Chapter 17

WATER USE AND MANAGEMENT
The Earth is the only planet in the universe, as far as we know, where liquid water exists in substantial quantities.

Water is essential to life.

Water is…

· The medium in which life processes occur.

· Nutrients are dissolved and distributed to cells.

· Regulates body temperature.

· Supports structures.

· Removes waste products.

Every day, 43,000 house-size ice comets enter the Earth’s atmosphere and melt, adding about 40 tons of water to the atmosphere.

Water covers more than 70% of the earth’s surface.

The total amount of water on the Earth is about 370 billion gallons or 1404 million km3.

About 98% of the water in the world is salt water found in the oceans.

99% of the fresh water is locked up in ice and snow or buried as ground water.

Bodies of fresh water (rivers, lakes, ponds, etc.) make about 0.01% of the all the water in the world.

HYDROLOGIC CYCLE

This is the movement of water between ocean, atmosphere and land. 

It constantly purifies and redistributes fresh water.

Physical processes that make it possible are…

Evaporation: liquid is changed to gas (vapor).

Sublimation: change from solid to liquid.

Condensation: gas changes to liquid.

Precipitation: falling of liquid water upon the surface of the earth.

Plants absorb water from the ground and pump it into the atmosphere by a process called transpiration. 

Air can support so much water vapor at a given temperature.

Relative humidity is the amount of water vapor in the air at a given temperature, expressed as a percentage of the maximum amount.

The amount of water vapor in the air increases with temperature.

The maximum amount the air can hold at a given temperature is called the saturation point.

Dew point is temperature at which condensation occurs for a given amount of water vapor; the temperature at which the air becomes saturated.

BALANCING THE ATER BUDGET

Evaporation is highest near the equator
More water evaporates over the oceans than over land: 80% of an estimated total of 496,000 km3 of the water evaporated by the sun. 
About 90% of the water evaporated from the oceans return to the oceans in precipitation. The remaining 10% falls on land. 
Rain falls unevenly over the earth.

Reasons: 

1. Global atmospheric circulation creates regions of persistent high air pressure and low rainfall about 20º and 40º north and south of the equator. 

2. When the prevailing winds come from the ocean they bring moisture to the land. 

3. Mountains help in the formation of clouds and act as rain catchers.

As air moves up the windward side of a mountain, it cools and the relative humidity increases

Eventually the air becomes saturated and rain falls, and the relative humidity decreases.

The air becomes cooler and drier and continues to move to the leeward side of the mountain.

As it descends it warms again and reduces the relative humidity further

This warm air has a drying effect upon the land.

The dry area on the leeward side of the mountain range is called the rain shadow.

DESERT BELTS.

Hot air over the equator rises, cools and drops its moisture as rain.

This drier air moves toward the poles, it contracts and moves downward toward the earth surface along the tropics of Cancer and Capricorn.

It becomes warmer as it descends.

This hot and dry air causes high evaporation on the subtropical regions of the earth and creates the great deserts on all continents.

About 10% of the water evaporated from the oceans fall upon the land. The rest is returned to the oceans as precipitation.

MAJOR WATER COMPARTMENTS

Oceans

Oceans contain 97.6% of all the liquid water in the world.

They contain 90% of the living biomass.

Oceans have different composition, climatic effect and surface elevation.

They play a crucial role in moderating temperature.

They are too salty for human use.

In high latitudes surface water is cold and denser. This water sinks to the bottom and move toward the equator.

Warm water on the equator sits on top of this cold water forming sharp boundaries.

Oceans absorb and store heat energy.

Water has unique properties in heat absorption and energy of vaporization.

These properties help to maintain the planet’s temperature relatively constant.

· Redistribution of heat that results from the massive evaporation, precipitation and transport of water is a major factor in keeping world temperatures relatively constant and making the world habitable.

Glaciers, Ice, and Snow.

2.3% of the liquid water in the world is fresh water.

About 2.07% is tied up in glaciers, ice caps and snowfields.

Antarctica holds about 85% of all the ice in the world.

There is no land on the North Pole. The ocean here is covered with a sheet of ice.

Groundwater.

0.28% of the liquid water in the world is held in the ground as groundwater.

Water percolates down the soil (infiltration) through the zone of aeration and accumulates in the zone of saturation.

The upper boundary of the zone of saturation is the water table.

The water table undulates according to topography and subsurface geologic features.

Porous, water-bearing layers of sand, gravel and rock are called aquifers.

Aquifers are held in between two layers of impermeable rock.

Pressurized aquifers make artesian wells where it intersects the surface.

Recharge zones are areas where the infiltration of water into the aquifer occurs.

Rivers, streams, ponds, lakes and wetlands.

Rivers and streams carry about 0.0001% of the liquid water in the world.

The discharge of a river is the volume of water that passes a specific point in a given amount of time.

The volume of water carried by a river, its discharge, is measured in cubic feet/second or in liters/second.

· The Mississippi River has an average discharge of 14 million liters/second.

Ponds are temporary or permanents small bodies of water, shallow enough for rooted plants to grow over most of the bottom.

Lakes are larger and deeper than ponds.

Lake Baikal is the deepest lake in the world: 1,600 meters or 1 mile deep.

Lakes and ponds are eventually filled in, dried up or drained by newly formed outlets.

Bogs, swamps, wet meadows, and marshes play a vital role in the hydrological cycle.

Wetland vegetation slows down runoff and allow infiltration to take place into aquifers and zone of saturation.

Disturbed wetlands have a reduced water absorbing capacity.

http://water.usgs.gov/nwsum/WSP2425/history.html
http://www.humboldt.edu/~ere_dept/marsh/
Atmosphere.

The atmosphere holds about 0.001% of the world water.

It has a very rapid turnover rate.

Movement of water vapor through the atmosphere provides the mechanism for distributing fresh water over the landmasses and replenishing terrestrial reservoirs. 
WATER AVAILABILITY

Runoff is the excess of precipitation over evaporation and infiltration: it is the water left on the surface to flow or to accumulate in lakes.

· About 2/3 of the runoff water is lost as seasonal flow.

· About 1/3 of the runoff water is available for human use.

Only about 9,000 km3 of water are available for human consumption.

South America and Asia have about 24% of the world land mass and receive about 25% of the global runoff.

Most of runoff in Asia occurs in areas suitable for agriculture. This is one of the reasons why Asia has close to 60% of the world population.

In South America, most of the runoff occurs in the Amazon jungle.

Kuwait and Bahrain do not have any runoff and depend almost completely on desalinized water.

Rainfall is never uniform and there are drought cycles.

· In the U.S. the drought cycle seems to be about 30 years.

Drought cycles have their most devastating effect in semiarid zones.

Types of water use.

Withdrawal is the amount of water taken from a reservoir or river.

· Consumption is the fraction of withdrawn water that is lost in evaporation, absorption, chemical transformation or made unavailable as a result of human use.

· Degradation is a change in water quality due to contamination so that it is unsuitable for other services.

The three sectors that use most of the water are the domestic, agricultural and industrial sectors.

Of the water we withdraw in the U.S. about 1/10 is for personal use.

Agriculture uses about 69% of the water withdrawal.

· Irrigation methods are usually very inefficient.

· Evaporation or seepage loses 70-90% of the irrigation water.

Worldwide industry accounts for about 25% of the water withdrawal.

· Some industrialized European countries use about 70% of the water they withdraw.

· Cooling water for power plants is the largest single industrial use of water.

· In U.S. paper making, food processing, petroleum refining and metal smelting are major users of water.

· Developing countries allocate on the average 10% of their water withdrawal to industry.

FRESHWATER SHORTAGES.

Water shortages in many parts of the world result from 

· Rising demand

· Unequal distribution

· Increased contamination

Arid zones are especially vulnerable to drought and land abuse by human and domestic animals.

Natural causes can cause water shortages: drought, hot winds.

Lake, rivers and groundwater reservoirs are being depleted at an alarming rate.

Problems associated with the depletion of groundwater are...

· Water shortage due lowering of the water table.

· Subsidence of the surface land.

· Sinkhole formation.

· Saltwater intrusion.

INCREASING WATER SUPPLIES.

The amount of water on the earth is for all practical purposes fixed.

Desalination plants.

· It is three or four times more expensive than other sources of water.

· It is used extensively in Middle East countries, Oman and Bahrain.

Dams, reservoirs, canals and aqueducts.

· For the purpose of increasing the water supply and control floods.

· Dams and reservoir fill in very fast with silt.

· Destruction of human and wildlife habitat due to flooding by newly built dam.

· Diversion of rivers have upset the balance of entire regions by drying up lakes.

· International and domestic conflicts due to water rights.

WATER MANAGEMENT.

1. Watershed management and conservation are often the most economical and environmentally sound ways to prevent floods and to store water.

2. Domestic conservation.

· Toilet flushing is the largest domestic use of water.

· We use about 13,000 gallons of drinking-quality water to flush toilets annually.

3.   Irrigation methods.

· Drip irrigation is very effective in avoiding water loss due to evaporation and reduces salt buildup.

· Improve the technology of cooling towers.

4.    Price mechanisms.

· Conservation is not attractive because of the low cost of water due to government subsidies.

· Federal water supply projects charge only for the delivery of water. The building of the project is subsidized.

· If water users were charged the real cost for environmental damage and subsidies, conservation would be more attractive.

5.    Recycling of water.

· Industrial water from cooling towers can be used most of the time for irrigation of parks, golf courses, street cleaning, etc.

