WHERE WATERS AND LAND MEET - Section I: Protection from natural and man initiated disaster


Part 2: Social and Economic Elements of Water and Coastal Resources Management
Section I:

PROTECTION FROM NATURAL AND MAN INITIATED DISASTERS

NATURAL DISASTERS

The human species is exceptional in its ability to minimize or eliminate difficult environmental conditions by employing behavioral and technological strategies. People live in every climate, from polar to tropical, and in every corner of the globe, from alpine mountains to tropical rain forests. We are ubiquitous because we can control the temperature of our buildings by burning fuels, and because we can build structures and vehicles to protect us from wind, rain, cold, and heat. 

Beyond that, we have manipulated the environment to serve our needs. Dams control floods and water crops; levees protect settlements built on floodplains; irrigation systems buffer us from drought; sea walls hold back pounding ocean waves. The list goes on. This extraordinary ability to manipulate our environment can lead to a sense of complacency and confidence: attitudes that could be ruinous when "disaster" strikes. 

Thinking we are safe from floods, we build cities on floodplains. Assuming that we are protected from drought, we farm in arid lands. We build homes on steep slopes with minimal vegetation and give little thought to the possibility of mudslides. Then, when exceptional floods overtop levees, when a decade of drought dries up ground water supplies, when heavy rains turn hillsides into rivers of mud, when an avalanche plows through protective barriers-we arc shocked and surprised. The natural event becomes a "disaster”.

These events are devastating in terms of their effects on human populations. Lives can be lost, businesses ruined, whole cities wiped out. These occurrences seem disastrous, too, because most of them are only somewhat predictable. We cannot forecast tsunamis or typhoons with the same certainty that we can predict the seasons. These singular events strike with terrifying randomness. Such is a case from Tuan An where in one stormy night more than 50 people lost their lives, since an additional tidal inlet was formed in the dune system. 
Floods and erosion at the Thuan An

 (Thua Thien - Hue Province)
As a result of the serious floods, which followed the typhoon of November 1999, an additional tidal inlet formed in the protecting dune system that separates the sea from the lagoon. Although the inlet was closed again, the sand balance along the shoreline remained dynamic, allowing for erosion phenomena to occur at some parts along the coast. The Thuan An inlet, which dimensions were too small to allow for the flood waters to pass without eroding the sides, is slowly moving northwards. The northern shore of the Thuan An inlet eroded another 20-30 meters during the event. On the contrary, accretion occurred at the Hoa Duan damp, where two under water sandbars were formed, with widths of more than 50 and 100 meters respectively. The total width of the inlet reduced from 234 m in 1999 to 140 m in 2001. The serious erosion along the coastline of Thua Thien - Hue is causing serious economical damage to the local people, many of which lost their homes and have to leave their villages. Reducing such damage is one of the priorities for the district and provincial authorities in Thua Thien - Hue.
But such "disasters” are, in fact, as much a part of the natural rhythm as winter and summer. They are simply the most dramatic and powerful expressions of our natural environment. 

Water plays a prominent role in many of the events we call natural disasters. Hailstorms, avalanches, tsunamis, mudslides, river flooding - these natural events of tremendous force all require a supply of water. Even the absence of water, in the case of drought leads to disastrous results. 

There are many things that can be done to protect from natural and man initiated disasters. One of the most important are Early-Warning Systems.

Flood Early-Warning System in Vietnam: USAID/OFDA has funded the U.N. Development Program (UNDP) since June 2000 to develop a flood early-warning system in flood-prone Quang Binh, Quang Tri, Thua Thien - Hue, Da Nang, Quang Narn, Quang Ngai, and Binh Dinh provinces of central Vietnarn. The program includes: 

1) training of disaster officials and the affected populations on how to use flood mapping to reduce the loss of life, property damage, and disruption of livelihoods in future floods and other hydrometeorological disasters; 

2) the implementation of a river flood alert systems in three river basins in central Vietnam that includes the introduction of flood measurement instruments, real time (instantaneous) communications and real time modeling; and 

3) TV and radio based natural disaster warning system, at the national level and in three provinces of Vietnarn. 

Coastal Storm Early-Warning System in Vietnam: USAID/OFDA provided funding to the UNDP for the implementation of a radio-based coastal warning system. Using weather broadcast stations in central locations, repeater broadcast stations, and low cost weather radios, the project provides coastal storm early warnings for fishing boats up to 65 miles offshore and in al125 coastal provinces of Vietnam. The NOAA National Weather Service has assisted the Government of Viet Nam (GVN) with the design of the storm warning system. With USAID/OFDA support, UNDP is working with the GVN to design grassroots disaster preparedness training for the fishing populations at the commune and village level. 

The fact is that human activities are causing extensive environmental changes. These changes can directly affect global conditions and global politics. During the late 19th and 20th centuries, modern civilization began to degrade the quality and viability of global ecosystems through air and water pollution, changes in atmospheric trace-gas levels, and massive development projects that directly affect ecological balances. Such degradation alters the quality and quantity of resources such as freshwater, genetic reserves, and agricultural soils. These impacts, in turn, can affect political and security relationships. There are numerous frictions over water pollution, and shared rivers throughout the world, and growing global concern about climatic changes and depletion of stratospheric ozone. Future international tensions and conflict may thus come to depend as much on environmental and resource pressures as on the geopolitical inclinations of nations.
Lesson I1: NATURAL DISASTERS RELATED TO WATER

Main idea: Storms and typhoons, as well as prolonged extensive rain can cause natural disasters such as life threatening floods and landslides. Tsunamis can also cause extensive life threatening disasters with extensive flooding and destructive waves that sweep away everything on their path. On the other hand, extensive droughts can also be devastating for all the life in a certain area. Drinking water contamination is another problem that can be the consequence of other natural disasters (earthquake, tsunami, extensive floods etc.) or it can be merely man-initiated problem related to spills of poisonous substances, poor hygiene, war etc.  

Goal: Students should get familiar with their local environment and with the danger they are exposed due to the possibility of floods, extreme degree of erosion and other disasters. They discuss about natural disasters related to water and identify main means of protection from the danger of natural disasters.

Concepts: natural disasters (flood, erosion, tsunami, typhoon, water contamination...) → land-use planning, natural disasters` early warning systems;

Introduction: Natural disasters
Discuss with students about their experiences of natural disasters:

· What happened? What kind of natural disaster was that? What was their experience?

Activity: Natural disasters guessing game

Materials: Papers with words describing natural disasters;  

1. Repeat with students all possible natural and man initiated disasters related to water:

· What are natural disasters related to water? (floods, landslides, tsunamis...)

· What are man-initiated natural disasters related to water? (floods, landslides, freshwater poisoning...)

· What is a typhoon? (If the wind speed exceeds 119 kilometers per hour, the storm is called a typhoon. Typhoons can bring high winds, flooding, and excessive rain.) 

· What is a tsunami? (A tsunami is a series of waves spreading rapidly in all directions from a disturbance on the ocean floor. The most common source of tsunamis is earthquakes. Earthquakes are produced by the sudden movement of the Earth's crust. Unlike waves produced by winds, which travel only on the surface of the ocean, tsunamis travel through the entire depth of the ocean waters. The speed of a tsunami depends on water depth; in the deep ocean, a tsunami can travel at the speed of a commercial jet plane. When a tsunami reaches the coastline where water becomes shallow, the waves slow down and their energy is compressed, causing them to build as high as 30 meters. Tsunami waves and resulting flooding can cause property damage and loss of life in low-lying areas.)

2. Prepare papers with names of natural disasters. Have the students divided into two groups. One child is given a paper and he or she has to act like the word on the paper. The other children have to guess what the one child is representing.

Activity: Creating natural disasters map of my community

Materials: Map of your community, trace paper, colored pencils; 
1. Discuss with students what are all the possible natural disasters related to water that can happen in your community: floods, landslides, tsunami, freshwater poisoning etc.?  
2. Instruct students to interview their parents, grandparents and other older people in their community about natural disasters related to water that they remember:
· What was the natural disaster?

· Where and when it happened?

· Is this an event that occurred only once in your life or it has occurred often? How often has it occurred?

· Was there any people killed or injured?

· What caused the catastrophic event? Typhoon? Excessive rain over longer period of time inland? 

· Can they show on a local map the area that was flooded, destroyed by landslide, the wells that were poisoned etc.?  

· What they did to protect themselves and their property?

3. Have students compare the information about the floods, landslides and other disasters with other students. Take a map of your community and together with your classmates create a map with dangerous zones and safe zones. A dangerous zone is a zone where there is a danger of floods, extreme erosion, or freshwater contamination; a safe zone is a zone where there are no problems with floods, erosion or water contamination. 

· Is the house where you live safe from floods or landslides? 

· What about your school? Is it located on a safe place? 

· If not, is it built in such a way that children can be safe even during floods? 

· How should a building be built in order to be safe from flooding?

· What is the best strategy to protect buildings from landslides and coastal erosion?

· Is the water in wells that used to have contaminated water still contaminated?

Discussion: Protection from natural disasters
Discuss with students what can be done to protect human lives and property from natural disasters:

· How can people be protected from floods? (The most important and the safest way is to avoid building villages in flooding - dangerous zones. If this can not be avoided, dams and dikes should be built and rivers regulated.)

· Is it possible to protect oneself from typhoon and resulting floods and landslides? (Because scientists can estimate a typhoon's strength and the position where it will strike, there can be time to warn at-risk communities. Therefore, an early warning system should be established to warn people. Preparations for a typhoon include clearing all loose objects from around homes, buildings, and yards; boarding of windows; storing drinking water and nonperishable food supplies in safe areas; planning evacuation routes, and possibly even evacuation.)

· Is it possible to protect oneself from tsunamis? (This is possible only to a certain degree, and mainly depends on early warning systems. In the area of Pacific Ocean, where 80% of all tsunamis occurs, the International Tsunami Warning System was created to warn people from tsunamis’ danger. When a major earthquake occurs, scientists identify the earthquake's size and location by using seismographs located around the world. If the earthquake is large enough and is located near the ocean, a tsunami warning is issued to potentially affected areas. The progress of the tsunami is monitored by water-level gages located along the shorelines of continents or islands or by instruments placed on buoys in mid-ocean.)

Lesson I2:  Flood protection

Main idea: Floods are the most frequent and most lethal natural disasters. Ninety-seven percent of the Earth’s water is in the oceans; only 0.014% is in lakes, rivers, soil, and the atmosphere. Floods occur when a watershed receives so much water that its waterways cannot drain it off properly. A small river will drain several thousand or hundreds of thousands of acres of land. Within any one watershed, excess rain will cause increased water levels downstream. What occurs at any point along a river can affect not only that point but also the entire watershed. This large amount of water may result when previously controlled large bodies of water escape their boundaries or may result from rainfall, melted snow or ice, sea surges, and accidental damming. A high tide combined with an atmospheric depression can cause the seas to flood low lying areas. 

The majority of floods, called flash floods, happen unpredictably after a big rain. A cubic meter of water weighs 100 kilograms. Sand and clay mixed with the water increases force. Most damage results from the impact of moving water and the objects carried by it. 

 To minimize the effects of a flood, engineers build levees to constrict the overflow of rivers. As more communities build levees, the water in a river is forced to flow at a higher rate because it cannot spread out. As the water flows at a higher rate, it alternatively erodes and deposits sediment and alters the riverbed. The situation worsens as the water rushes downstream. The water level can only continue to rise, eventually spilling over the levees. During prolonged periods of flooding, many levees give way because they are under pressure from the swollen river and are being undercut by water seepage.

Floods in undeveloped areas are not as damaging as the floods in developed areas. First of all, many natural areas have thousands of acres of wetlands which act as giant sponges to soak up excess water. Second, many rivers overflow into the floodplain—a low, flat area on either side of the river. If a river is allowed to spread out onto its floodplain, the flow downstream is slowed. A river’s floodplain can accommodate huge amounts of water which are diverted from the main channel and held back. Allowed to flood in this way, the river creates less damage downstream. If humans do not interfere with it, a stream or river produces its own flood control system.
Goal: To make students aware of the nature of floods and various flood protection measures.
Concepts: too much water → floods (also erosion) → flood protection → land-use planning, water management, flood protection constructions (levees, dykes, dams etc.);

Introduction: Flood disasters
Have students scan the old newspaper reports on floods to discover what conditions might have led to severe flooding (for example, large amounts of rainfall in a short period of time, inadequate flood control etc.). 

Activity: Flood
Materials: soil, plants (they should not be accommodated to wet conditions), two pots, water, a nice place around the building (undisturbed) to leave the plants for 4 to 5 days;

1. Explain students that they will explore what a drought means. Have students bring plants for the experiment from home (two of the same).
· Place equal amounts of soil in two pots. 
· Plant the plants into the nicely moist soil.

· Set the first pan aside for 4 or 5 days. Make sure that it will not be too dry, but all the time nicely moist.
· Water the second pan every day to make sure that the soil is wet. It should be some water standing on the top of the pot.  

2. Make observations daily and record the observations.

3. Have a discussion about the meaning of flood:

· What is a flood? (An area experiences flood conditions when it has more intensive rain than average. Intensity is measured as amount of rainfall in a very short period of time. During these times houses, roads and other constructions can be damaged, as well as crop production can be affected, because rivers cannot drain all that additional water.) 
· What exactly does as 500-, 100-, or l0-year flood mean? (Such labels are part of a classification system used to predict when a f1ood of a particular magnitude is likely to occur. Making these predictions involves studying past records of flood events and searching for a pattern. Generally , as the magnitude of a flood increases, its likelihood of occurrence decreases. This relationship exists because all the components of a large flood are unexpected, seldom occurring events (e.g., abnormally heavy rainfal1s, l1igp rates of snow-melt). Once every 100 years or so, two or more of these rare events may occur simultaneously. These results can be an abnormally large flood. However, if residents of an area experience a 100-year flood, they should not rest assured that another flood of that magnitude will not occur in their lifetimes. Hydrologists can only say that, according to past years, a flood of that magnitude occurs, on average, every 100 years. This is a statistical average. The unpredictable nature of weather patterns could result in another 100- year flood the next year, 10 years later, or 200 years later. Major floods may therefore occur three times within a month, annually for five consecutive years, or not for several hundred years.
· Can floods be predicted? (Potential flooding is predicted using automatic rainfall gauges, radar, and human observation. Stilling wells, which measure small changes in river height, are also used. For good prediction of floods, data collection is a critical component. Watershed managers analyze streamflow to manage flow problems (e.g.flood and drought). By monitoring a river's streamflow over many years, hydrologists learn about fluctuation patterns. Hydrologists use data to create models that can help predict streamflow during and after rainfall and drought. Once research hydrologists know the patterns of streamflow, they inform water resource management agencies, city planners, extension agencies, and farmers.)
Activity: Planning future community 

Materials: Worksheet I2/1: Community Planning Map
1. Explain students that they will take a decision making part in planning of a new community. Divide them in groups. Show them the Community Planning Map (Worksheet I2/1). Explain that a community plans to expand into a new area along the river. Four proposals in four different locations have been proposed. 

2. Provide students with the following information. Explain them that when the river f1oods, water fills the floodplain area. The land in the floodplain is flat and fertile, and it provides attractive views of the river. Because the area has been known to flood, land values in the floodplain are lower than land above the floodplain. The cost of transporting water from the river escalates as distance from the river increases. The volume of water normally passing through the river makes it conducive to commercial use: certain industries want to build factories in the area so they can have access to the water for manufacturing purposes. Towns that support industry are more likely to have larger populations because "' factories provide opportunities for jobs. (NOTE: This information pertains to this activity's scenario and may differ in actual situations.)
3. Have students listen to the views of four people - proponents of Proposals (1, 2, 3, and 4) on where to expand the community. Students may wish to role-play the different views. In addition to discussing where to build, consider the issue of allowing certain industries to locate their factories in the community. 
4. List the pros and cons for building on a floodplain. Discuss the benefits and drawbacks of establishing industries in a community. 
5. Predict outcomes for each proposal (1, 2, 3, or 4). Have each group select one site for expansion and discuss the reasons for their choice. (Students choosing Proposal 3 should find that they have avoided a flood and have enough water during most low discharge months. Students may be interested in checking how other sites fared. Proposal 1 would have flooded and experienced water shortages. Proposal 2 would have experienced water shortages but would not have flooded, while Proposal 4 would have enough water but would have flooded.)

6. Ask students if they think their choices of locations in the activity would have been different if the interval between floods was about 50 years. What about 100 years? Or 500 years? Ask students if they think homes destroyed by a flood should be rebuilt on a flood plain. 

7. Have a discussion about what kind of information is needed for community planning in order to plan safe communities. (The information about flooding potential is essential for community planning. Watershed managers may recommend that people do not live in a certain location because of its frequent flooding in the past. Such an area is called a floodplain. One option is to limit development in these areas or leave them in their natural state. However, such sites are, often desirable for human settlement: they are fertile, level, and scenic. Dams, dikes, or levees can be built to protect an area from flooding, but these projects are costly and may still succumb to major floods.)
8. Explain students that there are more than 2,000 cities world wide located completely or partially on flood plains suffering floods on an average of once every two to three years.

Activity: Building a dam
Materials: pottery clay (or make salt dough), sticks, gravel, and other dam-building materials such as aluminum foil or aluminum pie pans etc, measuring cup, water, watch; 

(SALT DOUGH RECIPE: In a heavy sauce pan mix together: 1 cup (250 ml) plain flour, 1/2 cup (125 ml) salt, 1 cup (250 ml) water and 1 tbs (15 mL) cooking oil. Stir all together and cook at low temperature for 3 minutes or until it pulls away from the sides of the pan. Almost immediately, knead lightly and store in an airtight container. It will take about a week for this to dry.)
1. Have a discussion with students about what can be done to keep area from flooding and to save water to use during droughts? (We can build dams.) Write “dam” on the board and define. If some students are not familiar with dams, draw a simple diagram on the board showing that a dam blocks the flow of a river and causes a lake – reservoir – to fill up behind it. The dam has passageways in it through which we allow some water to pass, so there is still a river.)
2. Tell the class they are going to learn about dams and what dams do for people. 
· Why dams are built? (Modern dams are designed to be multi-purpose dams. Their five major purposes are: water supply, irrigation, flood control, electric power production, and recreation. The lake created by damming a stream or river is called a reservoir.) Give an explanatory comment about how dams accomplish these things.
· When was the first dam built? (People have built dams for thousands of years. Even earlier, beavers were damming streams to change their environment. First, dams were relatively low, but in the last century there is many of them taller than 30 meters.)

3. Ask students to list some Vietnamese dams on the board. Ask for volunteers to locate them on a large map of Vietnam.

4. Ask students what can happen, if a dam collapsed? 
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Explain students that they will first build several dams, and then test their strength. Divide class in small groups. Each group should create different dam to test different shapes and using different additional materials to make it stronger. 
5. Building models of dams: 

· Cut one side and the top off of 2 litre cartons or plastic milk jugs. 

· Build a dam into the box. 

· Once all dams are complete, they must dry for 5-7 days, after which testing will begin. 
6. Testing the dams:

· Slowly pour water behind the dam.
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Data (the quantity of water) should be recorded every 15 seconds for the first 2 minutes and then every 2 minutes for the next 8 minutes.

· Each team should graph their data from their experiment and discuss results in class.
Dams have to be strong and safe. They have to be well maintained and carefully planed, so that the risk of collapsing is practically diminished to zero.

7. An excellent follow-up would be a field trip to a nearby dam. Ask the contact person at the dam to talk to your students about how and why the dam was built.

Activity: Storm and flood warning system role-play game

Materials: no material needed.
1. Flooding is disastrous. It has become more severe over the years. It causes billions of dollars in property damages. People die by drowning and snakebite. Some are left homeless. Hundreds of thousands contract diseases such as cholera and typhoid fever from contaminated water and food supplies. Therefore it is critical, that in areas of high probability of floods, people are prepared. Ask students if they know what are storm and flood warning systems?
2. Assign the character roles to different students (or have them draw character names): 
· Scientists work in Hydro-Meteodolgy Service. They observe and predict storms and floods. In case of aproaching events, they apprise Central committee of flood and storm control.

· Central committee of flood and storm control passes forecast news on radio and television. 

· Police, firefighters and army warn and alarm people from approaching danger, and help to evacuate households in high risk of landslides, flashflood, to the safe place.
· Doctors and nurses help people who are injured or ill.
· Humanitarian organizations take care of safe places with storage of water, food, medicine and necessary goods (blankets…), and organize shelters.
· Townspeople who don’t have specific roles to play.
3. Have a role playing game to test how prepared you are for the case of emergency. Read the catastrophic situation to students. For example: “A big storm is approaching the coast of Vietnam. It is expected extensive floods in central Vietnam.”
4. Visit a Central committee of flood and storm control in your area.

Discussion: Flood protection in my community
Have a discussion with students about floods in their community.

· Are there floods in your community? Where and how often?

· What are the elements of flood protection program?
· Is it wise to urbanize floodplains? (It is wiser to preserve floodplains, so that can serve for inundation in times of high waters to prevent flooding of urbanized areas.)
Worksheet I2/1:  COMMUNITY PLANNING MAP
Directions: Read the proposals for location of a new community and chouse the best option. Explain your choice.
Proposal 1: Large community close to the river
I think we should build at Location 1. The property values are low and we won't have to pay high prices to get water to our homes. The soil is great for farming and the views of the river are wonderful! I also think we should allow industries to build their factories here. There is plenty of water for their production needs, and they will provide jobs for community members. There hasn't been a flood here in over 10 years, so it's nothing to fret about. 

Proposal 2:  Large community far from the river
Well, just because a flood hasn't happened in 10 years doesn't mean it won't. I say let's build above the floodplain. We'll have to pay more in property taxes and for water, but homes will be less expensive because we won't have to protect them from floods. If we invite industries to locate here, people will have secure jobs and the city will prosper. 

Proposal 3: Small community close to the river
Even though we'll have to pay more, I think we should build above the flood plain. Location 3 is a good distance from the floodplain and the land is not too steep.  I don't think we should allow industry to settle here; it will use too much water and could create pollutfon problems. Instead, we should promote small businesses. 

 Proposal 4: Small community far from the river
I agree that we should plan for a small community and promote small businesses instead of industry. More people will place more demands on our water supply and what happens during times of drought? However, if we build in the floodplain, at location 4, we'll have flat, fertile land which is easier to farm and better for constructing houses. I don't think a flood will happen in our lifetime so that shouldn't stop us from building.
[image: image3.jpg]CLOouUDY
WATER





Lesson I3:  Erosion protection

Main idea:  In developing countries, erosion is a growing problem because there is pressure to develop and people lack the knowledge and means to implement environmentally-sound agriculture practices. The resulting lack of vegetative cover (with spreading roots to help hold soil) increases the loss of topsoil by wind and water. To slow down soil loss by water, there are farming methods that can prevent erosion. For example, plowing up and down a slope causes erosion. A better method, called contour farming, is to plow horizontally across the face of a slope. Another method is called terracing, in which a farmer builds a series of level plots in step-like fashion on the slope. Contour farming and terracing slow runoff and allow water to soak into the soil.


Special problem is coastal erosion, which is in some parts of Vietnam really severe.  In order to restrain the possible adverse consequences of the coastline erosion, efforts have to be made for dyke and embankment construction, and for the resettlement of the people who have to move away.
Goal: To acquaint students with basic erosion protection measures. 

Concepts: too much water → erosion (landslides) → land use planning, soil conservation techniques (terraces, contour farming, afforestation);

Introduction: Flood and erosion disasters
Have students scan the old newspaper reports on coastal erosion and landslides to discover what conditions might have led to severe landslides (for example, large amounts of rainfall in a short period of time, inadequate erosion control structures etc.). 

Activity: Soil conservation
Materials: soil, four trays, moss or any other appropriate plant, cardboard; 
1. Discuss with students: 
· Where have you ever seen muddy water? (When it rains or when snow thaws, the water in a river becomes muddy.)

· What do you believe causes the water to become muddy? (The water is carrying sediment. Sediment is picked up by the water on its way over the land and through the stream channels.)

· How would soil get washed into a water source? (Water is in contact with the soil nearly everywhere. Some times and in some streams, the water carries more sediment than at other times or in other streams due to varying amounts of precipitation and varying land slopes.)

· In what ways would sediment in a flowing water source be good? (new fertile land along the river) Have the students point these places out on a map of Vietnam.
· In what ways would sediment in a flowing water source be a problem? (drinking water, loss of depth in shipping and barge channels, flooding, clogging of streams, loss of fish and other aquatic life because of suffocation)

· Ask the students what kinds of actions might result in erosion. (cutting away trees, farming, heavy rains, etc.)

2. Remind students of the lesson Soil Erosion in the section F – Floods and Erosion. Repeat what have they learned? 

· What is erosion? (Erosion is the carrying of soil from one place to another by water and wind. It is a natural process but people have accelerated its pace. Much erosion results from the removal of vegetation from the land. For example, forests can be completely removed to make room for farms or to harvest timber or firewood, since people in many developing countries depend on wood for heat and cooking.)
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Explain students that they will prepare models to explore various soil conservation techniques: terraces, contour farming, and afforestation. Explain the terms and the method used in each technique. Then prepare the models (NOTE: You may take the students outside for this activity.):
· Divide students to 4 teams. Assign one of the techniques to each team, one team will experiment with bare soil. Explain all teams to equally tilt the trays to get equal slopes in all four models.
· Tell Team One to afforestate the whole area using the moss to cover the soil.

· Tell Team Two to construct patterns of contour farming using rows of moss planted in soil that follow the slope.
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Tell Team Three to build terraces with the soil and “plant” moss on the steep edges of terraces. (NOTE: The team may need to moisten the soil to perform this task.) 

4. Observation of the experiment: Ask each team to SLOWLY and carefully pour water from their bottle to simulate water erosion. (NOTE: Teams should pour water from the top to the bottom.) Observe the differences in runoff.
5. Ask each team to report on its results.
6. Have a group discussion with the students to round their knowledge of soil conservation.

· Define sediment. (tiny bits of rocks, soil, and other materials washed into water sources)

· Name some problems associated with sediment. (flooding, contaminated water supplies, etc.)

· Define erosion. (the transport of soil from one place to another by water and wind)

· Name three ways to prevent soil erosion caused by water. (contour farming, terracing, afforestation)

Activity: Coastal erosion
Materials: (Coastal erosion model from lesion F5 – Coastal Erosion)

1. Ask students to repeat everything they learned in the lesson F5 – Coastal erosion. They might even perform the experiments related to coastal erosion again.

2. What are the erosion protection measures? (In order to restrain the possible adverse consequences of the coastline erosion, efforts have to be made for dyke and embankment construction, erosion prevention and protection, and for the resettlement of people who have to move away. However, such efforts are mainly reactive and temporary measures, due to the budget constraints and the lack of a strategic and long-term solution.)
3. What are long-term solutions? (Affected areas, such as Nam Dinh, need to develop their specific and detailed policies and projects along with a long-term strategy for integrated coastal zone management. These aim at the protection and sensible use of the coastal zone, its resources and environment, and also aim at the protection of the sea dykes, for a sound socio-economic development of the coastal zone in particular, and of the Nam Dinh province in general.)
Discussion: Erosion protection
Tell students that across the world, topsoil is being lost at a yearly rate of up to 10 times the rate at which new soil forms.

· Ask the students to draw pictures showing soil conservation and non-conservation farming methods. What kinds of methods are used by farmers in your area?
· What are other important ways to protect from disasters connected to landslides? (proper land-use management, afforestation…) 

Lesson I4:  Protection from droughts

Main idea: Droughts dramatically affect our lives, since low amounts of rainfall can result in shortages in surface and ground water supplies. The dry conditions result in failed crops, drinking-water shortages, and forest fires. Cost of damages of extreme drought conditions can be extremely high, and can lead to political problems. Limited amounts of available water may lead watershed managers to advice against development of certain industries or types of agriculture in a particular area, unless alternate sources of water are located. 
Goal: To acquaint students with the consequences of droughts and to present them basic droughts protection measures. 

Concepts:  water is essential to sustain life → not enough water → droughts → protection from droughts (applying changes in industry and farming to reduce water use, building reservoirs and search for new water sources)
Introduction: Water is life
All living things consist of water. So does the human body. To be able to sustain our body in a good healthy condition, we need to drink two to four liters of water daily. Have a discussion about our needs of water for drinking and other uses, and relate that to nature:

· Is there any water in our bodies? (In human body there are three quarters of water.)

· Can we live without drinking water or eating some liquid food? 

· How much water a human needs to survive? (In average 2 to 4 liters a day.) 

· How long a human can stay without water? 

· What are all other possible needs for water?

· Who besides us needs water to live? (animals, plants... ecosystems)

Have students scan the old newspaper reports on severe droughts to discover what conditions might have led to such disasters (for example, an extended period of less-than-normal rainfall). 

Activity: Drought
Materials: soil, gravel, sand, plants, two shallow pans, water, a nice warm place (plenty of sunshine) around the building (undisturbed) to leave the plants for 4 to 5 days;

4. Explain students that they will explore what a drought means. Have students bring plants for the experiment from home (two of the same). Make sure to do the experiment in a dry season.

· Place equal amounts of sand, soil, and gravel in two shallow baking pan. Start with the gravel, continue with the sand and end with the soil as the top layer.

· Plant the plants into the nicely moist soil and sprinkle them with water.

· Set the first pan aside for 4 or 5 days.

· Water the second pan every day to make sure that the soil is moist.  

5. Make observations daily and record the observations.

6. Have a discussion about the meaning of drought:

· What is a drought? (An area experiences drought conditions when it has less than an average amount of rainfall; during these times crop production is often affected, as well as availability of water supplies. For example, if one part of the country normally receives 150 cm of rain and another part 25 cm. A decrease of 10 cm in the annual rainfall might result in a drought for the second region but not the first.) 

Discussion: There is no life without water 

Have a discussion with students about our needs for water. Point out that besides us, nature also has its need for water:

· What kind of water environments do you know? (marshes, mangroves, swamp forests, life in small streams etc.)

· What happens to these environments in times of severe droughts? (They get dry. When this happens, their plant and animal life can get completely destroyed.)

· How can life in these water environments be preserved? (At least minimal quantities of water need to stay in the water system to sustain water environments and life in them in a good healthy condition.)

· Why is it important to preserve them and to sustain them in good healthy condition? (These environments are one of the richest places in terms of biodiversity, because they represent habitats for a great number of different plant and animal species.)
Lesson I5: Obtaining healthy drinking water
Main idea: All living things consist of water. So does the human body. To be able to sustain our body in a good healthy condition, we need to drink two to four liters of water daily. 

Any natural disaster leads to a problem of healthy drinking water supply. People contract diseases such as cholera and other diarrhoeal diseases or typhoid fever from contaminated water and food supplies. In such situations there are several things that people can do to improve poor sanitary conditions and to obtain safer drinking water supply. The most important is protection of water resources from contamination with wastewater and excrements. The water for drinking should be cleaned and disinfected and then properly stored. 
Goal: To make sure that students understand how important is to have clean drinking water always available, and how important is to keep water resources in a good healthy condition. At the same time, to teach students simple measures that can improve hygiene and poor sanitary conditions that can be useful especially in times of disasters. 
Concepts: natural disaster → water contamination → diseases → water protection, water cleaning, water disinfection; 
Introduction: Healthy, sick and dead game
Explain students that there are three states of the body: healthy (extended), sick (inclined) and death (sitting). The teacher mentions the words fresh, polluted or contaminated water and the children have to act accordingly. Then have a discussion of what kind of water is polluted and what kind of water is contaminated.
Activity: Presence and growth of infects 

Materials: glass, water, fresh leaves, a microscope;
1. Explain to the children that all living things depend so much on water that some very small creatures may actually live and develop in water. They may be invisible to the naked eye, but they are still there. Discuss with students several topics to point out different facts. 
2. Experiment with leaves: 
· Put some fresh leaves in a glass filled with water. 
· During the following days, ask the children to observe the water becoming opaque owing to the development of some whitish flocks around the mouldy leaves. 
· Use the microscope to help the children to observe the tiny creatures developing in the water and point out that a similar process happens in their own bodies when infectious agents and other dissolved materials pass into them via their drinking water. 
· The children should then be able to accept that micro-organisms can develop and proliferate whenever they find the right conditions --air, water, food and warmth --as is the case in humans and other animals. 
3. Disinfection of water: Children know by experience that fire and a very high temperature for a long enough time can kill them. Remind the children that boiling is the only sure method of killing "germs" in contaminated water. Point out that boiling and the use of chemicals like chlorine are the simplest methods for obtaining safe drinking water. Children will, hopefully, end up understanding why it is safer to drink water only from the supply at home, at school and other places where it can be adequately prepared for drinking, rather than from rivers, ponds, springs and unsafe public pumps. 
4. Fighting mosquitoes: When children are told that mosquitoes can breed in less than a cup of water, they then understand why covering buckets and containers used for their family's water supply is so important. Invite them to clean up the household environment, starting with the removal of rubbish that might hold water and serve as a breeding place for mosquitoes. Filling puddles near their houses and unblocking drains are simple tasks that can be easily carried out by children organized into small groups and effective ways of getting rid of most of the mosquitoes.
Activity: Preventing water-based and water-related diseases
Materials: a large sheet of paper, colour-pencils 
1. In some areas and is some circumstances children can only wash, bathe and help to wash clothes in surface waters (streams, rivers, lakes, ponds and irrigation canals). These can also be sources of water for miscellaneous uses (cleaning dishes, drinking water for cattle, even supply of drinking water for families). Explain students that they will learn basic water protection measures to protect the community sources of water from infectious agents that can contaminate their supply and rapidly spread diarrhoeal and other diseases. 

2. Creating a map of an imaginative community:

· Ask the students to list the sources from which their families collect water and the watering places for cattle. 
· Explain them that they will act as that they area members of an imaginative village. Let them chose a name for the village. Ask them to make a map of their village or neighborhood (with your help) on which they will indicate the wells, streams, rivers, pools, etc. 
· Lead them through each place from where they get water and try to imagine all the important details: 
· Is the drinking water collected, as it should be, upstream from the place where people bathe in the river, wash their clothes or lead the cattle to drink? 
· Are the wells covered when not in use? 
· Do people or cattle go into these places? 
· Are walls raised around the wells to protect them from animals? 

· Are the latrines at least 20 meters from the wells? 
· Are the springs enclosed by brick or concrete and equipped with a pipe outlet to protect the water? 
· Are buckets and tanks to collect rainwater covered? 
· After the examination of all details, the students may redraw some of the details and place some activities on different places.

3. Creating maps of your communities: 

· In the same way as the students created the map of their imaginative community, they should examine the safety of water resources in their community.  They should draw the maps and then examine the safety of water resources. Then should help themselves with the questions above.

· After the examination of all details, the students may pin or draw small flags on the places they have examined. Where they have noted that people collect and use water correctly, the flags might be coloured in blue (or any colour locally meaning "harmony" and therefore "health"). The places that are not safe because people do not use water correctly, the flag might be coloured red.

· The map should be exhibited in front of the school, the community hall, or the village council where children can explain to their families what changes can be made and where and how to better protect the community's water supply.

Activity: Sunlight and disinfection 

Materials: clean, colourless or light blue bottles or clear plastic containers, covers, well protected sunny place;
1. Provide students with the following information: Sunlight destroys bacteria, including coliform pathogens, in a few hours. Colourless or light blue glass or clear plastic containers transmit the near ultraviolet and visible components of sunlight, which destroy microorganisms in polluted water. 

2. Children should collect clean, colourless or light blue bottles or clear plastic containers from their household. They should remove any labels. 

3. The bottles or containers should then be filled with clear water from the well or pump and carefully covered. With the help of the teacher, the children should prepare an open space where the sun shines all day long that is away from younger children and animals. Make sure that the children spread out the bottles so as to keep them from shading one another. The bottles should ideally stay in the sunlight from 10-11 a.m. until 3-4 p.m. (five hours, with maximum solar radiation at noon). The stronger the sunlight, the safer the water will be for drinking. It should be stressed that water cleaned by the sun should be used right away in order to avoid germs recontaminating the bottles. 

4. Explain children that the principle of using sunlight for disinfection of drinking water is used also in some water treatment plants. In a water treatment plant water is not exposed to sunlight, but they use ultraviolet light to light through water.  

Activity: Cleaning water using a two-pot method 

Materials: two pots or containers made from colourless glass or clear plastic, water;
1. Explains students that they will learn another small-scale method of cleaning water that can help them provide their household with safer drinking water (when neither boiling nor chlorination, which are much better methods, are possible). That is the "two-pot" method. 

2. Take two large pots and ask students to fill one container with water and cover it. Let it stand for three days. 
3. Invite the children to observe what happens in the water as early as the second day --with a magnifying glass, when available. Children will see sediment beginning to appear at the bottom of the container.
4. [image: image6.jpg][, . e i |
r.ulle Ll Ill‘} ]NI

|||ilI = ,_-ﬂimlﬁr]m h ”1 ALY

'IHI.IIJ TG I l I|'"H|"u

L il ~_|hl" Ilil
i [ AR

| L

HLE i -
T e
| ".[ﬁ,',

Wil

r":-.-

, .
; III rrlmrlr rrrmd CANER mERiefivil




 On the fourth day, show the children how to carefully pour off (or take off with a ladle) the clean water at the top of the pot and pour it into the empty one. Children should pour the remaining dirty water at the base of the trees, bushes or onto the school garden and carefully wash the empty pots, which may then be filled with water and covered again. 
5. Remind students about the process called sedimentation and where it occurs. Then remind students that only boiling and chlorination are truly effective methods to make water really safe for drinking. 

Activity: Sand filtration 

Materials: a one-meter deep, a tap, topless barrel, round stones about 2-3 cm in diameter, gravel or stones as small as peas, fine sand, water;

1. Explain student that they will learn to build a water filter at almost no cost. Yet, they should remember that only boiling and chlorination are truly effective, although the sand filtration method can make water much cleaner. 
2. Building sand filter: 

· [image: image7.jpg]


The children should thoroughly clean the inside and outside of the barrel. 
· Make a hole at the bottom of the barrel into which a tap is placed. 
· Place the barrel on a 50-70 cm high base made from stones so as to ensure that a jug can receive the water underneath the tap. 
· The stones should be placed in the barrel in such a way that they do not block off the pipe opening. 
· Gravel or stones have to be spread on top of small stones in such way that they completely cover the first stones in a layer 15-20 cm deep. 
· Add a 50 cm-layer of fine sand.

· Place carefully a couple of flat stones or large (clean) pieces of glass on the top of the sand layer to keep it from being stirred up in the water. 
· Now, the barrel should be filled with water (up to 3-5 cm from the top) and covered. 
3. Explain students that such filter will need to be replaced every two or three weeks. 

Discussion: Obtaining healthy drinking water
Have a discussion with children about what are all the necessary measures that need to taken into account in circumstances when there is no firewood and chemicals to boil drinking water (boiling 1 liter of water means burning about 1 kg of wood).
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