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Weather
The weather concerns everyone and has some effect on nearly every human activity. It occurs within
the atmosphere, the mixture of gases that completely envelops Earth. Weather is defined as the
momentary, day-to-day state of the atmosphere over any place on Earth’s surface.

Types of Weather
Types of weather include sunny, cloudy, rainy, windy, and snowy. One of the most significant
factors that affects weather is air masses. Air masses cause warm, cold, stationary, and occluded
fronts.

Weather Elements
They are several primary conditions of the atmosphere, or weather elements. They include wind,
temperature, pressure, humidity, clouds, and precipitation.

Wind
Wind is the movement of air parallel to Earth’s surface. Were it not for Earth’s rotation, winds
would generally blow from areas of high pressure toward areas of low pressure, down what is called
the pressure gradient—a sort of “slope” from high pressure to low. The Coriolis effect, however,
causes winds to blow at almost right angles to the prevailing pressure gradient, especially in the
upper atmosphere. Low- level winds experience more friction with the surface. This changes the
balance of forces and allows a flow at an angle to the pressure gradient. Such winds are called
geostrophic winds. In the Northern Hemisphere lower pressure is to their left and higher pressure
is to their right. The opposite is true in the Southern Hemisphere. At around 30,000 feet (9,000
meters) in altitude these westerly winds may exceed 200 miles (320 kilometers) per hour along
narrow zones known as jet streams.

2

WEATHER FOR SECONDARY STUDENTS

Temperature
Temperature changes may also be associated with wind direction. In the Northern Hemisphere
winds from the south usually bring rising temperatures, while northerly winds are normally
accompanied by falling temperatures. The opposite is true in the Southern Hemisphere. Under
cloudless skies temperatures may vary greatly between night and day, while clouds keep
temperatures more uniform.
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Atmospheric Pressure
Atmospheric pressure by itself has limited significance in weather forecasting. However, changes
in pressure do matter, if a correction is made for normal changes, such as a fall in pressure that
usually occurs during the midday hours. Falling pressure generally indicates that a storm is
approaching. Rising pressure indicates the approach or continuation of fair weather.

Humidity
Humidity is the amount of moisture in the air. Water exists in the air in gaseous form, called water
vapor. Warm air can contain more vapor than cold air can. The maximum amount of vapor possible
at a specific temperature is known as its saturation value. Relative humidity is the proportion of
water vapor in the air at a given temperature as compared with the maximum amount possible at
that temperature. It may vary from almost none over deserts to as much as 100 percent in thick fog
or rain. Another particularly useful humidity measurement is dew point—the temperature at which
the relative humidity would reach 100 percent, given the current amount of water vapor present.
Higher dew points correspond to greater amounts of moisture.
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Clouds
Clouds often signal an imminent weather change. Rising cloud levels indicate clearing weather.
Thickening and lowering clouds signify precipitation. Clouds form when water vapor is cooled
below its dew point and condenses into tiny but visible droplets or ice crystals. The cloud base
indicates the level at which rising air reaches its dew point. The main cloud types are the high,
wispy cirrus, the layered stratus, and the massive, billowy cumulus.
Fog is a cloud whose base is on the ground. Like clouds, it forms when moist air cools below its
dew point. Dew is formed when moist air is in contact with a surface such as grass that has been
cooled below the air’s dew point by nighttime radiation. When the temperature is below freezing,
frost forms instead of dew.
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Precipitation
Precipitation is any form of moisture which falls to the earth. This includes rain, hail, snow, and
sleet. Precipitation occurs when water vapour cools. When the air reaches saturation point (also
known as condensation point and dew point) the water vapour condenses and forms tiny droplets of
water. These tiny droplets of water form clouds. For this booklet, the focus will be on precipitation
that occurs in the tropics.

Air Masses
Air that has acquired a fairly uniform temperature and humidity over a large area of Earth’s surface
is called an air mass. Air masses are of four main types depending on where they originate. The
types are Arctic (A) or Antarctic (AA), polar (P), tropical (T), and equatorial (E). Air masses
are also of either maritime (m) or continental (c) origin. In general, a maritime air mass is relatively
moist and has a moderate temperature. A continental air mass is relatively dry and may have a very
hot or very cold temperature, depending on the season.

Rainfall
There are three main types of rainfall that occur very frequently around the world and depend on
a variety of factors. They are:
•
•
•

Relief Rainfall
Convectional Rainfall
Frontal Rainfall

Relief Rainfall
This type of rainfall occurs very frequently near mountains beside the sea.
•
•

Moisture-laden wind blows in from the sea. Because the wind meets a high mountain, it is
forced to rise upwards. As it rises upwards, it is cooled, and cloud is formed.
The cloud becomes saturated with water vapour and it begins to precipitate on the side of the
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•
•
•

mountain facing the sea. This side of the mountain is known as the windward side.
The cloud precipitates the most on the windward side of the mountain. By the time the cloud
meets the other side, which is called the leeward side, the cloud has already lost most of its
moisture, so it rains very little there.
This makes leeward sides of a mountain very sheltered from rain and they hardly ever get
much rain.
There is a moister climate on windward sides of slopes whilst there is a more dry, sheltered
climate on the leeward side.

Convectional Rainfall
You may be outside on a picnic on a hot summer day. You are enjoying yourself and you are
soaking in the rays of sunshine. Suddenly, the sky gets darker and a dark, grey cumulus cloud is
coming your way. Without warning, the heavens open and it begins to rain, with an almost
thundery feel. Convectional rain occurs frequently on hot days usually giving cumulus cloud and
thundery showers.
•
•
•

The sun heats the Earth's ground. This causes the air to warm and become very hot.
The air rises upwards. The air is then cooled and condenses to form cumulus cloud.
When the cumulus cloud is saturated, it begins to precipitate giving heavy and thundery
showers.

That is why you get thundery showers on a hot day, because the sun warms the air and it rises,
cools and begins to rain.
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Frontal Rainfall
This occurs when a warm, tropical air mass comes in contact with a cold, polar air mass.
• A warm, tropical air mass comes in contact with a cold, polar air mass. Because the air in
the warm front is well, warm then it rises over the cold front.
• The air is cooled and condenses to form stratus cloud.
• When the stratus cloud becomes saturated, it begins to precipitate.
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Weather Fronts
When two air masses meet together, the boundary between the two is called a weather front. At a
front, the two air masses have different densities, based on temperature, and do not easily mix.
One air mass is lifted above the other, creating a low-pressure zone. If the lifted air is moist, there
will be condensation and precipitation. Winds are common at a front. The greater the temperature
difference between the two air masses, the stronger the winds will be. Fronts are the main cause of
stormy weather.
The rest of this section will be devoted to four types of fronts. Three of these fronts move and one
is stationary. With cold fronts and warm fonts, the air mass at the leading edge of the front
gives the front its name. In other words, a cold front is right at the leading edge of moving cold
air and a warm front mark the leading edge of moving warm air.

Stationary Fronts
At a stationary front, the air masses do not move. A front may become stationary if an air mass is
stopped by a barrier, such as a mountain range. A stationary front may bring days of rain, drizzle,
and fog. Winds usually blow parallel to the front, but in opposite directions. After several days, the
front will likely break apart. When a cold air mass takes the place of a warm air mass, there is a
cold front.
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Cold Fronts
Imagine that you are standing in one spot as a cold front approach. Along the cold front, the denser,
cold air pushes up the warm air, causing the air pressure to decrease. If the humidity is high enough,
some types of cumulus clouds will grow. High in the atmosphere, winds blow ice crystals from
the tops of these clouds to create cirrostratus and cirrus clouds. At the front, there will be a line of
rain showers, snow showers, or thunderstorms with blustery winds. A squall line is a line of severe
thunderstorms that forms along a cold front. Behind the front is the cold air mass. This mass is
drier, so precipitation stops. The weather may be cold and clear or only partly cloudy. Winds may
continue to blow into the low-pressure zone at the front.
The weather at a cold front varies with the season.
• Spring and summer: The air is unstable so thunderstorms or tornadoes may form.
• Spring: If the temperature gradient is high, strong winds blow.
• Autumn: Strong rains fall over a large area.
• Winter: The cold air mass is likely to have formed in the frigid arctic so there are frigid
temperatures and heavy snows.

Cold fronts affect the Caribbean region (especially the northern part of the region) during the
northern hemisphere winter. During this period, cold air from North America moves into the
Caribbean. There is a well-defined boundary where this cold, dry air meets the warm, moist air of
the Caribbean. The cold air is denser and heavier and so it pushes its way beneath the warm air. The
warm air, which is lighter and less dense than the cold air, is forced to rise. There are strong up
draughts and tall cumulonimbus clouds are formed. There is often heavy rain and thunderstorms.
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Warm Fronts
Along a warm front, a warm air mass slides over a cold air mass. When warm, less dense air moves
over the colder, denser air, the atmosphere is relatively stable.
Initially, the air is cold: the cold air mass is above you and the warm air mass is above it. High
cirrus clouds mark the transition from one air mass to the other. Over time, cirrus clouds become
thicker and cirrostratus clouds form. As the front approaches, altocumulus and altostratus clouds
appear and the sky turns gray. Since it is winter, snowflakes fall. The clouds thicken and
nimbostratus clouds form. Snowfall increases. Winds grow stronger as the low-pressure
approaches. As the front gets closer, the cold air mass is just above you, but the warm air mass is
not too far above that. The weather worsens. As the warm air mass approaches, temperatures rise,
and snow turns to sleet and freezing rain. Warm and cold air mix at the front, leading to the
formation of stratus clouds and fog.

Occluded Fronts
An occluded front usually forms around a low-pressure system. The occlusion starts when a cold
front catches up to a warm front. The air masses, in order from front to back, are cold, warm, and
then cold again.
Coriolis Effect curves the boundary where the two fronts meet
towards the pole. If the air mass that arrives third is colder than either
of the first two air masses, that air mass slip beneath them both. This
is called a cold occlusion. If the air mass that arrives third is warm,
that air mass rides over the other air mass. This is called a warm
occlusion. The weather at an occluded front is especially fierce right
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at the occlusion. Precipitation and shifting winds are typical. The Pacific Coast has frequent
occluded fronts.

Tropical Weather Systems
Once an organized tropical weather system develops, it may move in a predictable way for a while.
Several different types of tropical weather systems exist, each having its own typical characteristics,
including its size, speed, and direction of motion.
Some disturbances, for example, are known as "easterly waves" because they follow along in the
direction the overall trade winds are blowing, from east to west — the opposite direction of the
westerly winds at higher latitudes. As with the wave patterns of high and low pressure systems in
the extra tropics, the term wave here indicates a wavy pattern in a map of the wind field over a large
area. Easterly waves have long been well known in the Caribbean, for example, where they arrive
after forming over West Africa and moving across the tropical Atlantic Ocean. Similar weather
systems also occur over the tropical Pacific and Indian oceans. Some of them eventually strengthen
into tropical cyclones — known as hurricanes in the Atlantic and eastern Pacific, typhoons in the
western Pacific, and simply cyclones in the Indian ocean and southern hemisphere which are the
most organized and destructive of tropical weather systems.
A hurricane is a tropical cyclone in which the maximum average wind speed near a centre or eye
exceeds 74 mph or 119 Km/h. The winds rotate in a counterclockwise spiral around a region of low
pressure. In the Atlantic and Eastern Pacific such systems are called hurricanes. In the Western
Pacific, including the Philippines - typhoons, near Australia – willy willy and in the Indian Ocean
- cyclones. The tropical cyclones are given names for easier identification and tracking.
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FORMATION AND INITIAL DEVELOPMENT STAGES OF TROPICAL
CYCLONES
Tropical cyclone is the generic term used by the World Meteorological Organisation to define
weather systems developing over tropical or subtropical waters in which winds exceed 34 knots or
63 km/h. Tropical cyclones also have a definite organised surface circulation.
Four conditions are necessary for the development of a tropical cyclone:
1. A warm sea temperature in excess of 26 degrees Celsius or 79 degrees Fahrenheit.
2. High relative humidity (degree to which air is saturated by vapour).
3. Atmospheric instability.
4. A location of at least 4 - 5 latitude degrees from the Equator.

PHASES
There are four phases of development which are linked to the associated wind intensities:
•

Tropical Disturbance
A weather system which gives rise to a specific area of cloudiness with embedded
showers and thunderstorms.

•

Tropical Depression
A tropical cyclone system with definite counterclockwise wind circulation with maximum
sustained winds of less than 38 mph (61 km/h). At this stage, the system is given a number.

•

Tropical Storm
A tropical cyclone system, with maximum sustained surface winds greater than 38 mph
(61 km/h), but less than 74 mph (119 km/h). At this stage, the system is given a name.

•

Hurricane
A tropical cyclone with wind speed greater than 74 mph (119 km/h). The weather system
is now better organised and the eye is well defined.

CLASSIFICATION OF HURRICANES
The Saffir Simpson Scale is used to classify Hurricanes according to intensity. In this scale,
hurricanes are classified into one of five categories as shown below.
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Saffir/Simpson Hurricane Scale
Saffir/Simpson Hurricane Scale
Central
Winds mph
CategoryPressure
(km/h)
Mean (millibars)
1
980 or more
74 - 95mph (119 - 151km/h)
2
965 - 979
96 - 110mph (152 176km/h)
3
945 - 964
111-129mph (177 209km/h)
4
920 - 944
130 - 156mph (210 248km/h)
5
less than 920
more than 157mph
(248km/h)

Example of a
Surge (ft)

Damage

4-5
6-8

Minimal
Moderate

Lili 2002
Isabel 2003

9-12

Extensive

Katrina 2005

13-18

Extreme

Charley 2004

more than
18

CatastrophicGilbert 1988

Storm

CHARACTERISTICS
Tropical cyclones are characterised by their destructive winds, storm surges and exceptional
levels of rainfall which may cause flooding.

Destructive Winds
The strong winds generated by Tropical cyclones circulate clockwise in the Southern Hemisphere
and counterclockwise in the Northern Hemisphere while spiraling inward and moving towards the
cyclone centre. Winds speeds progressively increase towards the core. As the eye arrives, winds
fall off to become almost calm but rise again just as quickly as the eye passes and are replaced by
hurricane force winds from a direction nearly the reverse of those previously blowing.

Storm Surges
The rise in sea level above the normal tide (See Table for Saffir-Simpson Scale). As the cyclone
approaches the coast, the friction of strong on-shore winds on the sea surface, plus the "suction
effect" of reduced atmospheric pressure, can pile up sea water along a coastline near a cyclone's
landfall well above the predicted tide level.
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Excessive Rainfall
The high humidity condenses into rain and giant cumulus clouds result in high precipitation rates
when the cyclone reaches land. The rain rapidly saturates the ground and rapid run off will result
in severe flooding.

LIKELY IMPACTS
Physical Damage
Structures will be damaged or destroyed by
wind force, storm surges, landslides, and
flooding. Public utilities such as overhead power
lines, water and gas distribution lines, bridges,
culverts, and drainage systems are also subject
to severe damage. Fallen trees, wind driven rain
and flying debris can also cause considerable
damage.

Crops and Food Supplies
The combination of high winds and heavy rain and flooding can ruin crops and trees.
Food stocks may be lost or contaminated, and it is possible that food shortages
will occur.

Casualties and Public Health
There are relatively few deaths associated with the impact of high winds. However, storm surges may
cause many deaths but usually few injuries among survivors. The threat to public health emerges in the
aftermath of events when conditions such as water contamination or shortages, flooding and damage to
sanitation facilities may favour the spread of diseases.
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Lack of Communication
Communication may be severely disrupted as telephone lines, radio and television antennas and
satellite disks are blown down. Roads and railway lines may be blocked by fallen trees or debris and
aircraft movements are curtailed for hours after a cyclone.
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Meteorology
This is the scientific study of weather. People who study and predict weather are called
meteorologists.
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Weather Instruments
Weather conditions are measured by standard instruments. Surface wind speeds are usually measured
by an anemometer. An anemometer consists of three or four wind-driven cups mounted on a vertical
axis whose rate of rotation varies with wind speed. Wind direction is indicated by a vane, a pointer that
swings with the wind. The vane is mounted on a vertical axis attached to a compass rose. Newer devices
with no moving parts use pulses of sound to determine both wind speed and direction.

WIND

ANEMOMETER

VANE

Atmospheric pressure is measured by an aneroid barometer, a flexible metal vacuum box that expands
or contracts with changes in pressure. Atmospheric pressure can also be measured by a mercury
barometer. It consists of a glass tube in which the height of a column of mercury varies with pressure.

MERCURY BAROMETER

ANEROID BAROMETER
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Temperature is measured by a thermometer. In the past, the most common type was a glass tube in
which the height of a column of mercury or alcohol varies with changes in temperature. Various
types of electronic thermometers (thermistors and thermocouples) are now often used instead.
Even then, the liquid-in-glass type is valuable for calibration and backup.

THERMOMETER
Humidity data, including relative humidity, vapor pressure, and dew point, is secured with the use
of various types of instruments. The instruments are generally known as hygrometers. In this
instrument a polished metal surface is cooled until condensation begins to collect on its surface.
Its temperature then indicates the dew point directly. Another accurate type is the psychrometer,
consisting of two similar thermometers. The bulb of one thermometer is kept wet, and the other
dry. The differences between the temperatures they record are related to the amount of moisture
in the air.
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HYGROMETER

PSYCHROMETER

A device for measuring the height of cloud bases and overall cloud thickness is called a
Ceilometer. One important use of the ceilometer is to determine cloud ceilings at airports. The
device works day or night by shining an intense beam
of light (often produced by an infrared
or ultraviolet transmitter or a laser), modulated at an audio frequency, at overhead clouds.
Reflections of this light from the base of the clouds are detected by a photocell in the receiver of
the ceilometer.

CEILOMETER
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The amount of precipitation is usually measured by a rain gauge, an open-mouthed container that
catches the rain. A commonly used variation of this is the tipping bucket rain gauge, which
automatically empties itself as the rain is measured. Radar is used to measure the intensity of
rainfall or snowfall. This information is compiled over time to estimate the total amount in areas
with no other data.

RAIN GAUGE
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UNITS OF MEASUREMENT
Anemometer
The anemometer measures in feet per minute, or FPM. The rotation is sensed by a magnetic or optical
sensor that converts the signal to FPM measurement.
Wind Vane
In general, wind directions are measured in units from 0° to 360° but can alternatively be expressed
from -180° to 180°. "NW 12 mph" in a weather forecast indicates a wind coming from the
northwest (toward the southeast) having a wind speed of 12 miles per hour.
Aneroid Barometer
A barometer measures atmospheric pressure in units of measurement called atmospheres
or bars. An atmosphere (atm) is a unit of measurement equal to the average air pressure at sea level
at a temperature of 15 degrees Celsius (59 degrees Fahrenheit).
Mercury Barometer
Two units of barometric pressure are millimeters of mercury (mm Hg) and inches of mercury (in
Hg). As the pressure increases, the mercury rises higher in the barometer tube. The height
of the mercury can be measured in either inches or millimeters.
Thermometer
The most common units of measurement for temperature are Celsius and Fahrenheit.
Hygrometer
There are three main measurements of humidity: relative, absolute, and specific. Absolute
humidity (units are grams of water vapor per cubic meter volume of air) is a measure of the actual
amount of water vapor in the air, regardless of the air's temperature.
Psychrometer
The same amount of water vapor results in higher relative humidity in cool air than warm air. So,
there are no units as such, but it is normally expressed as a %.
Ceilometer
When a reflection is detected, the ceilometer measures the vertical angle to the spot; a simple
trigonometric calculation then yields the height of the cloud ceiling in feet and inches.
Rain Gauge
Most modern rain gauges generally measure the precipitation in millimeters in height collected on
each square meter during a certain period, equivalent to liters per square meter. Previously rain was
recorded as inches or points, where one point is equal to 0.254 mm or 0.01 of an inch.
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