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Workshop Schedule 
 
 
Part I  Our Water System: where’s the water on planet Earth? 

 
Activity 1 – Where on Earth is the Water? 

 
 
Part II  What makes the oceans salty and why does it matter? 
 

Activity 2 – Weathering the continents to make salty oceans  
 
Activity 3 – Do fresh and salt water behave differently?  

 
 
Part III Global Warming and the Oceans 
 
 Activity 4 – Discussion “The Oceans and Global Warming” 
 
 

Activity 5 – What happens to ocean circulation when too much ice melts? 
          Part 1: Changing thermohaline circulation 
 
 Activity 6 – What happens to ocean circulation when too much ice melts? 
          Part 2: Sea level rise 
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Activity 1 – Where on Earth is the Water? 
 
What to do: 
1.  Students look at a world map or globe to identify where the water is on Earth.  
 

Q. Which water reservoirs are not visible on the map or globe? 
How do we know there is water in these ‘not so visible’ reservoirs e.g. air,    
soil? 

 
Q. What do you think is the relative distribution of water between all of these 
reservoirs? 

  
2.  Demonstrate the proportions of water in each of the ‘reservoirs’ by filling a 100ml 

graduated cylinder or other glass container to symbolize all of the Earth’s water. 
i.e. 97.25ml in the oceans, 2.05ml in glaciers (and ice caps) and the rest i.e. <1ml 
is the water in all the remaining reservoirs. 

 
 
Earth’s Water Reservoirs 
Reservoirs % of 

Earth’s 
water 

Volume of 
water (km3) 

Share of total 
volume of 
freshwater (%) 

Residence 
Time  

Oceans 97.25 1,370,000,000  3,160 years 
Ice caps and 
glaciers 

2.05 29,000,000   84.945 20-100years 
(glaciers) * 

Groundwater 0.68   9,500,000   14.158 100 -10,000 
years 

Lakes and 
Reservoirs 

0.01      125,000     0.549 50-100 
years 

Soils 0.005        65,000     0.294 1 to 2 
months 

Water Vapour  
Atmosphere 

0.001        13,000     0.049 9 days 

Rivers 0.0001          1,700     0.004 2-6 months 
Biosphere 0.00004             600   
   Total 99.996 1,408,700,000   99.999  
Note: You will find many different estimates of global water distribution and residence 
times 
 
* Residence time in longer in ice sheets, for example the oldest ice in the Antarctic Ice 
Sheet is 900,000 years old and in the Greenland Ice Sheet the oldest ice is 123,000 years 
old. 
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3.  Look carefully at the diagram of the Hydrologic Cycle to see how each of the  
‘reservoirs’ are linked and what the ‘pathways’ are for water to cycle within the 
Earth system. 

    
 
Some interesting things to note: 

• The hydrologic cycle is balanced i.e. average annual precipitation must equal the 
quantity of water evaporated.  

• Much of the water cycle happens in and to the oceans – Approximately 
434,000km3 of water evaporates from the oceans, while 80% of rainfall, 
398,000km3, falls into the oceans.   

• Rainfall on land flows back to the ocean either as groundwater (infiltration) or as 
runoff (on the land surface) – this erodes as it flows. Although much of the energy 
of this flowing water is dissipated as frictional heat, running water is the single 
most important agent that sculpts (erodes) the Earth’s land surface. 

• Plants are very important parts of the water cycle - each year a field of crops can 
transpire an amount of water equivalent to a layer 60cm deep over the entire field. 
The same areas of trees would pump twice this amount i.e. 120cm into the 
atmosphere. The estimate for evaporation of water from the land is a combination 
of evaporation and transpiration (evapotranspiration) as it is very hard to separate 
the relative contributions.   

• Notice how long water remains on average in each of the water reservoirs (Earth’s 
Water Reservoirs Table) 
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Activity 2 – Weathering the continents to make salty oceans 
 
Q. Why do you think the ocean is salty? 
 
What to do: 
1.  Experiment with samples of halite and limestone to see if they will dissolve in  

water. What did you observe? 
What happens if you add a tiny amount of acid to water and drop it on limestone? 

 
2. Examine the large rock samples provided. Some have been exposed at the Earth’s 

surface for a long time, others very recently. Can you tell which have been more 
recently exposed? What do you notice about each of these samples? A good field 
location to take students to observe weathering (especially to determine 
weathering rates) is any local graveyard. 

 
3. Weathering processes have acted on the rocks in a variety of ways:  

a. Some entire parts of the rock are dissolved 
b. for some rocks certain minerals dissolve out 
c. some rocks crumble and break apart 
d. some minerals turn into others e.g. clays or iron oxides 
e. some rocks have lichen etc growing on them 

 
What you are seeing are all the effects of weathering. Water is a very important 
contributor to weathering because it is an excellent solvent – this means it has a very 
strong attraction to surfaces on minerals, rocks and other materials which allows 
dissolution. This results in water containing a wide range of dissolved substances and 
nutrients (from a, b, d, and e). These dissolved constituents are carried to the ocean in 
rivers and groundwater and over time make the ocean salty. The other contributor to 
ocean salinity is submarine volcanism e.g. at hydrothermal vents.  
 
4. A good analogy for chemical weathering: 

Set up the coffee filter and observe what happens when you pour hot water 
through the filter. This is similar to what happens to rocks when water interacts 
with them.  
Q. What do you notice about the coffee grounds after the water has passed?  
Q. What happened to the water? 

 
Definition of Weathering: Weathering is the physical breakdown (or disintegration) and 
chemical alteration (or decomposition) of rocks IN PLACE i.e. at or near the Earth’s 
surface, by physical, chemical and biological processes.  
 
Q. Is the ocean getting saltier? 
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Dissolved Ions in River Water and Sea Water 
 
Dissolved Ion 
 

River Water ppm 
(parts per million) 

Seawater ppm 
(parts per million) 

Carbonate/bicarbonate 58.8 140 
Calcium 15 420 
Silica 13.1 <3.5 
Sulfate 11.3 2695 
Chlorine 7.9 19,250 
Sodium 6.3 10,710 
Magnesium 4.1 1295 
Potassium 2.3 385 
Iron 0.7 <3.5 
Aluminum 0.2 <3.5 
Nitrate 1.0 <3.5 
   Total    121ppm 

  (0.0121%) 
   35,000ppm 
    (or 3.5%) 
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Activity 3 – Do fresh and salt water behave differently?   
 
Q. What do we mean by freshwater or salt water? What about brackish water?  
 
They contain different amounts of dissolved ions as follows:  
 
 Fresh water: contains < 1000 ppm dissolved salts (e.g. tap water) 
 Brackish: contains  <5000 ppm dissolved salts (0.3 of a teaspoon of salt/cup) 

Salt water: e.g. typical ocean water contains approximately 35,000ppm dissolved 
salts, that’s 35kg of dissolved salts for every 1000kg of water (2tsp salt per cup of 
water) 
The saltiest water on the planet is in the Red Sea: it contains 257,000ppm 
dissolved salts (4tblsp salt for every cup of water) 

  
Q. Do you think differences in salinity will make a difference to how water behaves? 
 
What to do:  
I.  1. Each group makes up all of the solutions above in small plastic cups 

2. Once the salt has dissolved, try adding different objects to each cup. Do 
the objects float or sink? 

3. What do you notice? What is the relationship with salinity? 
4. Add a tiny amount of different food colouring to each cup. 

Try very gently pouring water from different cups into each other.  
What happens? 

 
What’s going on: Density varies with salinity – the saltier the water (i.e. the more 
dissolved substances it contains) the denser it is. Denser water is able to support heavier 
items than less dense water is. Denser water (higher salinity) also sinks beneath less 
dense (fresher) water.  
Water density also varies as a result of temperature – water which is the same salinity 
will be denser if it is colder.   
 
II. Design an experiment to show how water temperature affects density (think seawater, 
food colouring, ice cubes and a heat lamp). 
 
What’s going on: 

Circulation in the oceans is based on density differences associated with temperature 
and salinity in the oceans: Fresh water floats above saltier water and saltier water is 
denser and therefore sinks. This is the basis for the thermohaline circulation in the 
oceans (virtually the entire ocean is involved in slow thermohaline circulation, a 
process responsible for the vertical movement of ocean water and the circulation of 
the global ocean as a whole). It is critically important as it brings heat (from warmer 
equatorial areas of the oceans) to the polar regions.  
To see a good animation of this, check out http://www.cru.uea.ac.uk/cru/info/thc/. 
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Activity 4 – The Oceans and Global Warming 
  
 
Q. How is the Ocean involved in global change? 
 
What to do: 
Here are some potential discussion topics: Think about how these ideas could be modeled 
in the classroom or what kinds of activities students could do around each issue. 
 

1. To date, about one third of all human generated carbon emissions have 
dissolved into the oceans. When atmospheric CO2 combines with water it forms 
carbonic acid. This means that the oceans are getting more acidic. Higher 
acidity will prevent the formation of shells and skeletons of organisms such as 
zooplankton and corals.  

 
2. Warming oceans will dissolve less CO2 than colder water. Warming will 

therefore reduce the ability of the oceans to uptake CO2 from the atmosphere 
thereby amplifying the greenhouse effect. 

 
3. Increasing global temperatures will cause sea ice to melt. This will not only 

contribute to sea level rise, but it will also affect the albedo (ability of a material 
to reflect sunlight, ratio of outgoing or reflected solar radiation, to that of 
incoming radiation) of the oceans. Sea ice has a high albedo i.e. effectively 
reflects incoming sunlight (keeps the planet cool – acts like a natural air 
conditioner). Exposed seawater has a lower albedo i.e. absorbs a greater 
percentage of sunlight i.e. allows the planet to warm. 

 
4. As global temperatures increase, land and surface temperatures have increased at 

a rate of ~ 0.2oC per decade over the last few decades. Early models had 
predicted much greater rates of T increase that this. The ‘missing’ greenhouse 
warming was found to be in the oceans. Eighty % of the extra heat from global 
warming is absorbed by the oceans. The oceans have 1,100 times the heat 
capacity of the atmosphere (i.e. a heat reservoir that absolutely dwarfs the 
capacity of the atmosphere). WOCE (World Ocean Circulation Experiment) 
revealed that the depths of the oceans have warmed significantly since the 50s 
when previous experiments were done. The oceans can store large amounts of 
heat over short time spans. For example, if ALL the extra heat due to greenhouse 
warming were to be deposited in the deep ocean, it would take 240 years for it to 
rise 1oC.  the oceans therefore delay global warming.  

 
BUT we have a very inadequate system for monitoring deep ocean temperature 
changes (for one recent study there were 1200 US land sites for observing 
changing T, and only 3 equivalent sites in the deep ocean – which also had less 
frequent measurements). Canada has NEPTUNE – once we get the vertical 
sampling systems in place it will be amazing!  
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Thermal expansion of the oceans as they warm may also contribute to sea level 
rise.  

 
 
Estimated contributions to sea-level rise (1993-2003)." UNEP/GRID-Arendal 
Maps and Graphics Library. June 2007. UNEP/GRID-Arendal. 2 Nov 2010 
<http://maps.grida.no/go/graphic/estimated-contributions-to-sea-level-rise-
1993-2003 

 
 

5. As sea ice and glaciers melt, the ocean thermohaline circulation will change. 
See Activity 5  

 
6. As global (air and ocean) temperatures increase, glaciers, icesheets and sea 

ice are melting at increased rates   sea levels will rise. See Activity 6. 
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Activity 5: What may happen to ocean circulation when too much ice 
melts?   Part 1: Changing thermohaline circulation 

 
What you need: A transparent container (10cm or more deep), half to two thirds 

filled with sea water 
Lamp 
Ice blocks 
Food colouring  

Article  http://www.dfo-mpo.gc.ca/science/publications/article/2010/10-04-10-eng.html 
 
What to do: 

1. Have students read the article and discuss what is going on in the Arctic Ocean. 
Q. What is Jennifer Jackson studying? Q. How do scientists do this research? 

2. Half or two thirds fill the container with sea water. Add an ice block to one end 
and some blue food colouring. Place the heat lamp over the other end and 
carefully add some red food colouring.  

3. What happens? 
4. To simulate the addition of a lot of freshwater due to melting ice, add an 

additional quantity of freshwater (to which you have added lots of blue food 
colouring) to the cold end. 

5. Observe what happens. 
  

What’s going on:  
The thermohaline circulation system transports the ocean’s heat from the equator to 
the poles. Normally winter cooling of surface water at the poles causes deep vertical 
mixing as salty water cools and becomes dense enough to sink to the bottom of the 
ocean. This makes room for warmer water from the equator to circulate towards the 
poles for cooling. In the process much heat is released to the atmosphere.  You will 
have seen something like the thermohaline circulation in step 1. To see a good 
animation of this take a look at http://www.cru.uea.ac.uk/cru/info/thc/ 
 

What you observed in Step 3 was the water at the poles becoming too fresh, so that it 
no longer sank as it cooled. We basically stopped or slowed down the thermohaline 
conveyor belt. Only a shallow surface layer of water circulates and provides much 
less heat to the atmosphere.  

 
Did you know?  
This situation has happened in the past. We know this from fossils in ocean floor 
sediments. Around 13,000 years ago, large quantities of  freshwater from melting glaciers 
shut down the thermohaline circulation in the North Atlantic. It had huge consequences 
for the Northern Hemisphere basically returning much of it to glacial conditions for 1000 
years. The data show that it happened rapidly – in only a decade or two. 
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Figure 3. The influence of salt content (salinity) on the process of deep 
convection. Normally, winter cooling at the surface causes deep vertical 
mixing which releases much heat to the atmosphere (left). When fresher 
water lies at the surface because of rain fall or ice melt, the deep convection 
is prevented and only a shallow surface layer provides heat to the air above 
(right). Thus, salinity is now considered a key variable for climate studies. 
(Illustration by Jack Cook, WHOI) 

 
From http://www.whoi.edu/page.do?pid=12455&tid=282&cid=10146
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Activity 6: What happens to ocean circulation when too much ice 

melts?   Part 2: Sea level rise 
 
What you need: A frozen block of ice – freeze a small milk carton or other 

container of water the night before 
 A plastic paint tray 
 Sand 
 Monopoly houses 
 Small block of wood 
 
What to do: 

1. Prop the paint tray up with the small block of wood. Add sand and gravel 
to the shallow side and fill the tray carefully with water so that you have a 
‘beach’ made of the sand and gravel.  

2. Take the frozen iceblock and place it carefully at the back side of the 
beach – this is the icesheet or glacier. 

3. Add houses to the sand and gravel ‘land’. 
4. Use a waterproof marker to mark the starting water level on the inside of 

the paint tray.  
5. Let the experiment sit at room temperature (or under a lamp if you want it 

to proceed faster or simulate much warmer Earth temperatures). 
6. Mark the water level at a variety of intervals of choice to document the 

rate of change over time.  
 
What do you notice? 
  
What’s going on:  
As global (air and ocean) temperatures increase - glaciers, icesheets and sea ice are 
melting at increased rates. This results in sea levels rising. The effects of sea level 
changes resulting from global warming are going to be most pronounced in regions 
where people live close to sea level. Notice how the houses in the model, closest to the 
ocean, were flooded first.   
The increase in sea level from melting ice is only one part of the story. The oceans also 
expand as they warm contributing an additional amount to global sea level or eustatic sea 
level rise.  
 
What else you can do? 
Go online and look for sites which model different scenarios for sea level rise and coastal 
sensitivity to sea level rise: a good place to start is the Atlas of Canada “Coastal 
Sensitivity to Sea Level Rise Map” 
http://atlas.nrcan.gc.ca/site/english/maps/climatechange/potentialimpacts/coastalsensitivit
ysealevelrise 


