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Science 1206
Unit 1: Weather Dynamics
















Name: _______________________





THINK ABOUT:
· What is the weather?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________

· How does the weather influence our daily lives?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________

· Is the weather more important to some people more than others? Explain.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________

Review  Weather Kahoot!

SECTION 1.1
THE ATMOSPHERE: ENERGY TRANSFER AND PROPERTIES (page 10) 

EARTH’S ENERGY BUDGET (PAGE 13)

[bookmark: _Hlt102802873]Radiation
· The transfer of energy by means of waves.
· It can travel in a vacuum therefore no particles are required.
· Visible light is one form of radiation that reaches us from the sun via empty space. Other waves from the electromagnetic spectrum are microwaves, X-rays, and infrared waves.
· Solar energy travels from the Sun, through the emptiness of space, to the Earth.

[image: http://physics.phillipmartin.info/electromagnetic_spectrum.gif]

· INCOMING AND OUTCOMING RADIATION (PAGE 14)

[image: ]

[image: ]


About 50 percent of the solar energy that enters Earth’s atmosphere is
absorbed by the land (lithosphere) and ocean (hydrosphere). 

About 50 percent is absorbed, reflected, and scattered by clouds, gases, and aerosols in the atmosphere. (Aerosols are very fine particles the atmosphere.) 
· Clouds and Earth’s surface reflect solar energy back into space.
· Dust particles and gases such as water vapour scatter sunlight, resulting
in a blue daytime sky and a reddish-orange sky at sunset. 


· FACTORS AFFECTING ABSORPTION OF ENERGY (PAGE 14)

· Activity 1-1E: Albedo and Surfaces (page 23)

Albedo 
The reflectivity of a surface—how much energy it reflects—is known as its albedo.

The colour of a surface affects the amount of energy it will absorb. 
· Low albedo  Dark surfaces absorb energy (ex. asphalt) 
· High albedo  Light surfaces reflect energy (ex: snow bank) 5% of radiation is reflected by land and sea surface

· Activity 1-1F: Heat Sinks (page 24)


Heat Capacity
The type of substance is another factor that affects energy absorption.
Different substances absorb energy at different rates. 

Heat Source
· Any warm body such as water or land in contact with colder air.
· Recall that heat is transferred from a warm object to a cooler one.

Heat Sink
· An object that absorbs energy and becomes warmer
· Water and air are the earth’s major heat sinks since they can hold a lot of heat.







Heat Capacity
· A measure of:
How much heat is required to increase the temperature of a substance.
OR
How much heat is released as the temperature decreases.

· Indicates whether a substance is a good heat sink or not.
· Ex: Soil and rock are poor heat sinks so they will have a low heat capacity
· EX: Water is a good heat sink therefore it has a high heat capacity.

Water and the Weather
Water has a much higher specific heat capacity than land and air.
Because there is so much water on Earth, and water is such a good heat sink, water has a great influence on weather. For example, because they are so close to large bodies of water, coastal locations generally have cooler summer weather and milder winter weather than inland locations. 

[image: ]

Why is Badger colder in the winter than Springdale?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
· Keeping in the Heat
Why doesn’t thermal energy just radiate into space at night, cooling off Earth when the Sun sets? 

Greenhouse gases (water vapour, carbon dioxide, methane) absorb infrared radiation before it leaves earth surface and releases energy back to the Earth’s surface. This radiation warms the surface and the atmosphere before it is eventually lost to outer space. Therefore, the greenhouse gases in Earth’s atmosphere act as a heat sink. They cause the troposphere—where weather occurs—to retain more heat than it would if these gases were not present.

[image: Image result for earth's greenhouse effect]







· 
Thermal Energy Transfer by Conduction, Convection, and Radiation (page 16)

Heat is defined as thermal energy that is transferred from one object to another.
Heat can be transferred in three ways:
1. Radiation (discussed previously) 
2. Conduction is the transfer of thermal energy between two
substances that are in direct physical contact. The energy always moves
from a substance with a higher temperature to the substance with a lower
temperature. 
3. Convection is the transfer of thermal energy by the vertical 
movement of heated material from one place to another. 

[image: ]
Figure 1.6 All three methods of thermal energy transfer are represented here.
Explain How do conduction, convection, and radiation transfer thermal energy when a pot of water being heated on a stove?
17

[image: ]
· After the land and water absorb solar energy, molecules from the land
and water collide more frequently with molecules in the air that are close
to the surface.
· These collisions transfer energy from the surface to the air by conduction.
· Then convection occurs as air circulates and distributes the heat. As the
lower layer of the air warms, it expands, becoming less dense. Recall that
less-dense fluids (gases and liquids) rise, and more-dense fluids fall. As
the cooler air falls, it takes the place of the rising warmer air.



Convection
· The transfer of energy vertically by movement of particles in a fluid (particles that flow such as water or air).

Advection
· The transfer of energy horizontally by movement of particles in a fluid (particles that flow such as water or air).







· The Role of Water in Transferring Energy in the Atmosphere (page 21)

The Water Cycle
· the means by which heat energy is transferred between the hydrosphere and the atmosphere
· the processes involved include evaporation (l → g), condensation (g → l), sublimation (s → g or g → s), precipitation, percolation and runoff

Steps:

1. Solar energy causes evaporation from bodies of water and from plant leaves (transpiration) as well as sublimation of ice.

2. The water vapor (gas) rises and as pressure and temperature decrease with increasing altitude, the vapor undergoes condensation to form fog, mist and clouds
and/or sublimation into ice crystals

3. Precipitation falls to the surface in the form of rain, snow, etc.

4. Water seeps into the ground (percolation), and enters bodies of water as runoff from land.	
The Cycle Continues!

[image: http://www.cotf.edu/ete/images/modules/msese/earthsysflr/EFCycleP3.gif]



















Energy Changes During Phase Changes

[image: ]

[bookmark: _Hlt102805217]Latent Heat
· A measure of the attraction between particles in a substance.
· Ex: when changing state from a solid to a liquid to a gas attractions must be overcome.








Latent means ‘hidden’. When a substance changes state,
the substance either absorbs or releases energy without
changing temperature. A substance will have its own
specific latent heats of fusion and vaporization constants.
Vaporization requires more energy than Fusion.




Latent Heat of Fusion (Melting)
· The amount of energy that must be absorbed by a substance in order to melt (bonds are broken between particles).

· Freezing is the opposite of fusion (melting). The same amount of energy is released in order for water to freeze (attractive forces and bonds formed).

Latent Heat of Vaporization (Evaporation):
· The amount of energy that must be absorbed by a substance in order to evaporate (bonds are broken).

· Condensing is the opposite of evaporating. The same amount of energy is released in order for water to condense (attractive forces and bonds formed).



[image: Related image] 









Complete the diagram of the water cycle

[image: C:\Users\Owner\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\82CF3721.tmp]





Section Review (page 25): 	#’s 4, 5, 6, 10, 11 











SECTION 1.2
THE CAUSES OF WEATHER (page 26) 

Air mass: a very large mass of air that has the same properties, such as humidity and temperature, as the area over which the air mass forms.

An air mass results when the air over a warm surface is heated by conduction and rises because it is less dense than the surrounding air. This process can take place over thousands of square kilometres for days or weeks. 
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· High Pressure Systems (page 27)

How do they form?
1. An air mass cools over an ocean or a cold region on land
2. As the air mass cools, particles in the air lose kinetic energy, and the air becomes more dense. 
3. The air mass contracts, pulling down air from the upper troposphere
4. The added weight of the extra air increases atmospheric pressure.
5. Wind results when air moves from an area of higher pressure to lower pressure (moves clockwise in the Northern Hemisphere). 

High pressure systems often bring warm, dry air and clear skies. 

[image: ]







· Low Pressure Systems (page 27)

Low pressure systems often bring wet weather. 

How do they form?
1. An air mass warms over land or water. 
2. As the air mass warms, particles in the air gain kinetic energy, and the air becomes less dense, expands and rises. 
3. The warm air cools as it rises, producing clouds and precipitation.  
4. The low-pressure area pulls in air from high-pressure areas, resulting in wind (moves counter-clockwise in the Northern Hemisphere). 
[image: ]




· Fronts (page 31)

Front: the boundary between two air masses. 

A front may be several hundred kilometres wide and thousands of kilometres long.

Each air mass has its own temperature and pressure. These conditions
change at the front. An approaching front means a change in the weather,
and the extent of the change depends on the difference between conditions
in the air masses. 

· Cold, dense air, will slide under warmer air, bringing cooler temperatures and dry weather. 
· Warm air at the front is displaced by denser cold air. The warm, moist air rises. As it cools, water vapour in the air condenses, forming clouds. Under the right conditions, the condensed water vapour will fall to Earth’s surface as precipitation.
[image: C:\Users\Owner\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\6B219714.tmp]
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· Surface Currents in the Ocean (page 32)
Like wind, ocean currents also move thermal energy around Earth.
Surface currents are created by wind.

[image: ]


The warm-water currents near the equator carry warm, tropical water to higher,
colder latitudes. For example, the warm Gulf Stream moves thermal energy
toward the north pole in the north Atlantic Ocean.

The cold-water currents near the poles, carry cold water from higher latitudes to tropical regions.

Ocean currents affect the weather of a region. For example, the Gulf Stream brings warm, moist air to the coast of the province, resulting in warmer temperatures in the winter than those experienced inland in Canada. For example, the average low temperature in January in St. John’s is −8°C. Compare that to the average low temperature of −14°C in January in Ottawa.

HOW DOES THE LABRADOR CURRENT AFFECT WEATHER IN NL?

________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________
· Deep Ocean Currents (page 33)

Deeper ocean water moves as a result of differences in the temperature and the salt content of water. 

· Colder water is denser than warmer water. 
Colder water sinks and displaces warmer water around it. 
· Saltier water is denser than water that is less salty. 
Saltier water sinks and displaces the less salty water around it. 

Both of these motions produce a massive system of deep-water currents called the great ocean conveyor belt. 

[image: ] 

Extreme Weather
Due to the patterns of air and ocean currents that move over and around
Newfoundland and Labrador, the province experiences extreme weather,
including thunderstorms, hurricanes, nor’easters, blizzards, and even
occasional tornadoes.

EXTREME WEATHER ASSIGNMENT 

Section Review (page 39):
	#’s 1, 3, 8 
TEST TIME 
CHAPTER 2: WEATHER, CLIMATE CHANGE, AND SOCIETY (page 42)
SECTION 2.1
MEASURING WEATHER DATA (page 44) 

[image: ]
MEASURING THE COMPONENTS OF WEATHER (PAGE 44)
Meteorologists collect data on temperature, wind speed and direction, humidity, air pressure, precipitation, and other components of weather. These components, and how they are measured, are discussed in more detail in the table below. 

	Weather Component
	How It Is Measured
	Example

	Air Temperature
• the average kinetic
energy of molecules
in air
	Thermometer 
	[image: ]

	Precipitation
• water, in liquid or
solid form, that falls
from the atmosphere;
includes rain, snow,
hail, sleet, and fog
	Rain gauge
	[image: ]

	Atmospheric Pressure
• the force that a
column of air applies
on the air or a surface
below it
	Barometer
	[image: ]

	Relative Humidity
• amount of water
vapour in the air
compared to the
maximum amount of
water vapour in the air
at that temperature
	hygrometer
	[image: ]

	Wind Speed
and Direction
• Wind speed is the
speed at which air is
moving through the
atmosphere parallel to
Earth’s surface.
• Wind direction is the
direction from which
wind originates.
	Anemometer (speed)
Direction (wind vane)
	[image: ]










WEATHER OBSERVATION SYSTEMS (PAGE 46)
Meteorologists use a variety of observation systems and technologies.  

These include weather balloons, radar, and satellites.  

Weather Balloons
Weather balloons incorporate weather instruments into an observation system that is sent high into the atmosphere. These measurements are taken by a radiosonde, shown in Figure 2.2. A radiosonde’s instruments measure atmospheric conditions, such as temperature, pressure, and humidity. A radio transmitter continuously sends these data back to radio receivers on the surface. Additionally, by tracking the balloon itself, meteorologists gather data on wind speed and direction. 
[image: ]








[image: Image result for weather balloon]



Weather Radar

















The most advanced and widely used technology today, however, uses indirect methods of observing atmospheric conditions. Remote sensing technology has the ability to collect data from a distance. It does so without actually being in physical contact with the object being observed. Examples of remote sensing technology include weather radar and weather satellites.

[image: ] [image: ]

Weather Radar
Radio waves sent out by weather radar are reflected by rain, snow, hailstones, or other objects in the air. The heavier the precipitation is, the greater the amount of reflection. The reflected signals are interpreted and converted into images that show the location and intensity of precipitation. 

Because radar can penetrate clouds to see if precipitation is forming, its main function is to detect precipitation.


[image: ]  

A special radar technology called Doppler radar also determines whether the objects it detects are moving away from or toward the radar antenna. It can also measure their speed. This enables meteorologists to calculate the direction and speed of a weather system. 

Doppler radar is used to show the geographical extent, the intensity, and the movement
of precipitation. It is an especially helpful early warning system for approaching storms.

[image: ]

Weather Satellites
Weather satellites contain specialized remote sensing technology that has been launched into orbit around Earth. The technology on these satellites monitors the atmosphere near Earth, and it helps meteorologists understand the development and movement of weather systems.

For instance, as shown in Figure 2.5, satellite images can show cloud cover. This could
[image: ]indicate the development of a front where two different air masses meet, or it could suggest the movement of a low pressure or high pressure system.




weather radar




SECTION 2.2
FORECASTING THE WEATHER (page 52) 

Weather Symbols and Maps
Weather conditions can be analyzed based on the movement of components that make up weather.
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Analyzing Weather Maps for Short-Range Forecasting (p. 55)
[image: ]











When interpreting weather conditions, predictions can be made based the movement of fronts, the location of isobars and the location of high and low-pressure systems.  Some facts to consider:
· increased precipitation is found at areas of low pressure
· clear, sunny skies are associated with areas of high pressure
· cooler temperatures are associated with northerly winds
· temperature is usually cooler at night
· wind speed is greater with closer isobars
· heavy precipitation with approaching fronts
· a front could be approaching when there is quick changes in temperature or pressure

How do meteorologists create short-range forecasts?

________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________

Investigation – Using Weather Maps for Short-Range Forecasting (page 58)

[image: ]

Long-range forecasting relies on computer-based statistical analysis of past weather and computer models of atmospheric circulation and behavior.
There are two main types of weather models, each with their own strengths and weaknesses.  High resolution models (GEM-REG, NAM) have more accuracy but only forecast in the short term and low resolution models (GEM-GLB, GFS) have less accuracy but forecast into the long term.

Why are long-range forecasts less accurate?

________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________

Section Review Questions on page 59: __________________________
SECTION 2.3
IMPORTANCE AND LIMITATIONS OF WEATHER FORECASTING (page 60) 

How has technology improved weather forecasting?

With the invention of weather related technologies, our scientiﬁc understanding of weather has changed:
· thermometers and anemometers have given rise to quantitative weather record-keeping
· barometers allowed scientists to connect lowering pressure with inclement weather 
· weather balloons informed scientists on atmospheric phenomenon
· radar allowed us to visualize weather systems on a larger scale
· infrared satellite imaging provided global heat maps which added to our understanding of global warming and climate change
· numerical weather models have allowed forecasters to predict the path of weather systems 
· buoy data has informed scientists of wave, current, salinity and temperature data

Why is it important for weather predictions to take place in a variety of settings?

________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________







Identify and explain sources of error and uncertainty in weather forecasting.

________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________




Some Canadian contributions to meteorology include:
· Canadian Space Agency contributions to the meteorological (MET) package of the Phoenix spacecraft (thermometer system, LIDAR)
· humidex (humidity index)
· UV index (ultraviolet index)
· Environment Canada’s numerical weather models
· Canadian Hurricane Centre
· Canadian Ice Service














Section Review Questions on page 67: __________________________


SECTION 2.4
CLIMATE CHANGE (page 68) 

[image: ]

How is weather different from climate?

Weather: 
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________

Climate: 
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________



Below shows a graph of the average global temperatures from 1880-2011.  
What do you notice?
[image: Image result for average global temperature graph degrees celsius]
· __________________________________________________________________
· __________________________________________________________________
· __________________________________________________________________


[image: ]


Earth’s temperature change has fluctuated in the past. However, this increase is occurring at a much faster rate now than it has in the past.

Although climate change can result from both natural causes and from human actions, scientists have shown that there is a connection between the changes in the concentration of carbon dioxide in the atmosphere and the changes in Earth’s surface temperature.

 This connection is shown in Figure 2.21B. Notice that as carbon dioxide levels have increased, Earth’s surface temperature has increased. When carbon dioxide levels decreased, Earth’s surface temperature decreased.


Monitoring Climate Change
How do we know what climate was like in the past
Scientists look at three main sources of information to learn about past climates: trees,
fossils, and ice cores. 

Tree Rings
As a tree grows, it adds two new layers of wood under its bark each year. These layers of wood are visible to us as tree rings. A light-coloured ring represents rapid spring growth, when growing conditions are more favourable. A dark-coloured ring represents slower summer growth, when conditions are drier and hotter. 
Fossils
The type of fossil in a certain place tells scientists what the climate must have been like there during that period. For example, a fossil of a tropical fish found in the rock of an Arctic island would tell scientists that climate for that island in the past was much warmer than it is now.

Ice Cores
Permanent ice fields in the Arctic and Antarctica have existed for hundreds of thousands of years. Each year, a new thin layer of ice is deposited. Each ice layer holds a record of what the atmosphere was like when the ice formed. This record of the past can be retrieved with special drills that take core samples from the ice.
· Dust and ash trapped in the ice indicate events such as volcanic eruptions
and forest fires. 
· Plant pollen tells the species of plants alive at the time. 
· Temperature and humidity can be inferred from the size and shape of the ice crystals. 
· Air bubbles trapped in the ice can be analyzed to show how much oxygen, carbon dioxide, and other gases were in the atmosphere at the time the ice formed.

How have human activities impacted climate change?  p. 71

________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________

The Effects of Climate Change (p.73-74)

· Melting sea ice is threatening the survival of species such as polar bears and posing a threat to the traditional way of life of the Inuit
· New food chains pose a threat to the diversity of life in our oceans.  The disappearance of sea ice is causing declining populations of tiny animals such as krill.  Warmer waters are forcing larger aquatic species to migrate.
· Warmer oceans are destroying coral reefs and slowing down ocean currents.  As currents slow, this will affect their ability to moderate climate for nearby land masses
· Rising sea level are forcing organisms, including humans, that live in low-lying coastal areas to find new homes
· As seawater warms, storms become more violent
· As climate changes, some organisms are able to adapt while other are not.  More than one million species worldwide may be endangered due to climate change
· Melting land ice, including glaciers and permafrost, is causing rising sea levels and soil to shift.  Houses will collapse and trees will tilt or fall over
· Desertification, or the spreading of deserts, is caused by a seasonal lack of rain and rising temperatures.  Desertification affects all living organisms as land cannot support crops, water supplies are diminished and habitats vanish.
· Heavy rainfall in other regions causes flooding
· Increased risk of Injury and illness to humans on account of extreme weather events

Section Review Questions on page 77: __________________________


Chapter Review Questions on page 78: __________________________
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