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WHERE WATERS AND LAND MEET - Section B:  Water Cycle                                        


Part 1: Water, Water Environments and Natural Processes
Section B:

THE WATER CYCLE

The sea, the ocean and the freshwater systems play important roles in the freshwater cycle. Water evaporates from the surfaces of oceans and seas developing clouds; water moves above the Earth from a sea to land in clouds, as water vapor, droplets and small ice-particles; water returns to the surface of the Earth in the form of rain and snow; and at last water is transported by the rivers back to the ocean in a never-ending cycle. This is the water cycle, or the hydrological cycle. There is always the same water, however in different states and forms, that endlessly cycles through the global system.
All the three different states of fresh water are present in the water cycle: 1) water in solid state as snow and ice present in the higher clouds and on the higher mountains, 2) water as liquid in the form of sea water, rain, rivers and lakes and groundwater, and 3) water in the state of gas/vapor: present in air and the lower clouds.
Seawater plays an important part in the water cycle since it covers nearly three-quarters of the earth surface. Water in the oceans evaporates into the atmosphere, leaving salty substances and other impurities behind, and moves across the earth as water vapour. Water in lakes, ponds, rivers, and streams also evaporate and join the moisture in the atmosphere. Soil, plants, people, and animals, and even factories, automobiles, tractors, and planes, contribute moisture. A small part of this moisture, or water vapour, is visible to us as fog, mist, or clouds. Water vapour condenses and falls to earth as rain, snow, sleet, or hail, depending on region, climate, season, and topography. 

Storms at sea and oceans return much of the water evaporated from the oceans, so land areas get only a smaller amount of water in various forms of precipitation. The land areas get in average 650 millimetres of precipitation a year, but it is not evenly distributed. Some places get less than 10 millimetres and other more than 9000 millimetres precipitation a year. 

Fresh water part of the water cycle, moves in different compartments of the Earth:

(1) When water hits the surface of the earth, parts of it will evaporate, part will be absorbed in the ground, and the rest runs off over the surface as quick flow, forming streams and rivers, hollowing out canyons and caves, and forming extensive deltas. The amount of runoff depends on the area of the watershed, how much it rains or snows, and whether the ground is steep and rocky or sloping and porous. Wetlands -- marshes, swamps, and bogs -- absorb large amounts of runoff and slow down the rate of flow. These areas also release water for a long time after a rainstorm, helping to keep rivers flowing in times of drought. 

(2) The water that soaks into the soil sustains plant and animal life in the soil. The vegetation will return a part of the absorbed water to the air by evapo-transpiration. 
(3) Part of the water will be absorbed in the soil feeding the shallow soil layers and part will be added to the deeper lying groundwater. The groundwater moves around under the shallow soil layers in a manner similar to rivers on the surface, but much more slowly.  In down stream areas, groundwater may move into the open surface water and again become part of surface runoff in rivers and streams running to the sea. 

(4) A part of the surface water from open water or moist land surfaces will evaporate into the air. Eventually the water vapor condenses as drops and forms clouds from where the water comes back to ground/soil and to the sea/ocean as rain, hail, sleet or snow, depending on the air temperature. 
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The driving force of the water cycle are the sun, causing evaporation by warming up the water, and the earth's gravity, which causes the condensed water, as water drops, to return to the surface. Water drop stays approximately 8 to 10 days in the air, 2 to 3 weeks in running waters, from some 100 to some 10.000 years in glaciers or in groundwater, and some weeks to up to some million years in lakes. 

Lesson B1: THE WATER CYCLE
Main idea: Water can change form and have movement.. 

Goal: To introduce the water cycle concept, and to demonstrate a simple water cycle consisting of evaporation and condensation of water.

Concepts: evaporation, condensation, precipitation → water cycle

Introduction: Evaporation / Condensation

Repeat with the students everything they know about evaporation and condensation. 

· Where does water go when it evaporates? What happens then? ...

Activity: Mini water cycle experiment

Materials: 2 jars, rock, water, tape, food colouring, direct sunlight, water cycle diagram (Worksheet B1)

1. Make a mini water cycle model: 

· Pour two centimetres of coloured water in one jar. 

· Place the rock in the centre. 

· Invert the other jar over it and tape closed. 

· Place the jars in a warm, lighted place. 

[image: image2.png]



2. Observe the container over several hours. 

· What collects on the sides of the jars? (Condensed moisture.) 

· Where did it come from? (Evaporated water.) 

· You may need to review examples of evaporation, such as water boiling away in kettle, shallow pan of water in sunlight, wet clothes hung to dry. 

· What does this model represent? (Jar of water, rock and air represent the water, land and air, heat and light represent the sun's energy, moisture on sides of the jar represent rain and other precipitation.)

3. Distribute the diagram "The Basic Water Cycle" (Worksheet B1). Relate it to your mini-cycle model. 

Activity: Water cycle puzzle
Materials: paper cards with signs

1. There are six pictures: sun, river, rain, cloud, sea and vapour; 

2. One child should put the pictures in the right order in a circle, as fast as possible. Others are counting the time!

Activity: Water cycle game
Materials: no material, just open space;

1. Allocate the sea, the sky and the land area in the classroom. 

On command the children will evaporate, run like a river or fall like rain and move to another area, imitating the river, the sea or the clouds.

Discussion: Endless cycling of water

Have a discussion with children about the nature of water cycle and its elements:

· Let them imagine all possible elements of the water cycle and place them correctly into the model. Let them draw and explain the models.

· Can water cycle ever stop?

Worksheet B1:   THE BASIC WATER CYCLE

Directions: Study the diagram and fill out the blanks with the correct terms using numbers to show the processes and using letters to show the form of water.

	PROCESS:

1. Evaporation

2. Condensation

3. Precipitation
	FORM OF WATER:

a) Water vapour

b) Rain

c) Clouds
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Lesson B2: PLANTS IN THE WATER CYCLE
Main idea: Plants accumulate a significant amount of water that is absorbed through the roots and released in the atmosphere through the leaves. Therefore, transpiration plays an important role in the water cycle. Any interference into the natural water cycle, such as cutting off large areas of the woods, can cause significant changes in the water cycle that we can notice as permanent change of weather.  

Goal: To demonstrate that much of the water absorbed by the roots of plants is eventually evaporated from the leaves in a process called transpiration, and to present the meaning of transpiration in the water cycle.

Concepts:  plants → accumulation, transpiration  →  water cycle, green loss; 

Introduction: Evaporation / Transpiration

Have a discussion with students about the difference between the terms “evaporation” and “transpiration”:

· What is evaporation? Let students to repeat what they know...

· There is water vapour in our breath. (Make a short experiment with a mirror.) We also sweat...  Do we emit water vapour?

· What about plants? Do they emit water vapour? (The process is called transpiration.)

Activity: Transpiration in a glass jar
Materials: 2 glasses, water, oil, one small branch with many leaves, 2 clean large jars; 
1. Prepare the model:

· Place the branch with many leaves into the first glass with water, then put the glass on a sunny window shelf. Put a few drops of oil on the surface of water in the glass to prevent water from evaporating directly from the glass. Then cover the glass with the branch with a large glass jar.

· Place the second glass with water, and a few drops of oil on the top of it, next to the first model, and cover it with the second large glass jar.
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2. Observe both glass jars. In a short time, some water drops will form on the inside surface of the first big glass jar. There will be no water on the inside surface of the second glass jar. 

· Where did the water drops come from? (Since the oil prevents water from evaporating, it is evidently that the water drops could not come from the water surface, but they could only come from the leaves of the branch. Compare both glass jars.)

· Leaves give away water vapour. Why water vapour forms water droplets? (As soon as the air in the glass, which is warmed up by the sun, becomes saturated with water vapour, the process of condensation begins.  Water drops condense at the inside surface of the glass jar, which is colder than the air in the glass jar itself.)

Activity: Transpiration in nature
Materials: two large clear plastic bags, string;

1. Tie one large plastic bag over the growing tree branch with many leaves.. Carefully examine the bag some hours later (noticing the build up of moisture inside).  

· Where did the water droplets come from? (They come from growing shoots and leaves of trees.)

2. Remove the leaves from one of the tree branches and tie another large clear plastic bag over it. 

· What happens in this bag? Is there the same amount of water accumulating in the bag? (There is much less water droplets in the bag.)

· What will happen if you remove all the leaves? (There will be almost no water accumulating in the plastic bag.)
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3. Try to compare the rate of transpiration under different conditions (e.g. in cloudy or sunny conditions) by comparing the amount of moisture in the bag. What happens?

Discussion: Vegetation and the water cycle

Take the "Basic water cycle" diagram (Worksheet B1) and relate the knowledge about transpiration to the diagram. Draw the missing elements and discus the importance of transpiration for the water cycle in nature. 

· How trees affect the temperature and humidity in a forest? (They decrease the temperature and increase the humidity.)

· What happens if people cut off a large area of the forest? (The humidity decreases and the temperature increases in that area, which can causes the changes in local weather causing severe droughts.)

Lesson B3: FORMATION OF FRESHWATER
Main idea: Water is recycled continuously in the water cycle. Without negative human interference, the water cycle constantly provides a mechanism for renewing freshwater and transporting it around the globe. 

Goal: To explain the formation of freshwater and the role of evaporation of water from the oceans. Besides that, the goal of the lesson is also to explain why the pollution accumulates in oceans.

Concepts: water cycle → formation of freshwater → surface water, runoff, groundwater → accumulation of pollution in oceans

Introduction: Water cycle

· Repeat with students everything they know about the water cycle. Then let them explore the following questions: Water evaporates from oceans and forms clouds. Can rain ever be salty? 

· Rivers bring into the oceans the pollution from cities and all other parts of the land. What happens with the pollution in the oceans?

Activity: Water cycle and formation of freshwater

Materials: Hot water (best if it is near to the boiling point ... be careful!), salt, ice cubes, clear plastic bag (or plastic wrap), two glasses, stone, wire mesh, glass bowl ; 

1. Make the water cycle model: 

· Pour hot water into the bowl, so that the students can see the steam rising out of it. 

· Mix salt into the water.  Use one tablespoon of salt per a litre of water. Salty water represents the oceans. 

· Place the first glass in the middle of the bowl and load it with a stone. 

· Stretch a clear plastic bag or plastic wrap over the top of the bowl to cover it completely, and place the wire mesh on the top. 
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Take ice cubes and put them into the second glass. Place the glass with ice cubes in the middle of the wire  mesh just above the glass with stones below. 
2. Observe the model: Water slowly condenses on the surface of a plastic cover (representing the 'clouds'). The process is speeded up because of the cold surface provided by the ice. It looks like the rain is falling from the sky into the glass with a stone.

· Is the water in the glass with the stone salty? Taste it! (The water is not salty. It is freshwater!)

· If the rainwater comes from the ocean, why isn't rain salty? (In the process of evaporation, only the water evaporates into the air. Salt stays in the ocean.)

· What is happening to the remaining water in the bowl? (It is getting saltier.)

· Why does the water evaporate and then form water droplets again? (Because of the changes in temperature. Molecules that are at the surface of water evaporate into the air. When they touch the cold plastic cover, they  condense and form water droplets.)

· How does this model differ from the global water cycle? (Not much. The sun heats the water, which evaporate from the surface, and form clouds in the sky where it is colder. Winds move the clouds around. When water droplets become too large to sustain the gravity, they fall as rain or snow to the ground and again accumulate in rivers lakes etc.)

3. Distribute the diagram “The basic water cycle” (Worksheet B1). Relate it to your water cycle model, and add to the diagram all possible forms of freshwater (rivers, lakes, groundwater etc.). Use Worksheet B3/1: “Water cycle terms” and discuss with other students what is the form of freshwater and what it is not.

Activity: Water cycle and pollution

1. Materials: Hot water (best if it is near to the boiling point ... be careful!), salt, ice cubes, clear plastic bag (or plastic wrap), two glasses, stone, wire mesh, glass bowl Use the model from the previous experiment.

2. Add colour to the water in the bowl to illustrate pollution, and observe what is going on? 

· Is the water that falls as 'rain' clear or coloured? (The water is clean.) 

· What happens with the water in the bowl representing the “sea”? (The pollution remains in the sea and accumulates there.)

· Where the pollution accumulates and what can be the consequences of the accumulated pollution? (The pollution accumulates in oceans. The main consequences of the accumulated pollution are decrease in biodiversity and the loss of plant and animal habitats.)

Discussion:  Processes and forms of water in the water cycle

1. List as many forms of freshwater as possible. Worksheet B3/1 - “Water cycle terms” can be used to help you brainstorm.

2. Distribute the diagram “The water cycle” (Worksheet B3/2). Carefully study the diagram and relate it to your water cycle model. Explain the terms and fill out the worksheet.

· What is runoff? (Runoff water represents all surface water that is not infiltrated into the ground to form groundwater, and is not accumulated in the seas and oceans.)

· What is aquifer? 

· Where do rivers get water? (They get water either directly from rain or any other form of precipitation as a part of runoff, or they get water from springs where groundwater comes to the surface.)

Worksheet B3/1:   WATER CYCLE TERMS

Directions:  Study the list of terms and decide either the term represents freshwater or not. All the terms representing freshwater mark with an X. At the end add some other examples of freshwater.

____ lagoon

____ rain

____ water in an old well

____ pool

____ snow

____ sea

____ swimming pool water

____ iceberg

____ river

____ mist

____ sleet

____ artesian well

____ puddle

____ steam

____ water in marsh

____ delta

____ moisture

____ cloud

____ moisture

____ coconut milk

____ groundwater

____ ice

____ water drops

____ smog

____ mineral water

____ spring water

____ Coca-Cola

____ fog

____ watermelon

____ hail

____ aquifer

____ well

____ ice-cube

____ water vapour

____ lake

_____________________

_____________________

_____________________

Directions:  Study the terms, and fill out the blanks with the number that corresponds to the correct explanation of the term.

	___  condensation

	___  evaporation

	___  groundwater

	___ aquifer

	___  percolation

	___  precipitation

	___  runoff

	___  surface water

	___  transpiration

	


	1. The water beneath the surface of the ground, consisting largely of surface water that has disappeared into the ground.

	2. The process by which liquid transforms into vapour. 

	3. The process by which plants emit water vapour into the atmosphere.

	4. All the water on the surface of the continents (lakes, ponds, rivers, puddles etc.). 

	5. That portion of precipitation, which is not absorbed into the ground, and flows directly into streams.

	6. A downward movement of water from the surface into the ground.

	7. Any geological formation containing water, especially one that is richer on water, and supplies the water for wells and springs.

8. Water received on the Earth directly from clouds as rain, hail, sleet or snow.

9. The process by which vapour transforms into liquid.


Worksheet B3/2:  WATER CYCLE SCHEME

Directions: Study the diagram and fill out the blanks with the correct terms using numbers to show the processes and using letters to show the form of water.

	PROCESS:

1. Condensation

2. Infiltration

3. Evaporation 

4. Precipitation

5. Transpiration

6. Runoff
	FORM OF WATER:

a) River, stream etc.

b) Clouds 

c) Groundwater, aquifer;

d) Water vapour

e) Rain, snow etc.

f) Sea, lake;



THE WATER CYCLE OR THE HYDROLOGIC CYCLE
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