
Earth and Space



Notes: Atmosphere



Atmosphere

• The layer of gas surrounding the Earth

– Breakdown:

• Nitrogen (~79%)

• Oxygen (~21%)

• Argon, CO2, methane, ozone, water, nitrous 

oxides, sulphur dioxide, etc…



Gases in the Atmosphere



The Greenhouse Gas Effect
• Responsible for retaining the sun’s heat

– No GHG, the Earth would be cold and nearly 

lifeless

• Average temp.  On Earth with GHG: 15°C

• Average temp. on Earth without GHG: -18°C



What are the GHGs?

• Main greenhouse gases:

– Carbon dioxide CO2

– Methane CH4

– Water vapour H2O

– Nitrous oxides NxO

– Ozone O3



How it works

• Solar energy passes through atmosphere and does 

one of two things

1. Is absorbed by surface of the Earth

2. Is reflected back up into the atmosphere

• The reflected energy can do one of two things

1. Energy radiates back towards outer space

2. GHG absorb reflected radiation from Earth’s surface. 

GHG trap heat in atmosphere and re-radiate it on surface 

of Earth

The reflected radiation is responsible 

for making the Earth’s surface 

warmer than it should be!



Climate Change
• Build-up of GHG prevents more and more of the 

solar energy from being reflected back to Earth’s 
surface

– causing it to warm up too much!

• Problem? 

– Causes major changes in multiple different “spheres”
1. Decreases in ice cover (hydrosphere)

2. Sea level rise (hydro/lithosphere)

3. Changes in precipitation (atmo/hydrosphere)

4. Increase of smog (atmosphere)

5. Increase of temp. variability (atmo/lithosphere)

6. Species Extinction (biosphere)

7. Rearranging species dispersal (biosphere/lithosphere)



Example Questions- GHG

1.  Which of the following gases does not 

contribute to the greenhouse effect?

A) CO2

B) CH4

C) NO2

D) SO2



Example Questions- GHG

Which of the following statements about the Greenhouse effect is 

true?

A) An increase in greenhouse gases in the atmosphere leads to an 

increase in the amount of heat that escapes into space.

B) A decrease in greenhouse gases in the atmosphere leads to an 

increase in the amount of heat that escapes into space.

C) An increase in greenhouse gases in the atmosphere leads to an 

increase in the amount of solar radiation that will enter the 

atmosphere.

D) A decrease in greenhouse gases in the atmosphere leads to an 

increase in the amount of solar radiation that will enter the 

atmosphere.



Example Questions- GHG

Which of the following does not contribute to 

the formation of greenhouse gases?

A) Decomposition of waste in landfills

B) Burning of fossil fuels

C) Melting of the permafrost

D) Photosynthesis in plants



Notes: Hydrosphere



Hydrosphere

• The layer of water on the Earth:

– Includes liquid and solid forms
• Saltwater 

• Freshwater

• Ice (Cryosphere; freshwater)

– Gases technically belong to atmosphere





Freshwater

• Includes:

– Lakes

– Wetlands

– Rivers

– Groundwater

– Watersheds/catchment areas
• Areas where water drains into one larger body of 

water





Factors affecting flow in 

watershed
1. Topography

– Shape, slope and terrain of the area

2. Geology

– Type, depth and structure of surrounding rock

3. Climate

– Amount of precipitation, temperature, winds, 

etc.

4. Vegetation

– Density and diversity of plant life

5. Development

– Agricultural, Industrial and Urban



Example Question-

Catchment Area
Which of the following does not affect the 

flow of water into a catchment area?

A) Depth and latitude of the water reservoir

B) Industrial and urban development

C) Shape and slope of the terrain

D) Density and diversity of the vegetation



Cryosphere

• All the frozen water on Earth

– Pack ice (ice floes)

• Ice floating on oceans near the poles

• Hugely affected (melting) by climate change

– Glaciers

• Masses of ice on land (compressed snow)

– Icebergs 

• Large chunks of ice that break off from glaciers 

and fall into the ocean



Cryosphere

• All the frozen water on Earth

– Pack ice (ice floes)

• Ice floating on oceans near the poles

• Hugely affected (melting) by climate change

– Glaciers

• Masses of ice on land (compressed snow)

– Icebergs 

• Large chunks of ice that break off from glaciers 

and fall into the ocean

Note: While snow is a key form of 

frozen water, it is not taken into 

account because snow (besides 

that found in glaciers) melts from 

season to season



Cryosphere – Environmental 

Impacts
• Melting = decreased salinity = change 

in density differences

– Could affect thermohaline circulation

• Melting = increased ocean water levels 

= flooding of small islands and coastal 

areas



Cryosphere – Environmental 

Impacts
• Melting = decreased salinity = change 

in density differences

– Could affect thermohaline circulation

• Melting = increased ocean water levels 

= flooding of small islands and coastal 

areas

NOTE: melting glaciers leads to 

sea level rise

Melting pack ice DOES NOT since 

pack ice (ice floes) are already in 

the water



Example Questions-

Pack Ice and Glaciers
Which of the following is true about glaciers 
and pack ice?

A) Both glaciers and pack ice are formed on 
land.

B) Both glaciers and pack ice are formed on the 
ocean’s surface. 

C) Both glaciers and pack ice contain 
freshwater.

D) Both glaciers and pack ice form icebergs.



Saltwater

• Oceans:

– Cover approximately 70% of the Earth’s 
surface

– 5 oceans:
• Arctic, Atlantic, Pacific, Indian and Southern

– Water in oceans moved by currents
• Surface and sub-surface

– Affected by: temperature and salinity



Ocean Temperature

• 3 key factors affect it

1. Depth

• Water temperatures relatively consistent for first 

200m, then drop drastically in the thermocline

2. Seasons

3. Latitude

• Closer to equator vs 

Closer to the poles



Salinity

• The measure of salt dissolved in a liquid

• Average salinity of oceans between 

3.4%-3.7%

– Less saline at poles due to melting pack 

ice/glaciers

• Remember glaciers are freshwater

– More saline in hot/drought areas due to 

evaporation

• Salt does not evaporate



Ocean Currents

• The movement of seawater in particular 
directions

• Two types

– Surface: wind driven, causes horizontal 
movement (0-400m) – rotation of the Earth

– Subsurface: density driven due to 
temperature and salinity differences (800m+)

• Dense water :

– cold water

– water with high salinity



Ocean Circulation

• Combined efforts of all ocean currents 

moving water across the globe

• Thermohaline circulation is the 

combination of surface and subsurface 

currents

– Transfers hot and cold water around the globe

• Responsible for reducing temperature differences 

between equator and the poles

Thermo = heat

Haline = salty



Example Questions-

Ocean Circulation
Different factors can affect the circulation of surface 

currents and deep currents in the ocean.

1.  Temperature differences in the water

2.  Air pressure differences in the atmosphere

3.  Differences in the waters’ salinity

4.  The rotation of the Earth

5.  The depth of the water

Which of the factors above only affect surface currents?

A) 1 and 3 only B) 2 and 4 only

C) 1, 3 and 5 D) 2, 4 and 5



Example Questions-

Ocean Circulation
1.  Which of the following statements concerning thermohaline circulation is 

true?

A) Thermohaline circulation allows for the heat accumulated in ocean water at 

the Polar Regions to circulate to the Equatorial Region.

B)  Thermohaline circulation allows for the heat accumulated in ocean water at 

the Equatorial Region to circulate to the Polar Regions.

C) Thermohaline circulation can be compared to a conveyor belt which moves 

warm and cold air masses around the Earth.

D) Thermohaline circulation can be compared to a conveyor belt which moves 

warm and cold freshwater systems around the Earth.



Tides

• High and low tides occur due to Earth’s 

attraction to the moon

– At any time during the day there are 2 high 

tides and 2 low tides due to the rotation of the 

Earth

• Where the Earth is closest to the Moon, water is 

pulled towards the Moon, forming high tides

• Where the Earth is furthest from the Moon, Earth is 

pulled toward the moon more strongly than water, 

also creating high tides 



Tides



Notes: Lithosphere



Lithosphere

• We need the lithosphere for:

– Minerals

– Habitat

– Natural resources 

– Building materials

– etc



Permafrost

• Ground whose temperature has been 0⁰C 

or lower for at least two years

– Active Layer: small portion of ground which 

thaws during summer

• Re-freezes during the winter

• Supports limited plant growth (tundra vegetation)



Issues with Permafrost

• Agriculture is impossible

• Mining is severely hampered

• Construction of buildings needs to take 

into account frozen soil 



Issues with Permafrost

• Climate change is causing permafrost to 

“thaw”

– Causing destruction to buildings (land is 

sinking/changing shape)

– Releasing large concentrations of methane 

into the atmosphere (a major GHG)



Impact of thawing permafrost

• Increase CO2 and CH4 being released 

from soil

• Increased soil instability (landslides / 

sink holes)

– Damage to infrastructure 

– Damage to landscape



Example Question-

Permafrost
Global temperatures have been increasing at a steady rate. 

Ecologists have been hired to study the impact of 

increasing temperatures on a region in Northern Quebec.

Which graph below correctly shows the consequence of a 

rise of temperature in the region? Explain your answer.



Biosphere

• Biosphere:

– All living things on our planet and their 

interactions with each other as well as the 

other spheres



Notes: Energy and Cycles



Energy Types

• From Atmosphere:

– Solar

– Wind

• From Lithosphere:

– Fossil fuels

– Nuclear

– Geothermal  

• From Hydrosphere:

– Hydroelectric

– Tidal 



Renewable Resources Non-Renewable Resources

Geothermal Energy → Derived

from lithosphere

Fossil Fuels → Derived from 

lithosphere

Hydroelectric Energy → Derived

from hydrosphere

Nuclear Energy → Derived from 

lithosphere

Tidal Energy → Derived from 

hydrosphere

Solar Energy → Derived from 

atmosphere

Wind Energy → Derived from 

atmosphere



Non-Renewable Resources

Burning of Fossil Fuels (coal, natural gas, 

oil)

- Carbon based substances burned to 

produce heat; boils water

- Boiling water turn turbine

- Turning turbine produces electricity

**Produces GHGs

Chemical → Thermal → Kinetic → Electric



Non-Renewable Resources

Nuclear Energy

- Splitting of atom to release ↑ amount of 

E, heats up water

- Boiling water turn turbine

- Turning turbine produces electricity

**Nuclear waste radioactive; doesn’t 

produce GHG so considered “clean”

Nuclear → Thermal → Kinetic → Electric



Renewable Resources

Geothermal Energy

- Use Earth’s internal heat to boil H2O

- Boiling water turns turbine

- Turning turbine produces electricity

**Can’t use technology everywhere, 

Doesn’t produce GHG

Thermal → Kinetic → Electric



Renewable Resources
Hydroelectric Energy

- Use movement of water to turn turbine

- Turning turbine produces electricity

**Can’t use technology everywhere (need 

large enough body of water), Damages 

ecosystem

Kinetic → Electric



Renewable Resources

Tidal Energy

- Use movement of underwater currents 

to turn turbine

- Turning turbine produces electricity

**Can’t use technology everywhere (need 

large enough tidal range), damage to 

marine life a possibility

Kinetic → Electric



Renewable Resources

Solar Energy

- Use infrared radiation from the sun to 

produce energy

- Photon hits photovoltaic cell, causes 

electrons to move

- Moving electrons = electricity

**Sun not always consistent, Can 

be stored

** Radiation → Electric **



Renewable Resources

Wind Energy

- Use movement of wind to produce 

energy

- Wind causes turbine to turn

- Turning turbine produces electricity

**Wind not always consistent, Can’t 

store, considered ugly

Kinetic → Electric



Example Questions-

Energy Resources
A community in Gaspé is researching the 

environmental impact of two different energy 
technologies: a tidal power plant and a coal 
power plant.

For each of the energy resources the 
community is considering, state:

• the energy source as renewable or non-
renewable

• the main environmental impact for each 
type of energy



Carbon Cycle

• Cycling of C in the four spheres 

(atmosphere, hydrosphere, lithosphere 

and biosphere)

• C is found in both biotic systems (living 

organisms) and abiotic systems (non-

living organisms)



Carbon Cycle

CO2 released
CO2 absorbed



Carbon Cycle
• Things which put C into atmosphere

• Respiration

• Decomposition

• Burning of fossil fuels/Forest Fires

• This which take C out of atmosphere

• Photosynthesis and Ingestion

• Formation of shells (water)

• Formation of fossil fuels (takes millions of years)

• Formation of carbonic rock (water)



Example Questions- C Cycle

1.  Which of the following processes does 

not cycle carbon dioxide (CO2) back into the 

atmosphere?

A) Photosynthesis

B) Decomposition of waste

C) Forest fires

D) Volcanic eruptions



Example Questions- C Cycle

2. Photosynthesis is the process by which 

plants…

A) Release CO2 into the atmosphere

B) Turn CO2 into sugar

C) Turn sugar into energy

D) None of the above


