WEATHER WHYS
An introduction to weather basics

There are four key elements of weather, what we generally ‘talk about’.
Temperature, moisture, pressure and wind.
Temperature refers to how the sun’s rays warm up our atmosphere.
Moisture may include rain, snow, hail, and dew.
Air pressure can either be low pressure or high pressure.
(Low pressure usually signals rainy weather while high pressure usually signals
sunny weather.)
Wind is created when different air pressures are near each other.
Each of the elements work together to give us different weather conditions.
A change in one element usually causes a change in the weather.

WHAT MAKES ‘WEATHER’?

Weather is a specific event or
condition that happens over a period
of hours or days. For example, a
thunderstorm, a snowstorm, and
today’s temperature all describe the
weather.
Weather is highly variable day to day,
and from one year to the next.
Almonte might have a warm winter
one year and a much colder winter
the next. This kind of change is
normal. But when the average
pattern over many years changes, it
could be a sign of climate change.

WEATHER VS. CLIMATE

Climate refers to the average
weather conditions in a place over
many years (usually at least 30 years,
to account for the range of natural
variations from one year to the next).
For example, the climate in Ottawa is
cold and snowy in the winter, while
Miami’s climate is hot and humid.

HOW DO WE MEASURE WEATHER?
Some tools of the trade…

WE ALSO USE SATELLITE AND RADAR

Weather processes such as wind, clouds, and
precipitation are all the result of the atmosphere
responding to uneven heating of the Earth by the
Sun.
The uneven heating causes temperature
differences, which in turn cause air currents (wind)
to develop, which then move heat from where
there is more heat (higher temperatures) to where
there is less heat (lower temperatures).
The atmosphere thus becomes a giant "heat
engine", continuously driven by the sun. High and
low pressure areas, wind, clouds, and precipitation
systems are all caused, either directly or indirectly,
by this uneven heating and the resulting heat
redistribution processes.

Generally speaking, there are two main modes of
this heat redistribution:
(1) VERTICAL heat transport: Solar heating of the
Earth's surface makes the atmosphere convectively
unstable, causing vertical air currents to develop.
This is what causes puffy-looking clouds, showers,
and thunderstorms to form in warm air masses.
(2) HORIZONTAL heat transport: Because the Earth is
a sphere, it receives more sunlight in the tropics,
and less sunlight toward the North and South Poles.
This causes horizontal temperature differences to
develop, which in turn causes air pressure
differences, leading to wind that transports heat
from the tropics to the high latitudes.
Together, this uneven heating in both the horizontal
and vertical directions in the atmosphere causes
everything that we perceive as "weather".

BUT WHAT CAUSES WEATHER?

So basically, weather starts with the sun. Its energy travels 150 million kilometres to
the outer edge of the earth's atmosphere. Some of that energy is reflected back
into space by the tops of the clouds and some is scattered by the dust and the
water vapour in the atmosphere. About half of the sun's energy reaches the
earth. Here it is converted to heat to warm the earth and the air above it as well
as melt snow and evaporate water.
All areas of the earth do not receive the same amount of the sun's energy at the
same time. There are 3 reasons for this.
First, the earth rotates on its axis every 24 hours creating night and day.
Second, the earth revolves around the sun every year. During the earth's orbit,
some regions receive more of the sun's energy than others.
Third, the earth is tilted on its axis at an angle of 23 ½degrees. Without that tilt, the
sun would shine directly over the equator all year and there would be no seasons.
Instead, the sun's energy hits different parts of the earth at different angles
affecting the amount of heat any one part of the earth receives. This unequal
heating also sets the air in motion creating global wind belts.

The SIX major factors that affect
climate are LOWLEW:
Latitude
Ocean Currents
Wind and Air Mass
Landforms
Elevation
Water Bodies

The technical definition of latitude is the ‘angular distance north
or south from the earth’s equator measured through 90 degrees’.
Lines of latitude form circles around the earth, with 0 degrees
latitude being at the equator and 90° latitude representing the
poles. For example, Miami, Florida, is located at approximately 26
degrees North latitude while Almonte is located at approximately
45 degrees North latitude.

LATITUDE

Latitude is an important factor in determining what type of climate a
location will have. For example, we can expect Miami’s climate to
be much warmer than that of Almonte since it is at a lower latitude
and is located closer to the equator. Locations at lower latitudes
receive stronger and more direct sunlight than locations near the
poles. Energy input from the sun is the main driving force in the
atmosphere.
As mentioned earlier, there are other factors that influence the
weather on the earth. One of these is the tilt of the earth. The earth's
axis of rotation is tilted about 23.5 degrees compared to the plane of
the earth's orbit around the sun. The earth’s tilt is responsible for the
seasons we experience.

LATITUDE

This diverting force is called
the "Coriolis effect".

Between 23.5S and 23.5N latitude we have the tropics - where
high temperatures are the norm, and the sun can beat down
from directly overhead once or twice each year.
From 23.5N to 66.5N and between 23.5S and 66.5S are the
temperate zones, where there are clear
spring/summer/fall/winter seasons.
From 66.5N to the North Pole we have the Arctic, and from 66.5S
to the South Pole, the Antarctic. In these arctic zones the sun is
above the horizon at midnight for part or all of the summer and
never rises at all during some day(s) in the winter. At the pole,
daily motion is parallel to the horizon.

LATITUDE

The world’s ocean is crucial to heating the planet.
While land areas and the atmosphere absorb some
sunlight, the majority of the sun’s radiation is absorbed
by the ocean. Particularly in the tropical waters
around the equator, the ocean acts a as massive,
heat-retaining solar panel. Earth’s atmosphere also
plays a part in this process, helping to retain heat that
would otherwise quickly radiate into space after
sunset.

OCEAN CURRENTS

Ocean currents act much like a conveyer belt,
transporting warm water and precipitation from the
equator toward the poles and cold water from the
poles back to the tropics.
Thus, currents regulate global climate, helping to
counteract the uneven distribution of solar radiation
reaching Earth’s surface. Without currents, regional
temperatures would be more extreme—super hot at
the equator and frigid toward the poles—and much
less of Earth’s land would be habitable.

OCEAN CURRENTS

WIND AND AIRMASS

Over the centuries, the sailors and merchants
who plied the oceans exploring or trading
named some of these winds. For example,
the men sailing the east-west trade routes
near the equator called the main east-west
winds the trade winds because they were
consistent and carried the cargo ships to port
on time.
Generally speaking, though, the prevailing
winds are named after the direction from
which they flow. In the Northern Hemisphere,
the Polar Easterlies blow from the northeast
and the Westerlies blow from the southwest.
The Trade Winds in the Northern Hemisphere
blow from the northeast towards the
equator. Then there are the doldrums, an
area of light shifting winds on both sides of
the equator. Some people call the doldrums
areas of Equatorial Calm.

WINDS AND AIRMASS

This pattern repeats itself in
the Southern Hemisphere
because of the Coriolis force.
Here, though, the trade winds
flow from the southeast. The
Westerlies flow from the
northwest and the Easterlies
blow from the southeast.

So in the northern hemisphere, winds blow clockwise around an
area of high pressure and counter-clockwise around low
pressure. Not only do differences in air pressure help determine
wind speed and direction, they help forecast precipitation and
clear weather.

BACK TO CORIOLIS…

Between the trade winds and the
Westerlies lies another area of light,
variable winds called the Horse
Latitudes. This area got its name
when sailing ships carrying horses to
the West Indies were becalmed
here, and ran short of water. The
sailors had to throw the animals
overboard so they would not die
slowly of thirst.

WINDS CON’T

FRONTS
Are created when temps, airmass
and winds collide. These are SUPER
important to weather forecasting,
so we’ll revisit these next class…

The earth on which weather moves
on has its own effect on the
weather.
Weather and climate are often
affected by geographical
elements. Here in the Ottawa Valley
we can see this clearly in many
areas: The Carp escarpment, the
Gatineau escarpment, The Rideau
Lakes zone, the St. Lawrence Rivers,
the Great Lakes and many more…

LANDFORMS

Other geographical features not
common to our zone also affect
weather and climate: volcanoes,
ocean masses, open plains…

Man made forms are now also
influencing weather patterns: large
cities and they way they trap heat,
pollution build up, agricultural
areas, run off etc…

Some of these affects are:
OROGRAPHIC LIFTING
RAINSHADOW EFFECT
WIND FUNNELS
LANDFORM BREEZES
LAKE EFFECT
FOG AND MIST FORMATION

LANDFORMS AND WEATHER

ELEVATION can affect our weather and climate.
Anyone who has ever climbed a high mountain or visited
somewhere below sea level could tell you about how that feels
to humans.
Weather is affected by many of the same things.
What can grow, what lives, human affects, etc in different
elevation also affects the weather and climate.
As you increase in elevation, there is less air above you thus the
pressure decreases. As the pressure decreases, air molecules
spread out further (i.e. air expands) and the temperature
decreases. If the humidity is at 100 percent (because it's
snowing), the temperature decreases more slowly with height

ELEVATION

While sometimes used interchangeably, “altitude" and "elevation"
are often distinguished in the earth sciences, the former commonly
referring to vertical distance above ground and the latter to the
height of a particular point of the Earth’s surface in relation to sea
level.
Under average conditions, the atmosphere displays certain weather
characteristics with mounting altitude. For the observer on the
ground, changes in elevation can reflect these trends as well as
others dependent on the vagaries of topography.
This is a function of decreasing air pressure as altitude increases;
higher up, the molecules of atmospheric gas are more spread out
and slower moving, producing less heat energy. This is the basic
reason why the traveler ascending from lowlands into mountains
normally experiences progressively cooler temperatures.

ELEVATION ( AND ALTITUDE)

A temperature inversion occurs when the normal cooling of air
with altitude is reversed: cold air near the ground is overlain with
a layer of warmer air, which prevents convection, or air-mass
lifting, for the duration of the inversion. Basins enclosed by
mountains are particularly susceptible to such inversions, which
can concentrate pollutants in the lower atmosphere. During an
inversion, a mountain rambler may enjoy sunny, warm conditions
while a valley counterpart contends with chilly fog.

INVERSIONS

As an air mass rises and cools, it has less capacity to hold water vapor. At a
certain temperature and altitude, vapor will condense into water droplets,
forming clouds; heavy enough droplets will fall as precipitation. Highelevation terrain can thus provoke cloudiness, rainfall and snowfall by forcing
a mass of air upward, a process known as orographic lifting. A mountain
range may essentially wring clouds dry on its windward side, creating a socalled “rainshadow” in its lee. A classic example is the Cascade Range in
the Pacific Northwest, which is set close to a major moisture source in the
form of the Pacific Ocean. Maritime weather systems drop heavy rains and
snows on the western slopes of the Cascades, promoting luxuriant
temperate rain forests. Such systems are much drier once they surmount the
Cascade Crest and flow down eastern slopes, a condition enhanced by the
drying trend any air mass undergoes as it descends. Thus, leeward slopes of
the Cascades are notably drier, defined by more open conifer woodlands
and shrublands, while semiarid steppe sprawls in the rainshadow lowlands
eastward.

LANDFORMS AND ELEVATION AFFECT
…PRECIPITATION…

Winds are often stronger at higher altitudes, not least because near the ground
they are slowed by frictional drag.
Mountains, buttes, spires and other topographic prominences are therefore
commonly exposed to significantly fiercer winds than an adjacent lowland,
particularly when they’re isolated or especially lofty. High-elevation winds may be
enhanced by funneling or compression in response to topographic contours.
Mount Washington, the high point of the Presidential Range in the northern
Appalachians, experiences infamously tempestuous weather due to its
prominence, latitude and proximity to prevailing storm tracks and the North
Atlantic. During winter, hurricane-force winds – better than 121 kilometers per hour
(75 mph) – assault Mount Washington an average of two days out of three.
At 8,848 meters (29,029 feet), Mount Everest – the planet’s highest mountain –
rears into jet-stream winds for much of the year; a significant obstacle for
mountaineers, they may exceed 300 kilometers per hour (186 mph). A wispy snow
banner off Everest’s tooth is a common signifier of the jet-battered summit.

…AND AIRMASS AND WINDS

WATER BODIES
Also affect weather and climate…
Just think of how much foggier it is in sea side
villages or how much windier it is on the shore of
a large body of water…

LARGE EXPANSES OF WATER, LIKE THE
PLAINS, ALLOW WINDS TO MOVE QUICKLY
AND BUILD UP MOMENTUM…

EL NINO AND LA NINA
HURRICANES
LAKE EFFECT SNOW OR
RAIN
HEAT TRAP AND
TRANSFER are all
affected by bodies of
water

WATER…

Water vapor is also an important gas to
consider when studying the atmosphere. The
amount of water vapor found in the air
remains constant on average, however, it
can vary greatly from one place to another.
Some parts of the Earth are prone to high
humidity levels, while other locations have
very dry air.
Much of what we consider weather is
caused by water vapor. The clouds in the sky
are largely made up of it, and it is the
condensation of this vapor into droplets that
creates rain and snow. Water vapor also has
a significant impact on temperature.

IN CONCLUSION…

NEXT CLASS…
Fronts and clouds…

