. 

 
4. Friction  
           — this has very little effect on air in the atmosphere, but is more 
important close to the ground. The effect of friction on air motion decreases as 
the altitude increases to a point (usually 1-2 km above the ground) where it has 
no effect at all.  The layer of the atmosphere where friction affects atmospheric 
motion is referred to as the boundary layer. 
 
5. Centrifugal Force 
         — An object traveling in a circle behaves as if it experiences an outward 
force. This force, known as the centrifugal force, depends on the mass of the 
object (the heavier the object, the greater the force), the speed of rotation (the 
greater the speed of the object, the greater the force), and the distance from the 
center (the closer an object is to the center, the smaller the force).   
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4.  We experience centrifugal force when we 
ride on a merry-go-round, when we go 
round a curve in a car or when we make 
a sharp turn on a bike.  

Photo by Patricia Marroquin 
© http://www.betterphoto.com/gallery/ 
dynoGallByMember.asp?mem=2083 

  

Land and Sea Breezes 

Water has a much greater heat capacity than land and, as a result, it warms up 
slower than the land and also cools down slower.   So during the day, there are 
significant temperature differences between a water body such as a lake or the 
sea and the surrounding ground.   This temperature difference causes pressure 
differences and, as a result, the development of local winds.  Close to the coast, 
these winds are known as the sea breeze. 
  

 
5 . Source: http://www.ace.mmu.ac.uk/eae/ © 

A sea breeze 
develops 
on sunny days 
when the land 
becomes much 
warmer than 
the sea.  As 
the land 
warms up, the 
air above it 
expands and 
begins to rise. 
To replace the 
rising air, 
cooler air is 
drawn in from 
above the sea 
surface.  

  

 
6. Source:  http://www.ace.mmu.ac.uk/eae/ 

   

At night the 
water cools 
down slower 
than the land 
and the air 
circulation 
reverses and 
air moves from
the land to the 
sea.  This is 
called a land 
breeze.  
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Mountain and Valley Breezes 

Special wind systems develop in mountainous regions. The slopes of the 
mountains and the narrow parts of the valley are more intensively heated by the 
Sun than the open valley floor. This leads to the generation of valley breezes 
during the day and mountain breezes during the night.  
  

 
7. a) During the day the air close to the 
mountain sides becomes warmer than the 
surrounding air.  This warm air rises up 
the mountains and is replaced by air from 
within the valley.  So during the day valley air 
moves up the mountain sides.  This process 
leads to clouds and rain in the mountains in the 
summer, particularly in the late afternoon.  
Figure: Vera Schlanger. 

   

 
7. b) At night the sides of the mountain cool 
down and cool air is pulled down by gravity.  In 
the morning, the coldest air is, therefore, 
often found within the valley. If the air is moist 
enough, valley fog may form.  Figure by Vera 
chlanger. S 

 
8. Simple slopewind circulation © Dept. for phys.
eography, Univ. of Kiel g 

So slope winds go up the mountains in 
the day and down during the night and 
the moving air has to be replaced with 
air from elsewhere.  A simplified 
picture of the air circulation is shown in
Figure 8.  However, this slopewind 
circulation is only seen for a short time 
during the day.  The air circulation in a 
typical valley is a bit more complicated 
than this! 

  
The narrower the valley is, the more air that rises.  This rising air is replaced from
the valley floor or the plains.  So the wind during the day usually comes from the 
lower and flatter parts of the valley system and then rises up the mountains.  As 
the name of the wind is always given by the place or direction from where it 
comes from, we call this wind the valley breeze.  During the night, the air cools 
and descends along the mountain slopes into the valley.  So the breeze moves in 
the opposite direction, it comes from the mountains and moves into the valley 
floor and plains.  As a result, this wind is known as the mountain breeze. 
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9. a) Valley breeze during the day (large dotted 
arrow).  Photo: Elmar Uherek. 

   

 
9. b) Mountain breeze during the night (large 
dotted arrow).  Virgen Valley, Austria. 

   

  
10. Local circulation during a valley breeze. 

This local circulation scheme is a bit simplistic as mountains are not smooth and 
have many side valleys. However, this gives a basic idea of the wind movement 
in a mountainous area. 
  
 
 
Part 2: Global Circulation 
 
Global Atmospheric Circulation 

Energy from the Sun heats the entire Earth, but this heat is unevenly 
distributed across the Earth's surface. Equatorial and tropical regions 
receive far more solar energy than the midlatitudes and the polar 
regions. 
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The tropics receive more heat 
radiation than they emit, while 
the polar regions emit more heat 
radiation than they receive. If no 
heat was transferred from 
the tropics to the polar regions, the 
tropics would get hotter and hotter 
while the poles would get colder and 
colder. This latitudinal heat 
imbalance drives the circulation of 
the atmosphere and oceans.  Around 
60% of the heat energy is 
redistributed around the planet 
by the atmospheric circulation and 
around 40% is redistributed by 
the ocean currents. 

  
 
1. Planet Earth from Space. 

   
 
Atmospheric Circulation 

One way to transfer heat from the equator to the poles would be to have a single 
circulation cell where air moved from the tropics to the poles and 
back.  This single-cell circulation model was first proposed by Hadley in the 
1700’s. 

 
  

 
3. Hypothetical circulation for a 
non-rotating Earth.  
Source: National Weather Service, 
Southern Regional Headquarters - 
USA. 

   

2. Air circulation around the globe would be simple (and the weather boring) if the Earth did 
not rotate and the rotation was not tilted relative to the Sun. 
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Since the Earth rotates, its axis is tilted and there is more land in the Northern 
Hemisphere than in the Southern Hemisphere, the actual global air circulation 
pattern is much more complicated. Instead of a single-cell circulation, the 
global model consists of three circulation cells in each hemisphere. These three 
cells are known as the tropical cell (also called the Hadley cell), the midlatitude 
cell and the polar cell. 
 

  
4. Rotating Earth 
source: http://www.math.montana.edu/~nmp/ 

aterials/ess/atmosphere/expert/activities/circulation/m 
 
5. Idealised global circulation.  
Source: National Weather 
Service, Southern Regional 

eadquarters - USA. H 
 
1. Tropical cell (Hadley cell) - Low latitude air moves towards the Equator and heats up.  As it
heats it rises vertically and moves polewards in the upper atmosphere. This forms a 
convection cell that dominates tropical and sub-tropical climates.  
2. Midlatitude cell (Ferrel cell) - A mid-latitude mean atmospheric circulation cell for weather 
named by Ferrel in the 19th century. In this cell the air flows polewards and towards the east 
near the surface and equatorward and in a westerly direction at higher levels.  
3. Polar cell - Here air rises, spreads out and travels toward the poles. Once over the poles, 
the air sinks forming the polar highs. At the surface, the air spreads out from the polar highs. 
Surface winds in the polar cell are easterly (polar easterlies).  

Although still oversimplified, this three cell model can describe the main features 
of atmospheric circulation. 
  
Surface Features of the Global 
Atmospheric Circulation System 

Main wind belts: 
Because the Coriolis force acts to the right of the flow 
(in the Northern Hemisphere), the flow around the 3-
cells is deflected.  This gives rise to the three main wind 
belts in each hemisphere at the surface: 
· The easterly trade winds in the tropics 
· The prevailing westerlies 
· The polar easterlies 

Doldrums, ITCZ: 
The doldrums are the region near the equator where 
the trade winds from each hemisphere meet. This is 
also where you find the intertropical convergence zone 
(ITCZ).  It is characterized by hot, humid weather with 
light winds.  Major tropical rain forests are found in this 
zone. The ITCZ migrates north in January and south in 
July. 

Horse latitudes: 
The horse latitudes are the region between the trade 
winds and the prevailing westerlies.  In this region the 
winds are often light or calm, and were so-named 
because ships would often have to throw their horses 
overboard due to lack of feed and water. 

  
6. Global Circulation.  Source: 
http://www.geocities.com 
/CapeCanaveral/Hall/6104/atmosphe.html
  

ESPERE Climate Encyclopaedia – www.espere.net - Weather Basics - page 8 
  English offline version  
supported by the International Max Planck Research School on Atmospheric Chemistry and Physics  

 



Polar font: 
The polar front lies between the polar easterlies and the 
prevailing westerlies. 

  
Pressure belts: 
The three-cell circulation model has the following pressure belts associated with it: 
· Equatorial low – A region of low pressure associated with the rising air in the ITCZ.  Warm air heated 
at the equator rises up into the atmosphere leaving a low pressure area underneath.  As the air rises, 
clouds and rain form. 
· Subtropical high – A region of high pressure associated with sinking air in the horse latitudes.  Air 
cools and descends in the subtropics creating areas of high pressure with associated clear skies and 
low rainfall.  The descending air is warm and dry and deserts form in these regions. 
· Subpolar low – A region of low pressure associated with the polar front. 
· Polar high – A high pressure region associated with the cold, dense air of the polar regions. 

In reality, the winds are not steady and the pressure belts are not continuous. 
  

 
 

7. "Ideal" Zonal Pressure Belts 
An imaginary uniform Earth with idealised zonal 

(continuous) pressure belts. 

  

8. Actual Zonal Pressure Belts 
Large landmasses disrupt the zonal pattern 

breaking up the pressure zones into 
semipermanent high and low pressure belts. 

  
There are three main reasons for this: 
· The surface of the Earth is not uniform or smooth.  There is uneven heating due 
to land/water contrasts. 
· The wind flow itself can become unstable and generate “eddies.” 
· The sun doesn’t remain over the equator, but moves from 23.5 oN to 23.5 oS 
and back over the course of a year. 

Instead, there are semi-permanent high- and low-pressure systems.  They are 
semi-permanent because they vary in strength or position throughout the year. 

Wintertime 
· Polar highs develop over Siberia and Canada 
· The Pacific High, Azores High (parts of the subtropical high pressure system) Aleutian Low 
and Icelandic Low form 
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Summertime 
· The Azores high migrates westward and intensifies to become the Bermuda High 
· The Pacific high also moves westward and intensifies 
· Polar highs are replaced by low pressure 
· A low pressure region forms over southern Asia 

 
 
Part 3: El Niño 
 
El Niño, La Niña, global impacts 

El Niño 

El Niño is a large-scale ocean-atmosphere climate phenomenon in the 
tropical Pacific.  It represents the warm phase of the periodic warming of 
the sea-surface. It typically appears around Christmas time (and this 
is why it is called El Niño, as this is Spanish for the 'Christ Child').  It can 
last for up to a year. 
  
El Niño affecting the world 
... 

1. Flood in San Francisco. During the 
winter of 1997/98, wind-driven waves 
and abnormally high sea levels 
significantly contributed to hundreds 
of millions of dollars in flood and 
storm damage in the San Francisco 
Bay region. Recent analyses by U.S. 
Geological Survey (USGS) scientists 
of nearly 100 years of sea-level 
records collected near the Golden 
Gate Bridge found that these 
abnormally high sea levels were the 
direct result of that year’s El Niño 
atmospheric phenomenon. 
from: USGS Fact Sheet 

  

 
  

 
2 . Flood in Lima. © Reuters 

2. More than 35,000 people have been evacuated and nearly 
7,000 people remain isolated by the flooding of the Paraguay 
river. Abnormally heavy rains associated with the El Nio 
phenomenon have caused flooding affecting 60,000 people in 
Paraguay's capital , Asuncion, and the provinces of 
Concepcion, Alberdi, San Pedro, Presidente Hayes and Alto 
Paraguay. 
from: UNDP Desaster Protection, 1998 Jan, 8th 

LIMA, 2002 May 9 (AlertNet) - In April, the normally calm 
Piura River turned overnight into a raging torrent. More than 
3,500 families in northern Peru escaped but lost their homes 
and livelihoods. Scientists disagreed over whether the 
dramatic weather was connected to the climate phenomenon 
El Niño, due to make a reappearance this year. 
from: Reuters alert net 
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The warm ocean current which flows during El 
Niño influences the weather around the 
globe. El Niño events cause increased rainfall, 
flooding and storms, but also drought and 
sometimes devastating fires.  

What drives El Niño? 

During non-El Niño conditions, the sea surface 
temperature (SST) in the tropical 
Pacific is between 6 and 8 oC higher in the 
west than in the east. This temperature 
difference is caused mainly by the easterly 
trade winds.  These blow warm surface water 
across the tropical Pacific from east to west.  
The surface water gets progressively warmer 
as it moves west because it is exposed to 
longer solar heating. 
  
  

 
3. The picture does not show the ocean 
temperature but rather shows how 
much  warmer (in red) or how much 
cooler (in blue) the sea is during El Niño
compared to its normal state.  West of 
South America in front of the Peruvian 
coast, the water is a lot warmer than 
normal.  © clivar.org / Mojib Latif, MPI 
Hamburg 

   

  
4. Sea surface temperatures in absolute values, °Celsius and °Fahrenheit, in November 2003.  This 
image shows normal conditions with cool water from the Humboldt Stream along the South American 
west coast.  Source: SSEC University of Madison, Wisconsin, USA.   

  

ESPERE Climate Encyclopaedia – www.espere.net - Weather Basics - page 11 
  English offline version  
supported by the International Max Planck Research School on Atmospheric Chemistry and Physics 

The wind blows the seawater west 
and, as a result, the sea surface 
is about half a metre higher at 
Indonesia than at Ecuador.  
Because of this difference in 
seasurface height, water is 
upwelled from deeper in the 
ocean in the east to reduce the 
disparity in height (Figure 
4a.).  This cool, nutrient-rich sea 
water is very important in terms 
of fishing. 

   
5 a)  3-D model of the Pacific Ocean with the South 
American continent on the right and Australia on the 
left.  This shows the normal conditions in the Pacific. 
 

   

 

 



During El Niño years, weakened 

ss
winds reduce the flow of water 
from the east to the west and le  
nutrient rich cold deep water is 
upwelled to the surface along th
South American coast.  So surface
waters are warmer than normal 
but also contain less nutrients.  
As a result, a dramatic reduction
in marine fish and plant life is 
seen during El Niño events.  Mo
importantly, the warmer than 
normal water makes the 
atmosphere unstable and
causes changes in rainfall and 
weather around the globe.   

e 

 

st 

 this 

El Niño episodes occur every 2-7 
years.   

 
 b) El Niño conditions in the Pacific 

ov
5 
source: http://www.pmel.noaa.g  

 

Compared to El Niño, La Niña (the female child) events are characterised 
 

  
ring La Niña, the easterly trade 

  

La Niña 

by cooler than normal sea-surface temperatures in the central and eastern
tropical Pacific Ocean.  

Du
winds strengthen and upwelling of 
cold deep water along the equator 
and the west coast of South 
America intensifies. Sea-surface 
temperatures drop as much as 
4 oC below normal. The event also 
called anti-El Niño, or simply "a 
cold event" or "a cold episode". L
Niña conditions make the 
atmosphere very stable an
to cause  opposite climatic effects 
to El Niño.  

a

d tend 

La Niña events occur about half 

  

as often as El Niño events do. 

 
c)  La Niña conditions in the Pacific 

ov
5 
source: http://www.pmel.noaa.g  

tween 1950 and 1997, El Niño events occurred 31% of the time, La Niña 
% of

  

Be
events occurred 23% of the time and normal conditions were seen around 46
the period. El Niño and La Niña events occur, on average, every 3 to 5 years. 
Based on the historical record, the interval between events has varied from 2 to 7 
years. Since 1975, La Niña events have been only half as frequent as El Niño 
events.  A La Niña episode may, but does not always, follow an El Niño. La Niñ
conditions typically last for 9-12 months, but some episodes may persist for as 
long as two years. 
  

a 

 Niña events do not negatively affect fisheries in the same way as El Niño La
events and so are less well known.  However, both affect global climate. 
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The global impacts of El Niño and La Niñ

e seen mostly in the Pacific Ocean and 

a 

The impacts of El Niño and La Niña ar
along the Equator.  Their effects on temperature and rainfall are roughly 
opposite and are shown in the figures below. 
  

 
 a)  El Niño changes the weather 

 world 

   

6.
conditions nearly everywhere on the
and lead to severe problems in some 
regions. Source: NOAA. 
 

 
 b) Source: NOAA  6.

 
 Fires in Indonesia - Sept. 30th, 1997.  The 

   

In the tropics, the eastward shift of 
nto

r 

, 
s 

ted.

7.
strong El Niño event from mid 1997 to mid 
1998 increased the incidence of dangerous 
fires in Indonesia in this year.  © NOAA / 
significant event imagary. 
 

thunderstorm activity from Indonesia i
the central Pacific during warm episodes 
results in abnormally dry conditions over 
northern Australia, Indonesia and the 
Philippines in both seasons. Drier than 
normal conditions are also observed ove
southeastern Africa and northern Brazil 
during the northern winter season. 
During the northern summer season
Indian monsoon rainfall tends to be les
than normal, especially in northwest 
India where crops are adversely affec  
Wetter than normal conditions during 
warm episodes are observed along the
west coast of tropical South America an
at subtropical latitudes of North America 
and South America. 

 
d 
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During a warm episode winter, mid-latitude low pressure systems tend to be 

 

No one clear impact has been detected in Europe yet. This does not mean that El 

  

more vigorous than normal in the eastern North Pacific. These systems pump 
abnormally warm air into western Canada, Alaska and the extreme north of the
United States. Storms also tend to be more vigorous in the Gulf of Mexico and 
along the southeast coast of the United States resulting in wetter than normal 
conditions in that region.  

Niño and La Niña do not influence the weather in Europe, but that the connection 
between these processes is not very strong.  
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Weather

Basics 

 
Folklore Weather Forecasting 

Before modern scientific weather forecasting, people whose lives and livelihoods 
depended on the weather (such as shepherds and fishermen), relied on weather 
lore to foretell the weather. 
  
These beliefs were passed 
down from generation to 
generation and have became 
part of our different 
cultures.  Lots of weather 
proverbs are nothing more than
familiar rhymes but a few of 
these sayings do actually have 
some scientific basis. 

  

  

  

  

 

 
1. Also without professional weather forecast farmers' 
had to choose the right time for haymaking in the past. 
Source: Dorfmuseum Schönwalde 
   

 
Part 1: Sun, Moon, rainbows... 
 
Short range forecasting using the Sun, the Moon, rainbows, clouds and 
the sky 

Several weather lores are drawn from observations of natural 
phenomena such as the colour of the sky, the rings around the Moon 
and the behaviour of animals. 
In the past, farmers watched cloud movements and the colour of the 
sky to know when to sow and when to reap.  Sailors noted changes in 
wind direction and watched wave motions for signs of a change in the 
weather.  
It isn't possible to predict the long term weather using these sayings 
but those, which predict the next day's weather, often have some real 
hope of success.
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Some of the old weather related sayings about the Sun, the Moon, rainbows 
and clouds are given below.   

  

 
1. Dawn in the Alps.   
Source: www.edenpics.com 

   

Sky - "Red Sky at night, shepherds delight.  
Red sky in the morning, 
shepherds warning."

When the western sky is especially clear there is often a red 
sunset.  As the Sun sets, the rays shine through more and 
more of the lower atmosphere.  This contains dust, salt, 
smoke and other aerosol pollutants.  These aerosol particles 
scatter some of the shorter wavelengths of light into space 
(the violets and the blues) leaving only the longer 
wavelengths (the reds and oranges).   If an area of high 
pressure is present, aerosols are trapped close to the 
ground.  More aerosols makes the sunset even redder than 
usual and gives the "red sky at night".  The weather 
associated with high pressure conditions is stable and dry. 

  
In the mid-latitudes of the northern hemisphere, weather systems most often approach from the 
west. Since high pressure generally brings fair weather, this type of red sky at sunset indicates that 
clear weather is approaching, which would "delight" a shepherd (or a sailor).  If the sky is red in 
the morning (again because of aerosol scattering), the high pressure region has most likely already 
passed and an area of low pressure may follow. Low pressure usually brings clouds, rain or storms 
and so red skies in the morning warn shepherds (or sailors) of bad weather to come.  

  
Halo - "Halo around the sun or moon, rain or snow 
soon."

In many cases this is true. The halo around the Sun or the Moon is a 
layer of cirrus clouds made up of ice crystals. These ice crystals act as 
tiny prisms, forming a white or sometimes coloured halo around the 
Sun or Moon.  These clouds typically indicate an approaching warm 
front associated with a following low pressure system.  Rain or snow 
do not always follow, but there is a higher probability after a halo is 
seen.  The brighter the circle, the greater the probability.  
 

2. Halo around the Sun. 
© Mats Mattsson http://home.swipnet.se/matsm shown with 
permission. 

 
  

 
  

 
3. source: 
ttp://24.77.76.160/index.html h 

Moon - "If the moon’s face is red, of water 
she speaks." 

This saying of the Zuni Indians is very accurate. The red 
colour forms as dust is pushed ahead of a weather front.  
These fronts bring moisture to the area. 
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4. source: 
ttp://24.77.76.160/index.html h 

Moon - "Clear moon, frost soon."

On clear nights the surface of the Earth cools rapidly.  
Without a "blanket" of clouds, the heat lost from the surface 
of the Earth is simply radiated into space.  If the 
temperature is low enough on these clear nights and there is 
no wind, frost can form. 

 
 
  

Rainbow - "Rainbow in the morning gives 
you fair warning."

In the morning, when the Sun is in the east, the shower and 
its rainbow are in the west. As the weather in the mid-
latitudes of the northern hemisphere moves mostly from 
west to east, rainbows in the morning to the west indicate 
approaching rain, while a rainbow at sunset indicates that 
the rain is leaving and fair weather is on the way. 

  
 
  

 
5. source: 
http://24.77.76.160/index.html 

 
Stars - "When the stars begin to huddle, the Earth will soon become a 
puddle."

As the amount of cloud in the night sky increases, whole areas of stars are hidden and the stars that 
are still visible seem to huddle together.  Increasing cloud means that the chance of rain also 
increases. 

 
6 . source: freestockphotos.com 

Clouds – "The higher the clouds, the better 
the weather". 

High clouds indicate both dry air and high atmospheric 
pressure.  These conditions are both present when 
the weather is fair.  

 
Smoke – "When smoke descends, good 
weather ends". 

The instability of the atmospheric pressure before a storm 
and the humidity prevents chimney or bonfire smoke from 
rising quickly.  The smoke tends to curl downwards in the 
face of a storm wind. 

 
  

 
Part 2: Plants and animals 
 
 
Short range forecasting using plant and animal behaviour 

Can animals and plants help predict the weather or other natural 
events? There’s tradition that says they do – and, in some cases, 
scientists agree!
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Dogs and cats seem to know when a tornado or earthquake is 
imminent. Birds roost early and feed extensively before rain or snow 
showers and pigs and squirrels gather more debris to insulate 
themselves from cold weather.
 
 
Plants and certain fungi can 
accurately forecast wet and dry 
weather.  Chickweed, dandelions, 
bindweeds, wild indigo, clovers 
and tulips all fold their petals up 
prior to rain. Rainstar, a type of 
fungus, opens up prior to rain and 
closes in dry weather. Mushrooms 
grow well when the weather is 
moist as do mosses and 
seaweeds. In fact, seaweeds 
exposed on the rocks at low tide 
seem to swell and rejuvenate in 
the high humidity conditions seen 
before wet weather.  
  

  
1. Dandelion flowers 

source: 
http://www.flowersandfauna.com/dandelionphotos.htm

   

Some of the very old weather sayings related to plants and animals are given 
below along with short explanations why some of them actually work. 

 
  

Cat - "If cats lick themselves, fair weather 
comes."   

During fair weather, when the relative humidity is low, 
electrostatic charges (static electricity) can build up on a cat 
as it touches other objects. Cat fur loses electrons easily, so 
cats become positively charged.  Many cats don't like to be 
stroked when the air humidity is low as sufficient electrical 
charge can build up and cause small sparks which irritate the 
cat.  When a cat licks itself, the moisture makes its fur more 
conductive so the charge can “leak” off.   

2. source: http://www.thepetprofessor.com/ 

  
  
  

Crickets - Crickets are 
accurate thermometers; 
they chirp faster when 
warm and slower when 
cold. 

This saying is extremely accurate. 
Count the cricket's chirps for 
fourteen seconds, then add forty.  
This is the temperature (in 
Fahrenheit) of wherever the 
cricket is. 

  
3. Cricket 
source: 
http://hortipm.tamu.edu/pestprofiles/other/cricket/cricket.html
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4. source: http://free-stock-
hotos.com/ p 

Flies – Flies bite more before it rains. 

This rule does not always apply.  However, insects do settle 
on objects more during moist weather as they find it more 
difficult to fly.  High temperatures cause us humans to sweat 
more and this makes us a more appetising target to a fly.  
These two reasons, plus an increased release of body odour 
when atmospheric pressure decreases means that flies and 
insects are more bothersome just before it rains than at any 
other time. 

 
  

Cow - A cow with its tail to the west, makes 
weather the best; A cow with its tail to the east, 
makes weather the least. 

This New England saying from the USA has much truth in it.  The 
natural instinct of animals is to graze with their tails into the wind.  If a 
predator tries to attack from behind, the wind blows their scent to the 
animal in danger.   In the northern hemisphere, east winds often bring 
rain and west winds often bring fair weather so the grazing animal's 
tail becomes a weather sign. 

5. source: http://www.thepetprofessor.com/ 

 
 
 
  

 
  

 
6. source: 
http://www.edenpics.com/ 

 

Sea gull - "Sea gull, sea gull, sit on the 
sand; It's a sign of a rain when you are at 
hand." 

Generally speaking, birds will roost more during low pressure 
conditions than during high pressure. Before a hurricane, 
large flocks of birds are seen roosting.  Perhaps the lowering 
of air pressure or the decrease in the density of the air 
makes flying harder.  Less natural air updrafts may also 
lead to the birds "resting it out." 

  

Leaves - When leaves show their backs, it 
will rain. 

When trees grow, their leaves make a pattern which depends 
on the prevailing wind.  So when a storm wind blows (which 
is naturally in the opposite direction to the prevailing wind), 
the leaves are ruffled backwards and show their light 
undersides. 

  

  

 
7. source: 
ttp://www.freefoto.com/index.jsp h 
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Pimpernel - "Pimpernel, pimpernel, tell me 
true.  Whether the weather be fine or 
no. No heart can think, no tongue can tell. 
The virtues of the pimpernel." 

When the atmosphere reaches about 80% humidity, the bog 
pimpernel closes. So in other words, the scarlet pimpernel 
open when it's sunny, and closes when rain is due.  
 
 
 
8. Scarlet pimpernel 
source: Cornell University, Department of Plant Pathology, 
Itacha, NY 14863 
http://vegetablemdonline.ppath.cornell.edu/ 

  

 
Part 3: Long range forecasting 
 
 
Most of the natural forecasting methods only work over a very short 
time period.  Long range proverbs also exist, but most of them have no 
meteorological basis. Some of them are more accurate than others 
but all of them are controversial. 
To find universally acceptable long range weather proverbs is 
very difficult.  They tend to vary from country to country 
and strongly depend on the climatic conditions in the region.
 

 
1 . Hedgehog 

February 2nd 

One of the few widely used long range weather 
proverbs relates to February 2nd, Candlemas 
Day. 
 
According to an old English song: 
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2. Brown bear 

 

"If Candlemas be fair and bright, 
Come, Winter, have another flight; 
If Candlemas brings clouds and rain, 
Go Winter, and come not again.”

The Romans brought this proverb to the 
Germans during their conquest of the northern 
countries.  The Germans adopted it and 
concluded that if the Sun made an appearance 
on Candlemas Day, a hedgehog would cast a 
shadow.  If this happened, six more weeks of 
bad weather would result, and they called this 
time the "Second Winter."  

In several countries people believed that animals 
came out on the 2nd of February to judge the 
quality of the weather.  

  

 
3. Groundhog 

 

In Hungary, for example, the shadow of a brown 
bear is observed.  In the United 
States Groundhog Day is a very popular 
tradition. 
 
"If the groundhog sees his shadow 
we will have six more weeks of winter.”

The groundhog's seasonal forecasting accuracy 
is low and its predictions of winter are only 
correct 39% of the time! 

  

Summer Rain Signs 

Another generally believed weather rhyme is 
connected to summer rains.   
"If on the eighth of June it rain 
That foretells a wet harvest, men sayen”
In France the weather on the feast of Saint 
Medard (June 8th) is said to determine whether 
the next few weeks will be wet or dry. If it rains, 
the rain will continue for four or five weeks, or 
recur at haying time. Rain on the 8th June in 
Norway and Hungary will lead to forty days of 
rain. In Flanders the day is July 6th, the feast of 
Saint Godelive.  In Germany it is the 27th June, 
which is known as Seven Sleepers Day. 
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"If it rains on Seven Sleepers Day, the rain will stay seven weeks more.”

If it rains in England on St. Swithin's Day, the 15th of July, the proverb says that 
it will rain for forty days and if it is dry then there will be fine weather for the 
next forty days.  The proverb goes back to the Elizabethan times. 

"St Swithin’s Day, if it does rain 
Full forty days, it will remain 
St Swithin’s Day, if it be fair 
For forty days, t'will rain no more." 

These summer-rain weather proverbs are quite accurate and work more or less 
in about 70% of cases. 
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 Weather

More 

Unit 1 
More about floods and thunderstorms 

The weather can be particularly awful, if it rains heavily or heavy storms rip 
through the country. 
  
Heavy rainfall and floods cause 
enormous damage world-wide 
and cost more human lives than 
we might expect. Sudden rainfall, 
which changes small brooks into 
violent wide rivers, turned the 
Elbe and Moldowa rivers into big 
lakes in summer 2002. Wide 
areas in Eastern Germany, the 
Czech Republic and Poland were 
flooded. People were in danger 
and could not be warned in 
adequate time. Storm tides 
threaten the coasts and undercut 
the cliffs causing landslides. In 
this unit we look at several sorts 
of flooding, the damage they 
cause, and why they occur. We 
also explain how a thunderstorm 
is formed. 

  

  

 

 

 

 

 

 

 

 

 

 
1. In case of thunderstorm and heavy showers we take 
refuge in cars or closed rooms. They offer not only a 
dry place but also protection from flashes. 
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Part 1: Flaschfloods 
 
Floods are among the most frequent and costly natural disasters in terms 
of human hardship and economic loss. Around 90% of the damage 
caused by natural disasters (excluding droughts) is caused by floods and 
their associated flows of debris. 
  
Most communities on Earth experience some kind of flooding event. 

 
  

  

 
1. Flooding kills almost twice 
as many people each year in 
the USA as tornadoes and 
hurricanes put together. 
 
source: 
http://www.erh.noaa.gov/ 
er/cae/svrwx/flood.htm 

Over the 10-year period from 1988 to 1997, floods cost the USA, on average, 
$3.7 billion annually. The long-term (1940 to 1999) average number of lives lost 
was 110 people each year and these deaths were mostly the result of flash 
floods.   

On the 14th of June 1990 in Shadyside, Ohio, USA, 101.6 mm of rain fell in less 
than two hours.  This produced a 9 m high wall of water.  Twenty six people died 
and about $7 million worth of damages occurred. 

  
Flash floods occur within six hours of a rain event 
or after a dam bursts or a river embankment 
fails.  They can also occur when water is 
suddenly released from behind an ice or debris 
jam.  Flash floods often catch people unaware.  
The best response to any signs of flash flooding 
is to move immediately and quickly to higher 
ground. 

  

 
2. source: http://www.dd.org/~tale/ 

inden-flood/page3/ m 
Intense rainfall during storms creates small, fast moving streams of water.  These
streams of water can have enough power to wash away sections of pavement and
parts of houses.  The lack of water permeable ground in urban environments 
makes the situation worse.  Urbanisation increases water runoff two to six times 
over what would occur on a natural terrain. During periods of urban flooding, 
streets can become swift moving rivers, while basements and underpasses can 
become death traps as they fill with water.  
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3. VENEZUELA - Mud flows and 
massive erosion on the 
Venezuelan north 
coast (December 1999). 
source: 
http://earth.esa.int/applications/
dm/GSP/venezuel.htm 

   

 

  
4. Unexpected torrential rains fell in the north of Venezuela from 
the 12th to the 16th December 1999.  These caused massive 
landslides and floods. 

These unexpected rains caused serious environmental 
damage.  The rains continued throughout January and February, 
roducing further landslides and flooding.  p 

    
Several factors contribute to flooding. The two key elements are rainfall intensity 
and duration. Intensity is the rate of rainfall, and duration is how long the rain 
lasts. Topography, soil conditions and ground cover also play important roles. Most
flash flooding is caused by slow-moving thunderstorms, thunderstorms repeatedly 
moving over the same area, or heavy rains from hurricanes and tropical storms.  
Floods, on the other hand, can be slow- or fast-rising, but generally develop over 
a period of hours or days.  

Flash floods can roll boulders, tear out trees, destroy buildings and bridges and 
scour out new channels. Rapidly rising water can reach heights of 30 feet or more. 
Furthermore, flash flood-producing rains can also trigger catastrophic mud slides. 

Flash floods are very dangerous. Only 15 cm of fast-moving water can sweep a 
person off their feet and cars become buoyant in about 61 cm of water. 

 
 
Part 2: Riverfloods 
 
There are several different types of floods:
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River flood 

Flooding along rivers is a natural and 
inevitable part of life. Some floods occur 
seasonally when winter or spring rains, 
coupled with melting snows, fill river 
basins with too much water, too quickly. 
Torrential rains from decaying hurricanes 
or tropical systems can also produce river
flooding. 

 
1. Mississippi River Flood 
source: http://www.umesc.usgs.gov/ 
flood_2001/surface.html 
  

 

 



Coastal flood 

Winds generated from tropical storms 
and hurricanes or intense offshore low 
pressure systems can drive ocean water 
inland and cause significant flooding. 
Escape routes can be cut off and blocked 
by high water. Coastal flooding can also 
be produced by sea waves called 
tsunamis, sometimes referred to as tidal 
waves. These waves are produced by 
earthquakes or volcanic activity. 
  
Urban flood 

As land is converted from fields or 
woodlands to roads and parking lots, it 
loses its ability to absorb rainfall. 
Urbanisation increases water runoff 2 to 
6 times over what would occur on natural 
terrain. During periods of urban flooding, 
streets can become swift moving rivers, 
while basements can become death traps 
as they fill with water. 

 

 
2. Urban flood 
ource: www.crh.noaa.gov s 

Flash flood 

Have a look at the page on flash floods in 
this section of the climate encyclopaedia. 
 

Ice jam 

Floating ice can accumulate at a natural 
or man-made obstructions and stop the 
flow of water.  Once the obstruction is 
removed, large amounts of water can be 
released suddenly and this can cause 
flooding. 
 

 
3. Ice jams on the Hudson River 
source: http://www.erh.noaa.gov/ 
er/aly/photos/photo.htm 
  

The most common floods are the river floods. 

Commercial forestry can also influence 
flooding risk.  Deforestation causes higher 
surface water runoff.  This in turn causes 
increased soil erosion and therefore reduced 
water storage capacity.   

Landuse is an important factor governing the 
water levels in rivers and the frequency of 
high runoff events.  

4. Dike bursting on the river Tisza 
(Hungary), 2001 
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Ploughing, road construction and soil compaction during forestry activity all cause 
short term modification in river flood behaviour.  Most people believe that 
deforestation increases flooding risk and so tree planting is suggested as 
a remediation technique.   

Every alteration in the pattern of agricultural production can be shown to modify 
flood occurrence and the ploughing up of former extensive grasslands is said to 
have increased the flood potential of some river basins. Removal of vegetation or 
conversion to plants with lower evapotranspiration and water capture capacity, 
increases run-off volumes and lowers water storage.  

More intense rainfall events are predicted in the future.  The Intergovermental 
Panel of Climate Change (IPCC) state that these rainfall events will increase the 
likelihood of landslides, avalanches and mudslides.   

 

 
  

  

 
5. The summary of losses in Germany 
by Jonathan Conway 
 
source: http://www.facworld.com/ 
FacWorld.nsf/doc/euflood/$file/floodeu2.pdf

The 'Flood of the Century' was on the river Elbe in 2002. In parts of the 
Erzgebirge mountain range between Germany/Saxony and The Czech Republic 
more than 300 mm of rain fell in one day. The extreme precipitation was followed
by a very quick rise in the water levels of the Elbe tributaries, in particular the 
rivers which drain the Erzgebirge to the north. The water in the Elbe reached 
levels which had not been recorded for centuries. The total economic damages 
resulting from the August flood (the Czech Republic: € 3 billion, Austria: € 3 
billion; Germany: € 9.2 billion) represent a new European record for flood 
damages. 

 
6. The flooding of the Elbe near Elster (left) and the flooded streets of Meissen (right), 

photos by M. Zebisch, TU Berlin. 
source: http://www.uni-frankfurt.de/~jrapp/centuryflood.pdf 
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Part 3: Thunderstorms 
 
Types of thunderstorms 

Single Cell Storms
  
Thunderstorms can consist of just one 
ordinary cell that transitions through its 
life cycle and dissipates without additional 
new cell formation. True single cell storms 
are, however, relatively rare since even 
the weakest of storms usually occurs as 
multicell updraft event. Single cell storms 
seem quite random (perhaps because of 
our lack of understanding) in their 
production of brief severe events such as 
hail, some heavy rainfall and occasional 
weak tornadoes. 

 
1. source: http://ww2010.atmos.uiuc.edu/ 
Gh)/guides/mtr/svr/type/sngl/ovr.rxm ( 

Multicell Storms   

 
2 . a) 

Thunderstorms often form in 
clusters with a group of cells 
moving as a single unit, with each 
cell in a different stage of the 
thunderstorm life cycle. Generally 
these storms are more potent 
than single cell storms, but 
considerably less so than 
supercells.  

    
  

Unlike ordinary single cells, 
cluster storms can last for several 
hours producing large hail, 
damaging winds, flash flooding, 
and isolated tornados. 

 
2. b) source: www.srh.weather.gov 

  

Multicell Lines (Squall Lines) 

Sometimes thunderstorms will form in a line which can extend laterally for 
hundreds of miles. These "squall lines" can persist for many hours and produce 
damaging winds and hail. A squall line is a line of thunderstorms that have a 
common lifting mechanism. Lifting mechanisms tend to occur in bands. The rain 
cooled air or "gust front" spreading out from underneath the squall line acts as a 
mini cold front, continually lifting warm moist air to fuel the storms. Examples of 
banded lifting mechanisms include fronts, large outflow boundaries, gravity 
waves, etc.  
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The classic squall line will develop 
out ahead of and parallel to a cold 
front or dry line boundary. The 
storms first develop where there 
is the best combination of 
moisture, instability and lift. The 
storms will continue to evolve and 
new cells will develop (commonly 
toward the south and east).  

 
3 . a) 

The squall line will sustain itself 
by producing its own lift due to 
outflow boundaries. As long as 
instability and moisture remain 
present out ahead of the squall 
line, the squall line will continue 
to propagate. Often along the 
leading edge of the line a low 
hanging arc of cloudiness will 
form called the shelf cloud. Gusty,
sometimes damaging outflow 
winds will spread out horizontally 
along the ground behind the shelf 
cloud. 

 
3. b) Schematic of a squall line (top) and 
accompanying photograph (below).source: 

ww.srh.weather.gov  w 

Downburst winds are the main threat, although hail as large as golf balls and 
gustnadoes can occur. Flash floods occasionally occur when the squall line 
decelerates or even becomes stationary, with thunderstorms moving parallel to 
the line and repeatedly across the same area. 

Supercell Thunderstorms  

Supercell thunderstorms are a special kind of single cell thunderstorm that can 
persist for many hours. They are responsible for nearly all of the significant 
tornados produced in the U.S. and for most of the hailstones larger than golf ball 
size. Supercells are also known to produce extreme winds and flash flooding. 
  

 
 
4 . a) source: www.srh.weather.gov 

 
 
4 . b) source: www.srh.weather.gov 

They are characterized by a rotating updraft 
(usually cyclonic) which results from a storm 
growing in an environment of significant vertical 
wind shear. Wind shear occurs when the winds 
are changing direction and increasing with 
height.  

The most ideal conditions for supercells occurs 
when the winds are veering or turning clockwise 
with height. For example, in a veering wind 
situation the winds may be from the south at the 
surface and from the west at 15,000 feet. 
Beneath the supercell, the rotation of the storm 
is often visible as well. 
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Weather

More 

Unit 2 
More about the major wind systems,the Southern 
Oscillation Index and the North Atlantic Oscillation 
  
The different warming of our planet depending 
on the latitude and the allocation of water and 
land is the driving engine of the wind systems of 
our planet Earth. Monsoons and trade winds are 
examples of two such systems. 

Many of the traditional names of the wind zones 
have their roots from the time when sailing ships 
were used in the middle ages, when calms and 
storms could often decide about life and death. 
The El Niño phenomena, which is based on 
pressure variances, in this case over the mid 
Pacific, has a strong influence on temperature 
and precipitation on several continents. The 
weather in Europe and in the Mediterranean 
region, however, depends more on the North 
Atlantic Oscillation. You will learn more about 
these systems in the following sections of this 
unit.  

  

  

  

 

 

 

 

 

 

 

 

 

 
1.  Sailing ship: The Grand Turk 
© Freefoto.com 
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Part 1: Major wind systems 
 
Major wind systems, the trade winds, monsoons 

Major wind systems
The incident solar radiation, the distribution of the continents and the 
oceans, the rotation of the Earth and the land elevation all affect the 
climate.  Most of the solar radiation falls in the Equatorial region.  Just 
slightly to the north of the equator is a region of low winds known as the 
doldrums.  These occur between two windy regions where the trade 
winds blow.  
  

 
1. Rotating Earth - Global Circulation  
 
Source: website of University of Michigan-Ann 
Arbor, Department of Geological Sciences 
  

The large amount of solar radiation 
that arrives at the Earths 
surface around the Equator 
causes intense heating of the land 
and the ocean. This heating causes 
warm moist air to rise into the 
atmosphere leaving an area of low 
pressure underneath.  The region is 
also characterised by cloudiness, high 
humidity, light and variable winds and
various forms of severe weather 
including thunderstorms and 
hurricanes.  The doldrums are also 
noted for calms, these are periods 
when the winds fall, trapping sailing 
boats for days.   

The air that rises around the Equator 
cools and descends over the so called 
horse latitudes.  These are two belts 
of latitude where the winds are light 
and the weather is hot and dry. They 
are located mostly over the oceans, 
at about 30° latitude in each 
hemisphere.  They have a north-
south range of about 5° as they 
follow the seasonal migration of the 
Sun.   

Once the descending air reaches the surface of the Earth, it spreads out towards 
the Equator as part of the prevailing trade winds or towards the poles as part of 
the westerlies.  This region in the northern hemisphere is sometimes called the 
‘calms of Cancer’ and called the ‘calms of Capricorn’ in the southern hemisphere. 
The horse latitudes supposedly get their name from the days when Spanish 
sailing vessels transported horses to the West Indies. Ships would often become 
becalmed in mid-ocean at this latitude, thus severely prolonging the voyage.  The 
resulting water shortages would make it necessary for crews to throw their horses
overboard. 
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Trade winds 

The air at doldrums rises high over the 
Earth, recirculates poleward, and sinks 
back toward the Earth’s surface at the 
horse latitudes.  Surface air from the horse 
latitudes that moves back towards the 
equator is deflected by the Coriolis Force.  
This causes the winds to blow from the 
north-east in the northern hemisphere and 
from the south-east in the southern 
hemispehre.  These winds are known as the
trade winds.  In both hemispheres, 
therefore, these winds tend to blow from 
the east to the west and towards the 
equator.  Sometimes the trade winds are 
just called "easterlies" to avoid having to 
specify the hemisphere. These steady 
winds are called the trade winds because 
they provided trade ships with an ocean 
route to the New World.  
  

 
 
2. Global Circulation 

source: San Francisco State University 
(SFSU) website 
  

 
3. Effect in the Indian sub-continent - Monsoon 

© 1996 EarthBase/Liaison Agency. All rights 
reserved. 
hoto by Chip Hires P 

Monsoons 

A monsoon circulation is determined 
by the different heat capacity 
characteristics of continents and 
oceans.  They are similar to sea and 
land breezes but occur over much 
larger areas.  In summer, the winds 
usually flow from the water to the land, 
causing heavy rains inland. In winter, 
the winds usually reverse and the 
wind flows from the land to the sea 
resulting in dry conditions. 
The word "monsoon" is derived from 
the Arabic word "mausim" which means 
season. Ancient traders sailing in the 
Indian Ocean and adjoining Arabian 
Sea used it to describe a system of 
alternating winds, which blow 
persistently from the northeast during 
the northern winter and from the 
opposite direction, the southwest, 
during the northern summer. Thus the 
term monsoon actually refers solely to 
a seasonal wind shift and not to 
precipitation.  
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Even though the term monsoon was originally 
defined for the Indian subcontinent, monsoon 
circulations exist in other locations of the world 
as well, such as in Europe, Africa, Australia, and 
the west coasts of Chile and the United States. 
Approximately 65 % of the world’s population 
lives within monsoon regions. The most famous 
monsoon circulation occurs over India and 
southeast Asia. During the summer, the air over 
the continent becomes much warmer than the 
water surface, so the surface air moves from the 
water to the land. The humid air from the water 
converges with dry air from over the continent 
and produces precipitation over the region. 
Additional lifting from hills and mountains causes 
copious amounts of precipitation to occur, over 
400 inches at some locations! During the winter 
the flow reverses and the dominant surface flow 
moves from the land to the water.  

The Indian summer monsoon typically lasts from 
June through September. During this period 
large areas of western and central India receive 
more than 90% of their total annual rainfall, 
while southern and northwestern India receive 
50%-75% of their total annual rainfall. Overall, 
monthly rainfall totals average 200-300 mm, 
with the largest values observed during the 
heart of the monsoon season in July and August. 

 
4. Monsoon Circulation 
 
source: Homepage of the 
Cooperative Institute for Mesoscale 

eteorological Studies M 

Rainfall across southeastern Asia is also monsoonal in nature, with the largest 
totals typically observed during May-September. Area-average totals normally 
reach 200 mm in each of these months, with seasonal totals of 1000 mm 
commonly observed. 

  
 
 
Part 2: El Niño and SOI 
 
The Southern Oscillation and El Niño 

Southern Oscillation  

The fluctuations in ocean temperatures during El Niño and La Niña events
are linked to even larger-scale fluctuations in air pressure between the 
western and eastern tropical Pacific known as the Southern Oscillation.
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The Southern Oscillation is a 
change in air pressure measured 
in the Pacific Ocean between 
Tahiti in the east and Darwin, 
Australia in the west. When the 
pressure is high at Darwin, it is 
low at Tahiti and vice versa.  

El Niño, and its sister event "La 
Niña" represent the opposite 
extreme phases of the Southern 
Oscillation. During El Niño events 
higher than average air pressure 
covers Indonesia and the western 
tropical Pacific and below average 
air pressure covers the eastern 
tropical Pacific. 

 
1. Map of the South Pacific, showing Darwin in 
Australia and Tahiti, one of the Pacific Islands 
 

   

These pressure departures are reversed during La Niña, which features below-
average air pressure over Indonesia and the western tropical Pacific and above-
average air pressure over the eastern tropical Pacific. 
 
To sum up: 

• El Niño refers to the oceanic component of the El Niño/Southern Oscillation
(ENSO) system  

• The Southern Oscillation refers to the atmospheric component  
• ENSO is the coupled ocean-atmosphere system 

ENSO has 3 phases: a warm phase known as El Niño, a cold phase called La Niña 
and neutral phase when neither El Niño or La Niña conditions occur. 
  

 
2. The normal mean sea level pressure (MSPL) at Tahiti
is higher than at Darwin. If the pressure at Darwin 
rises relative to Tahiti the SOI becomes negative and 
we have an El Niño event. 
source: Climate System Lectures, Univ. of Columbia, 
NY 

   

Southern Oscillation Index 
(SOI) 

The Southern Oscillation Index 
(SOI) is a measure of the 
strength and phase of the 
Southern Oscillation. During El 
Niño episodes the SOI has a large 
negative value due to lower-than-
average air pressure at Tahiti and 
higher-than-average air pressure 
at Darwin. 
During La Niña episodes, the SOI 
has a positive value due to 
higher-than-average air pressure 
at Tahiti and lower-than-average 
air pressure at Darwin. 
El Niño episodes occur in every 2-
7 years.   
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3. The southern oscillation index SOI. Strong negative red values stand for El Niño events, strong 
positive blue values stand for La Niña conditions. 
Source: Long Paddock website, Gov. of Queensland 

  

 
4. Sea Level Pressure 1960-1984 

source: U. S. Army Topographic Engineering Center 

Historical review on El Niño events  

El Niño is not a new phenomenon, it has been around for thousands of 
years. Chemical signatures of warmer sea surface temperatures and 
increased rainfall caused by El Niño appear in coral specimens at least 
4000 years old, but some researchers claim to have found coral records 
that hold evidence of El Niño cycles more than a 100,000 years ago!
  
Records of El Niño events date back 
as far as the 1500's. At that time 
fisherman off the coast of Peru 
started noticing that periodic warm 
waters resulted in low anchovy 
catches. However, Peruvian farmers 
also noted that the warm waters lead 
to increased rainfall, transforming 
normally barren areas into fertile 
farmland. 

Between 1700 and 1900 European 
sailors made sporadic attempts at 
documenting the phenomenon 
and scientists became interested in 
identifying the cause. 

  

 
5. Fishermen off the coast of Peru.  Warm waters 
during El Niño events reduce the number of fish 
along the Peruvian coast causing reduced fish 
catches. 

 downtheroad.org - Peru © 
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It wasn't until the middle of the 20th century that the scientific causes of ENSO 
were worked out.  Interest increased in the late 1960's and early 1970's and, 
using new observations including satellite data, climatologists and 
oceanographers recognised that El Niño events were much more than just a local 
feature of climate variability.  

 
  

 
7. Atlas buoy 
ource: NOAA/PMEL s 

   
6. Nowadays we record conditions in the Pacific Ocean using fixed Atlas buoys which measure lots of 
different parameters, both at the surface and at depth.  We also use drifting buoys, research ships, 
coastal tide gauge stations and make measurements of sea surface temperature from space 
using satellites.  All this data forms an El Niño early warning system which helps people prepare 
for the next El Niño event. 
© clivar.org 

In 1923, a British Scientist, Sir Gilbert Walker discovered that when air pressure 
is high in the Pacific, it is low in the Indian Ocean from Africa to Australia, and 
vice versa. His findings, which he named the Southern Oscillation, were the first 
indication that weather conditions in distant parts of the tropical Pacific region are 
connected. 
Fifty years later, in the late 1960's, Jacob Bjerknes a Norwegian meteorologist 
and Professor of the University of California at Los Angeles came up with the first 
detailed description of how El Niño works. He made the connection between 
Walker’s Southern Oscillation and El Niño and this is now officially known as the 
El Niño/Southern Oscillation or ENSO for short. 
  

 
8. a)  the Walker circulation over the Pacific. 
The image shows the circulation for neutral 
conditions. 

 original: Bildungszentrum Markdorf © 

 
8. b) this is what changes during El Niño 
conditions. 
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9. Comparison of the absolute sea surface 
temperature for normal conditions and the El 
Niño event in 1982. 
source: Climate science lecture, Univ. of 
Columbia, NY  

   

El Niño events and consequences

Between 1982 and 1983, a very strong 
El Niño caused havoc around the 
world. Associated floods, droughts & 
wildfires killed about 2,000 people 
worldwide. The damage caused 
was estimated at US$13 billion.  

An even stronger El Niño event 
developed in the Pacific between 1997 
and 1998. Warnings were issued in mid 
1997 and emergency preparedness 
conferences were convened. By March 
1998, El Niño-related events globally 
caused US$34 billion of direct losses 
and killed 24,000 people. 111 million 
people were affected in some way 
and the related events left 6 million 
displaced people behind them. 

  
Floods and fires are often a consequence of El Niño events. Smaller bush fires are 
normal in shifting cultivation areas, such as Indonesia. But sometimes it is also 
industrial burning, i.e. burning forest areas to enlarge plantations. Normally the 
heavy rain in December extinguishes all fires. But under El Niño conditions there 
is no rain.  
Look at the following pictures what severe drought conditions mean. 
  

 
10. Bush fires in Borneo, 1997 (Centre for Remote 
Imaging, Sensing and Processing The National 
University of Singapore.All images are acquired by 
the SPOT satellites. Copyright of images CNES.)  
 
   

 
11. Bush fires over Sumatra and Kalimantan, 
Sept. 1997 (image: NOAA/NESDIS) author: 
Bildungszentrum Marktdorf, Project group 
ENSO 
Source: http://www.enso.info/globaus.html 
 
 
   

La Niña, on the other hand, can mean lots of rain in the following areas: South 
Asia (during monsoon times), North and North East Australia, South Africa, 
Northern South America, Central America, Hawaii. 
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Part 3: NAO 
 
North Atlantic Oscillation (NAO)
Climate variability comprises three primary, but interrelated phenomena 
in the North Atlantic region:

• the Tropical Atlantic Variability  
• the North Atlantic Oscillation  
• the Atlantic Meridional Overturning Circulation.  

The NAO is a fluctuation in a sea level pressure difference 
between Iceland and the Azores. The name was first cited by 
Gilbert Walker in 1924.
  
 
The history of the NAO 

The NAO has a long history.  The missionary Hans Egede Saabye made 
observations in his diary as far back as 1770 to 1778: "When the winter in 
Denmark was severe, as we perceive it, the winter in Greenland in its manner 
was mild, and conversely". Simultaneously, coherent fluctuations in 
temperatures, rainfall and sea level pressure were documented, reaching 
eastwards to central Europe, southwards to subtropical West Africa and westward 
to North America.  
The fluctuations of NAO influence climate from North America to Siberia and from 
the Arctic Ocean to the equator. 

NAO index 

The strength of the NAO is described by the NAO index. The NAO index is the 
difference of sea-level pressure between two stations situated close to the centres
of the Icelandic Low and the Azores High. Stykkisholmur (Iceland) is used as the 
northern station, and either Ponta Delgada (Azores), Lisbon (Portugal) or 
Gibraltar are used as the southern station.  
This simple index clearly does not take into account the possibility that the 
centres of the actual pattern may not overlap with these locations, nor can it 
accurately capture the seasonal variations in the NAO. However, there is a key 
advantage to the use of such an index, existing weather records allow it to be 
extended back in time to at least 1864. When the index is correlated or regressed 
with gridded surface pressure data, the resulting north-south dipole pattern 
defines the spatial pattern of the NAO. 
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1. source: http://www.ldeo.columbia.edu/ 
res/pi/NAO/ 
  

The positive NAO index phase shows a 
stronger than usual subtropical high 
pressure center and a deeper than normal 
Icelandic low. The increased pressure 
difference results in more and stronger 
winter storms crossing the Atlantic Ocean 
on a more northerly track. This results in a
warm and wet winters in Europe and in 
cold and dry winters in northern Canada 
and Greenland. In this case, the eastern 
US experiences mild and wet winter 
conditions. For example, the high index 
winter/springs of 1989, 1990, and 1995, 
were caused by a net displacement of air 
from over the Artic and Icelandic regions 
towards the subtropic belt near the Azores 
and the Iberian peninsula, and had 
strengthened westerlies over the North 
Atlantic Ocean. Stronger westerlies bring 
more warm moist air over the European 
continent and gives rise to milder 
maritime winters. 

The negative NAO index phase shows a 
weak subtropical high and a weak 
Icelandic low. The reduced pressure 
gradient results in fewer and weaker 
storms crossing on a more west-east 
pathway. They bring moist air into the 
Mediterranean and cold air outbreaks and 
hence snowy weather conditions. 
Greenland, however, has milder winter 
temperatures. The low index 
winter/springs of 1917, 1936, 1963, and 
1969 had weaker mean westerlies over 
the North Atlantic Ocean with 
corresponding colder than normal 
European winters. 

  

 
2. source: http://www.ldeo.columbia.edu/ 
res/pi/NAO/ 
  

 
Strengthened or weakened westerlies over the North Atlantic both have major 
impacts on oceanic and some continental ecosystems.  They have a large impact 
on North Atlantic fish stocks. 
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3. source: http://www.ldeo.columbia.edu/res/pi/NAO/ 

 
The winter NAO index is defined as the anomalous difference between the polar 
low and the subtropical high during the winter season (December through March).
  
NAO index has exhibited considerable variability over the past 100 years. From 
the turn of the century until about 1930 (with exception of the 1916-1919 
winters), the NAO was high and so stronger-than-usual winds carried the 
moderating influence of the ocean over Europe contributing to the higher-than-
normal European temperatures during this period. From early 1940's until the 
early 1970's, the NAO index exhibited a downward trend corresponding to 
a period when European wintertime temperatures were frequently lower than 
normal. A sharp increase in the NAO has occurred over the past 25 years. Since 
1980, the NAO has remained in a strongly positive phase and displayed an 
upward trend.  Since the turn of the 20th century, winters have exhibited the 
most pronounced positive indices ever recorded (except 1996). This situation has 
contributed much to the observed warming seen in northern hemisphere surface 
temperatures over the past two decades. 
 
 

ESPERE Climate Encyclopaedia – www.espere.net - Weather More - page 11 
  English offline version  
supported by the International Max Planck Research School on Atmospheric Chemistry and Physics  

 



 
  

Weather

More 

Unit 3 
Biometeorology 

During certain weather conditions many people complain about problems in their 
well-being or even illness. For example, we talk about the effect of overbearing 
humidity. The weather can exacerbate certain illnesses and elderly people and 
young children can be especially susceptible to health effects related to the 
weather conditions. 
It has been proven statistically that 
weather events can have a strong 
influence on the life of humans and 
animals. During the heat wave in summer 
2003 the mortality rate in some countries 
increased to many times its normal value.  

Biometeorology is a scientific branch, 
which can be seen as the link between 
meteorology, biology and medical 
sciences. It investigates the direct and 
indirect influence of the atmosphere on 
humans and other living organisms. In this 
unit we will look at what these influences 
are.  

  

 

 
Weather makes us shiver, sweat or can 
tress the heart. s 
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Part 1: Environment and health 
 
 
More about environmental changes and human health.  
  
In industrialised countries, the phrase "Environmental Health" conventionally 
refers to the adverse effect on human health caused by exposure to specific 
physical and chemical agents in the local environment.  The emphasis so far has 
been on contaminants in air, water, soil and food.   

Epidemiologists and toxicologists try to quantify the effects of this 
exposure, either by studying human populations or by using animal 
experimentation.   

Global environmental hazards to health include:   
 

• climate 
change resulting 
from an increase 
in greenhouse 
gases in the lower 
atmosphere. 

 

 
Figure. 1. 
1. Energy from the Sun reaches the Earth.  The ozone layer 
shields the Earth from the Sun's harmful ultraviolet radiation. 
2. About 30 percent of the solar energy is reflected back into 
space.  
3. Burning fossil fuels and deforestation increase carbon dioxide 
levels in the atmosphere.  Other greenhouse gases such as 
methane are also added to the atmosphere as a result of human 
activity. 
4. These greenhouse gases form a "blanket" which traps heat 
energy coming from the surface of the Earth, thus warming the 
Earth.  
ource:http://www.texasep.org  s 

•  stratospheric ozone depletion.   

Effects of solar ultraviolet radiation on human health include: 
skin damage - malignant melanoma, non-melanocytic cancer, sunburn 
eye damage - lens opacity, acute solar retinopathy, cancer of the cornea and 
conjunctiva 
reduction in immunity to disease and increased susceptibility to infection 
direct effects - vitamin D production: prevention of rickets, possible benefit for 
hypertension, altered general well-being: sleep/wake cycles, mood 
indirect effects - on climate, food supply, infectious disease vectors, air 
pollution. 
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Figure 2. UV radiation levels are influenced by: sun elevation, latitude, cloud cover, altitude, ozone, 
ground reflection. 
source:www.who.int 
 

 
 

• loss of biodiversity. 

Loss of biodiversity is occurring at a rapid 
rate and involves both the disappearance 
of useful species and genes and the 
weakening of various ecosystems thereby
reducing the flow of nature’s life-
supporting "goods and services". 
  

 
Figure 3. Even the remaining North American 
forests are still being cleared for new 
development. 
source: library.thinkquest.org 
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• desertification, depletion of fertile soil, groundwater
and natural fisheries.  This reduces the amount of 
food which can be grown and offsets any expected 
gains from genetically modified organisms, 
precision farming and aquaculture. 

Figure 4. Left: A goat seeks food in the sparsely vegetated Sahel of 
Africa. 
Right: Off-road vehicles significantly increase soil loss in the delicate 
desert environment. 
source: pubs.usgs.gov 

  

• various common chemical 
pollutants are 
now recognised as 
persistent and globally 
pervasive. Some appear to 
affect neurological, 
immune and reproductive 
systems and can no longer 
be considered to have 
specific and limited 
toxicity. 

  

 
Figure 5. Humans emit more and more greenhouse 
gases into the atmosphere Cars, trucks, home and 
business heating and power factories are responsible 
for about 98% of US carbon dioxide emissions and 
18% of nitrous oxide missions.  
source: www.wrh.noaa.gov 

   
In addition to large-scale environmental changes, global trends within human 
societies have also had significant effects on human health.  The prime 
determinant of population health in the medium-to-long term is the life-
supporting capacity of the environment.  Much work still needs to be done to 
improve our understanding of the fundamental ecological relationship between 
environmental conditions, climatic conditions and human health.  
Measurement of population health  

We need a measure to describe the health of population.  The disease burden 
comprises the total amount of disease or premature death within the population. 
To compare burden-fractions attributable to different risk factors requires, firstly, 
the knowledge of the severity/disability and duration of the health deficit, and, 
secondly, the use of standard units of health deficit. The widely-used Disability-
Adjusted Life Year (DALY) is the sum of  
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     -  years of life lost due to premature death (YLL) 
     -  years of life lived with disability (YLD).  

YLL takes into account the age at death, and YLD takes into account disease duration, age at onset, 
and a disability weight reflecting the severity of disease. Based on this measure, the estimated 
impacts of climate change in 2000 were the following in different regions. 

 

 

Examples of how diverse environmental changes affect the occurrence of various infectious diseases 
in humans. 
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Part 2: Weather and health 

  
1. source: 
ttp://www.es.mq.edu.au/ISB/h 

People have, since ancient times, associated certain 
weather conditions with ill health.  The connection 
between weather and health is made especially clear 
when skin cancer rates increase and during heat 
waves or extreme cold snaps when old people are 
much more at risk of death. 

Illness resulting from temperature extremes and 
solar ultra-violet radiation are obvious effects of 
weather on health.  Effects which are not so obvious 
include the influence of weather on our mood, 
behaviour and general well-being.   

Researchers realised that medical conditions 
alone could not explain all illnesses and a new 
science called Biometeorology was created.  This is 
a combination of many science disciplines, mainly 
meteorology, medicine and biology.   Our gradual 
detachment from nature and our modern lifestyle, 
with air conditioners, humidifiers and heaters has 
made us more sensitive to environmental influences. 
This is particularly valid when the body is weakened 
by illness or old age.  

  
Our bodies react to cold by constricting the blood 
vessels in our skin and around the edges of our 
body.  As a result, our heart has to work harder 
to squeeze blood through the narrow vessels.  
This puts alot of strain on a damaged or 
weakened heart.  A significant drop in air 
pressure causes the air in our isolated body 
cavities and our membrane fluids to expand.  This
puts pressure on inflammed or injured tissues in 
joints or muscles and causes us increased pain.  
Some people experience this phenomenon when 
they travel by aeroplane when the cabin pressure 
drops during take off.   Many of us 
are sensitive to changes in weather and the pain 
we feel may be caused by the irritation of nerve 
endings as a result of rapid changes in 
conditions.  Bones and muscles have different 
densities and unequal expansion and contraction 
during temperature and humidity variations may 
increase the pain we feel in inflamed or injured 
joints and muscles. 

 
2. Boiling water tossed into air at 
a temperature of -18 oC on 
December 25 2000. 
Photo by Dan Lipinski.  Source: 
http://www.crh.noaa.gov/ with 
permission. 
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3. source: 
ttp://johnson.senate.gov/drought.html h 

Heat waves appear to have a 
greater impact on mortality than 
cold episodes.  In the summer of 
2003, 180 people died in Paris, 
France on one day alone as a 
result of the abnormally high 
temperatures.  Several thousand 
people died during the heat wave 
that summer. 

  

Humidity has an important impact on 
mortality.  The more humid it is, the 
harder it is for our bodies to loose heat 
by sweating, and this results in further 
overheating. 

  

  
4. source: 
http://www.petsit.com/data/publications/html/

orld/ROOT-2001_6_27_145155.asp w 

  
5. Dust storm over 
Edwards Air Force Base 
Photo by TSgt Matthew 
Kelpis 
source: 
http://www.crh.noaa.gov/
with permission 
  

Weather-sensitive people often become irritated a day or 
two before a change in weather and are often miserable 
when a weather front arrives. Hospital records in the 
USA show that a greater number of babies are born 
during this time and headaches and migraines increase.  
People suffering from rheumatism dread the arrival of 
cold and damp weather and the dry and dusty inland 
wind prior to the arrival of a front triggers asthma or 
aggravates the symptoms and worsens hayfever. 

Inland dry winds before 
fronts are called Foehn in 
the Alpine regions of Central 
Europe and Chinook and 
Santa Ana in the Rocky 
mountain regions of Canada 
and the USA.  Some Swiss 
courts even allow the 
negative effects of these 
winds to be used as a 
mitigating factor in some 
crimes. The University of 
Calgary in Canada has 
substantiated the claims of 
many migraine sufferers 
that the Chinook is their 
main trigger. 

 

 
6. Dry Santa Ana wind 
source: http://www.usatoday.com/weather/wsanta.htm 
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Electrical storms also have an impact on our health. A lightning bolt announces 
its presence by sending out electromagnetic signals, sferics (short for 
atmospherics), at the speed of light. Instruments can measure these hundreds 
of kilometres away.  

 
7. Major types of impact change and stratospheric ozone depletion on human health 
(WHO/WMO/UNEP-Task Group, 1996). 
 
Part 3: Wind chill  
  
One of the principal modes of heat transfer from 
an object is convection of heat to the surrounding 
air. Convective heat transfer increases significantly 
with increasing air velocity.  As a result, a person 
is cooled at a faster rate under windy conditions 
than under calm conditions, given equal air 
temperature.  

Wind chill is a concept that relates the rate of heat 
loss from humans under windy conditions to an 
equivalent air temperature for calm conditions. The
wind chill temperature (WCT) is an equivalent air 
temperature equal to the air temperature needed 
to produce the same cooling effect under calm 
conditions. So the wind chill temperature is not 
actually a temperature, but rather an index that 
helps relate the cooling effect of the wind to the air 
temperature under calm conditions.  

 
1. source: 
http://www.erh.noaa.gov/er/ 
n/tables.htm il 
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It is important to remember that the wind does 
not cause an exposed object to become colder 
than the ambient air temperature. Higher wind 
speeds simply cause the object to cool to the 
ambient air temperature more quickly.  

  

 
  2. Parched Yugoslav Lake 
  source: 
http://dsc.discovery.com/new
s/ 
 afp/20030804/euroheat.html   

An extreme heat event or heat wave is a period of 
excessive daytime and night time heat and high 
humidity relative to the geographic location and time 
of year. 

  

Human bodies loose heat by changing the rate and depth at which the blood is 
circulated and by water loss through the skin and sweat glands.  To cool the 
body, the heart begins to pump more blood, blood vessels dilate (expand) to 
accomodate the increased flow and the bundles of tiny capillaries threading 
through the upper layers of skin are put into operation. The blood is circulated 
closer to the skin’s surface, and excess heat drains off into the cooler 
atmosphere. At the same time, water diffuses through the skin as perspiration. 
The skin is responsible for about 90 percent of the body’s heat loss function.  
Sweating alone does nothing to cool the body.  For cooling to occur, the sweat 
must be lost by evaporation from the surface of the skin.  High humidity 
conditions retard this process of evaporation.   

Under conditions of high temperature and high relative humidity, the body 
aims to maintain an internal temperature of 37°C.  To do this, the heart pumps 
more blood through dilated blood vessels and sweat glands pour liquid, which 
includes essential dissolved chemicals like sodium and chloride, onto the surface 
of the skin.  

When more heat enters the body than the body can remove or when the body 
cannot compensate for fluids and salt lost through perspiration, the temperature 
of the body’s inner core begins to rise and heat-related illnesses may develop.  

Death rates can increase markedly as a result of heat waves and the peaks 
correlate with maximum daily temperature 1-2 days before death; that is, there 
is a 1-2 day lag between the hottest temperatures and the peak in death rate. 
Illnesses such as heat stroke and heat exhaustion can occur in healthy people 
who are overexposed to, or are overactive in the heat. However, the majority of 
excess deaths that occur during heat waves are actually the result of other 
illnesses, which are exacerbated by heat stress.  Children, the elderly and people 
who are already ill, particularly those with circulatory problems, are most at risk 
during excessive heat. 
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Many indices have 
been developed to measure the 
influence of meteorological 
parameters on the human body. A
comparison of formulations used 
to determine the effect of wind 
speed on wind chill is shown here. 

  

 
3. Differences in the various wind chill equivalent 
formulations at an air temperature of  0°F (adapted 
rom Quayle et al. 2000). f 

The Heat Index (HI) is the temperature the body feels when heat and humidity 
are combined. The chart below shows the HI that corresponds to the actual air 
temperature and relative humidity.  This chart is based upon shady, light wind 
conditions.  Exposure to direct sunlight can increase the HI by up to 
15°F.   To convert temperatures in Fahrenheit (TF) to temperatures on the 
Celsius scale (TC) use the following equation:  

TC = (5/9)*(TF-32)  

 

  
4. Temperature (F) versus Relative Humidity (%) 

  
5. Possible heat disorder 

  
6. This table compares Temperature and Dewpoint.  The different colours show the disorders which 
are possible (see above). 
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