
Hydrosphere



Hydrosphere

The layer of water on the Earth:

Includes liquid and solid forms

Saltwater

Freshwater

Ice (Cryosphere; freshwater)

Gases technically belong to the 
atmosphere

71% of the Earth’s 

surface is water!



Water with very low salt content

Water found in lakes, marshes, rivers, 

streams, etc.

Glaciers and icebergs are also made of 

freshwater!

The only type of water that land animals 
(and plants) and freshwater organisms 

can drink

Freshwater





Water with significant amounts of 

salt and minerals in it (more than 3%)

The type of water found in seas, 

oceans and estuaries (where 

saltwater and freshwater meet)

Saltwater







97.5

2.5

21

79



Hydrosphere can be split into three key 

categories

1. Inland waters and watersheds

- Freshwater sources

2. Oceans 

- Saltwater sources

3. Cryosphere 

- “Frozen water”

- Freshwater sources



Freshwater! Salt water!

Salt water!



Inland Waters



Inland waters and watersheds

Inland waters are 

freshwater on continents, 
which includes:

Lakes 

Rivers 

Groundwater





Catchment Areas (Watersheds)

Watersheds/catchment areas are 

areas where inland waters drains into a 

larger body of water, which eventually 

flows into an ocean

Remember:

Water flows downhill! From areas of 

high altitude to low altitude





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.



Factors affecting flow in watershed

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



Oceans 

../../Sec 4 ST videos/grade 10 videos/living world/Finding Nemo - Mr. Ray.mp4


Oceans overview

Covers approx. 70% of Earth’s surface

5 oceans (3 of which surround Canada)

Arctic, Atlantic, Pacific, Indian and Southern

Divided by continents

Waters moved by currents; surface and 

sub-surface

Key parameters concerning oceans: 

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

Deeper you go = less

sunlight = gets colder



Ocean Temperature

3 key factors affect it

2. Seasons

Warmer in summer; colder in winter

3. Latitude

Warmer at equator, colder at poles



Salinity

The measure of salt dissolved in a liquid

Average salinity of oceans between 3.4%-

3.7%

2 key factors affect it

1. Melting pack ice and icebergs

Less saline due to dilution

2. Heat and drought

More saline due to evaporation



Melting of Pack Ice /Iceberg – Example 

Pour 0.3 L of water into beaker
Dissolve 6g of salt into beaker
Place 3 ice cubs into beaker



𝐶 =
𝑚

𝑉

𝐶 =
6𝑔

0.3 𝐿

𝐶 = 20 𝑔/𝐿

Melting of Pack Ice /Iceberg – Example 



𝐶 =
6𝑔

0.4 𝐿

𝐶 = 15 𝑔/𝐿

Melting of Pack Ice /Iceberg – Example 

𝐶 =
𝑚

𝑉

𝐶 =
6𝑔

0.3 𝐿

𝐶 = 20 𝑔/𝐿



Evaporation of Ocean Water– Example 

Pour 0.3 L of water into beaker
Dissolve 6g of salt into beaker



Evaporation of Ocean Water– Example 

𝐶 =
𝑚

𝑉

𝐶 =
6𝑔

0.3 𝐿

𝐶 = 20 𝑔/𝐿



Evaporation of Ocean Water– Example 

𝐶 =
6𝑔

0.2 𝐿

𝐶 = 30 𝑔/𝐿

𝐶 =
𝑚

𝑉

𝐶 =
6𝑔

0.3 𝐿

𝐶 = 20 𝑔/𝐿



Ocean Currents

The movement of seawater in particular 

directions

Two types

Surface: wind driven, causes horizontal movement 

Result of the rotation of the Earth

Subsurface: density driven due to temperature and 

salinity differences (800m+)

Dense water :

cold water

water with high salinity



Surface Ocean Currents



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



Ocean Circulation

How it works:

In polar regions, cold dense surface water 

sinks to the bottom of the ocean floor and 

travels along the ocean floor

When it gets to warmer regions (such as 

the equator) the warmer less dense water 

is heated and rises back up to the surface. 

Then the warm water travels along the 

surface



Thermohaline Circulation



Summary

Water which is more salty will sink

because it is denser. 

Water which is less salty will rise

because it is less dense.

When water evaporates the ocean 

will become more salty. When it rains

the water becomes less salty.

Salt comes from the erosion of rocks. 



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.



Cryosphere
(Still freshwater)



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



Pack Ice

Ice floating on oceans near the North and 

South poles

Climate change responsible for drastic 

decrease in pack ice area



Glacier

Mass of ice on land formed by 

compressed snow



Iceberg

Ice broken off from glaciers that fall 

into the sea



Icebergs, Ice Floes and Glaciers

Ice floes do NOT affect sea level, but 

icebergs DO. 

Both affect the salinity content of the 

water.

Glaciers also affect both sea level 

and salinity







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

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.



The Hydrosphere and Energy



Hydroelectric Energy 

Energy derived from moving water

Kinetic hydraulic energy converted 

into electrical energy (energy 

transformation)

All hydroelectric energy sources are 

renewable



Hydroelectric Energy

Two main sources

1. Hydroelectric Dam

2. Underwater Ocean Turbine (still 

experimental-not in wide 

use…yet!)

Also:

- Tidal Dam (rare – not in wide use)



Hydroelectric Dam

Majority of Quebec’s electrical energy 
comes from hydroelectricity

Forces the movement of water (kinetic 
energy) to turn turbines, with the purpose of 
transforming it into electrical energy

Pros: Very little GHG; relies on a renewable 
resource

Cons: Destroys ecosystems when developing 
reservoirs and bypassing rivers





La Grande-1 Generating 

Station
James Bay Project



Underwater Ocean Turbine/ Tidal Stream 

Generator

Like a wind turbine, but underwater

Underwater ocean currents (kinetic energy) turn 

turbines, with the purpose of transforming kinetic 

energy into electrical energy

Pros: No GHG produced, renewable resource, 

potential is huge for developing electricity

Cons: Only works in certain areas of the world, still 

experimental, marine impact still being studied



Sea Gen

World’s first large scale commercial Tidal Stream Power Generator

Strangford Lough, Northern Ireland 

Blade up for repair 



Sea Gen

World’s first large scale commercial Tidal Stream Power Generator

Strangford Lough, Northern Ireland 

Image of turbine with blade submerged



Tidal Dam

Similar in concept to hydro dam, yet runs on the 

tidal range of ocean water

Tides are caused by the gravitational force 

between the Earth and the Moon

Water facing moon = attracted to moon = high tide

Water on other side of Earth away from moon = high 

tide

Water perpendicular to moon = low tide

Difference in height between high and low tide = 

tidal range





High TideHigh Tide

Low Tide

Low Tide



Tidal Dam

High tide causes basin to fill. 

When low tide begins, gate opened, channeling 
water towards turbine, transforming kinetic 
energy of moving water into electrical energy.

Pros: No GHG produced, uses renewable resource

Cons: Only works in certain areas of the world 
(need a substantial tidal range), can be a trap for 
marine life


