Chapter 6 Water resource problems

Introduction

6-1 Water demand and supply

6-2 Water quantity

6-3 Water quality

6-4 Water rights

Introduction

1. Water resources problems: water quantity, quality, and timing.

2. Too much water (flooding), too little water (drought), water pollution

6-1 Water demand and supply

1. Water demand

(1) The world: 

a. Total freshwater withdrawals increased about 7.14 times in the 90-year period (Table 6.1)

b. Due to population growth, agricultural expansion, industrial development, and were most rapid after World War II

c. Water consumptions of the world (fig. 6.1)

(2) The US

a. A per capita withdrawal about 2.87 times greater than the world average (Table 6.2)

b. Agricultural irrigation and industry are the two most important categories in water demand.

(3) Projections for the US

a. Factors: population growth, per capita income, energy consumption, agricultural expansion, economic development, and advances in technology

b. A short-term projection is more reliable than a long-term one

c. Projection of total freshwater withdrawals (Table 6.3)

2. Water supply

(1) The world

a. Total land runoff of the world is 266 mm/year, renewable water.

b. Not all of this water can be utilized due to geographical location or lack of suitable sites for capture.

c. Water supply is an issue of global quantity and distribution.

d. Distribution of arid region climates (fig. 6.3)

e. Water stress index: a measure to assess pressures on water supplies, an index of 1000 m3/person/year is a benchmark.

(2) The US

a. Water withdrawals: 80% from streams and reservoirs, 20% from groundwater

b. A large region of US has experienced water shortages every year due to uneven distribution of population, industry, agriculture, and available water. (Table 6.4)

c. The precipitation regime is affected by:

(a) position relative to air-mass movement and moisture content of the air

(b) proximity to major air pressure systems

(c) elevation and other topographic characteristics

d. Seasonal precipitation distribution (fig. 6.4)

6-2 Water quantity

1. Drought: water demand is greater than supply, water shortage occurs. If the shortage extends over a significant period of time, it is a drought.

(1) Rainmaking

a. Artificially induced rain or snow. 

b. The usefulness of rainmaking is limited by a lack of control over the volume, intensity, and distribution of resulting precipitation.

(2) Water translocation

a. Distribution of freshwater supplies in nature is very uneven geographically.

b. North Africa, North American, California’s aqueduct system

c. Challenges for new water translocation project:

(a) political and environmental issues will create lengthy delays

(b) the costs will be extremely high

(c) the construction time is too long

(d) smaller projects or other approaches with fewer environmental-impact issues will be more attractive to policy-makers

(e) environmental groups will insist on greater water use efficiency prior to construction

(3) Desalination

a. Techniques: distillation processes or reverse osmosis

b. Energy requirements, costs, and environmental constraints.

(4) Water reclamation: water reuse

(5) Rain harvesting: rainfall, snowfall, fog-collection system

(6) Iceberg harvesting: some problems

a. ownership of icebergs

b. environmental effects on coastal water temperature, fish reproduction, and migration as well as on climatic patterns

c. hazards that might be created if chunks of iceberg were broken off in international shipping lanes

(7) Household conservation: using water wisely, increasing the efficiency, and reducing waste

(8) Evaporation reduction: 

a. Application of mechanical covers to water’s surface

b. Spreading the surface with thin films of chemicals

(9) Irrigation efficiency:

a. Better scheduling of water application

b. Use of closed conduits in water conveyance system

c. Using trickle or drip irrigation systems

d. Reducing irrigation water runoff

e. Covering the soil with mulches

(10) Vegetation control: water-wasting plants, vegetation management

(11) Genetic engineering: salt-resistant and drought-resistant crops

(12) Drought forecast

(13) Price control

2. Floods

(1) Forms and causes

a. Flash flood: in mountain streams, small watershed

b. River flood: along major rivers, large watershed, downstream area

c. Urban flood: urbanization increases runoff

d. Coastal flood: tropical storms, typhoons, tsunamis, …
(2) Nature of floods

a. Measure for their elevation, area, peak, volume, duration

b. Warm temperature can melt much of snow

c. Hydrological behavior of watershed varies with basin sizes

(3) Flood damages: The assessment of flood losses is not an easy job

a. Flood damages increase with time

b. Losses per unit area decrease with increasing watershed size

c. Forested watershed are less damaging

d. Inundation can be a blessing

(4) Flood control and management

a. Flood-control measures: reservoirs, channel modification, soil and vegetation treatments, land drainage

b. Flood forecasting: warning system

c. Floodplain zoning: land use pattern (fig. 6.6)

d. Flood insurance: The National Flood Insurance Act of 1968 in US

e. Disaster aids: assistance compensate disaster victims, FEMA

6-3 Water quality

1. Water pollutants: all substances that make water unsuitable for intended uses

(1) Sediments: physical, chemical, and biological effects

(2) Heat: increase chemical reaction, reduce DO, more evaporation,

(3) Oxygen-demanding wastes: sewage, manure, industrial wastes, …
(4) Plant nutrients: 

a. Soil and water erosion

b. Agricultural fertilizers

c. Domestic sewage

d. Livestock wastes, decomposition of plant residuals

e. Phosphate detergents
(5) Disease-causing agents: bacteria, viruses, microorganisms

(6) Inorganic chemicals and minerals: acid, salts, heavy metals, toxic pollutants

(7) Synthetic organic chemicals: Detergents, plastics, oil, pesticides, septic-tank cleaners, phenols, DDT

(8) Radioactive substances: nuclear power plants

2. Sources of water pollution

(1) Point sources vs. non-point sources pollutions

(2) Best management practices (BMPs)

(3) Ground water can contamination

3. Water quality control: scientific research, technological development, resources management, economic analysis, political movements, law enforcement, public participation, education

(1) Monitoring and research: 

(2) Public education: awareness on water-pollution problems

(3) Prevention and treatment: 

(4) Management: water-pollution policies

(5) Legislation and enforcement: provide authorities, standards, finance, guidelines, responsibilities, assessment

4. Water-quality laws and regulations

(1) Clean Water Act of 1977 in US

(2) Laws have impacts on forestry and natural resources management:

a. Sections 208: non-point pollution planning

b. Section 303: total maximum daily load, TMDL

c. Section 304: water quality standards

d. Section 319: water pollution assessment and management program

e. Section 404: wetlands and dredging activities

6-4 Water rights

1. Diffused water:

(1) Water on the ground surface not in connection with a stream channel

(2) Regarded as the property of the landowner

2. Surface water:

(1) Riparian rights: in eastern half of US, lands bordering a watercourse give the landowners special rights to make use of water in the channel

(2) Prior appropriation: first-come, first-served, in nine western states in US

(3) Hybrid doctrine: in ten other states, riparian and prior appropriation rights
(4) Reserved-rights doctrine: US is entitled to claim water rights for instream flows on federal lands or in Indian reservations

3. Groundwater: US state may do following

(1) Recognize the ownership of groundwater by the overlying landowner

(2) Limit the use of groundwater at a reasonable level

(3) Provide a special protection for prior users

(4) Manage groundwater resources as public property with rights created under a permit program

