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The Hydrosphere:
Lecture 12: Water Resources Management
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Uses of the hydrologic cycle (HC)

• One of the uses of the HC is in the estimation 
of surface storage.

• Storing and transferring a sufficient quantity 
of water has been one of the major problems.
– What volume of water is stored in a surface 

reservoir/soil and how does the volume change 
over time? What causes the water supply to be 
depleted or increased?

– How are the storage and releases managed? 
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Watershed Water Cycle

• Based on the conservation of mass:

• Input – output = change in storage

• P + R + B - F - E - T = ΔS

• volumes are measured in units m3, L, ac-ft, f3, gal, 

or in & cm over the watershed area  
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Basic Definition

• WATERSHED MANAGEMENT is the 

process of guiding and organizing land and 

other resource use on a watershed to provide 

desired goods and services without affecting 

adversely soil and water resources.
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WS Management Strategies & Responses to 

Problems

• Watershed management involves:
– Nonstructural (vegetation management) practices

– Structural (engineering) practices

• Tools of WS management
– Soil conservation practices

– Land use planning

– Building dams

– Agroforestry practices

– Protected reserves

– Timber harvesting

– Construction regulation

• The common denominator or integrating 
factor is water



Paul R. Houser, 7 May 2010, Page 17

Watershed Water Cycle
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Impacts of Management
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“The Grim Arithmetic of Water”---Official Discussing 

Emerging Freshwater Crisis---Source: September 

2002 National Geographic

The importance of Water

Population is dramatically increasing
Ultimately, a limited water supply will meet limited needs
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Importance of Water
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Water is a fundamental basis of life on Earth, affecting: climate, pollution, food, human habitation, 

human conflict, and more

Understanding the Earth’s hydrologic cycle provides:

• improved forecasts: precipitation, drought, floods, food and water availability, 

agricultural & fisheries productivity, disease vectors

• improved management: agriculture, transportation, planning, social 

assistance requirements, other human activities

A Growing Need: Growing demand, Diminishing resources, Failing public services (Inadequate 

institutional structures, Insufficient investment, Lack of maintenance, Poor management, Political 

interference), Enormous investment requirements
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• Deaths from water scarcity (12 M / year)

• Increased poverty in developing countries



Paul R. Houser, 7 May 2010, Page 30

MOTIVATION
Importance of Water Applications
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WSM: a global perspective

• Practices of resource use & 

management do not depend solely on 

the physical & biological characteristics 

of WS

• Economical, social, cultural & political 

factors need to be fully integrated into 

viable solutions.

• How these factors are inter-related can 

best be illustrated ?
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WSM: a global perspective

• Land & water scarcity: is the major 

environmental issue facing the 21st

century

• Demands > supplies (17%)

• Next 25yrs  2/3 pop. water shortage

• Land scarcity  forest cut

• Desertification

• Hydrometeorological extremes, role of 

WSM
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WHO Water/Health Facts

• Every 8 seconds a child dies of water-
related disease 

• 5 million per year die of illnesses linked to 

– unsafe drinking water, 

– unclean domestic environments, and 

– improper excreta disposal. 

• Nearly ¼ of humanity remains without 
proper access to water and sanitation

• http://www.who.int/inf-fs/en/fact112.html

http://www.who.int/inf-fs/en/fact112.html
http://www.who.int/inf-fs/en/fact112.html
http://www.who.int/inf-fs/en/fact112.html
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• The over-extraction of water for 

agriculture and manufacturing, which 

causes the water table to decline in 

many parts of the world, is another bad 

practice which is producing severe 

consequences to the sustainability of 

these resources.
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Water supply data at global 

level

• The percentage of people worldwide 

who have access to an improved water 

supply has risen from 78% in 1990 to 

82% in 2000. Some 902 million more 

people have been served during the 

decade (537 million in urban and 365 

million in rural areas).
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• Data representing 94% of the Asian 

population suggest that only 48% of the 

population has sanitation coverage, by 

far the lowest of any region of the 

world. The situation is even worse in 

rural areas, where only 31% of the 

population has improved sanitation, 

compared with 78% coverage in urban 

areas.
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• Total water coverage in Asia is also the 

second lowest, after Africa, at 81%. But 

again, water supply coverage is lower 

in rural areas (75%) compared with that 

in urban areas (93%).

• Because of the population sizes of 

China and India, along with other large 

nations in the region, Asia accounts for 

the vast majority of people in the world 

without access to improved services. 
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• Eighty percent of the global population 

without access to improved sanitation, 

and almost two-thirds without access to 

improved water supply, live in Asia.

• At present, approximately one-third of 
the Asian population is urban and two-
thirds live in rural areas. But this 
balance is predicted to shift over the 
coming decades. By the year 2015, the 
urban population is projected to be 45% 
of the region's total, and grow to just 
over one-half of the total Asian 
population by 2025.
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• To meet the international 

development target of halving the 

proportion of people without access 

to improved services by 2015, an 

additional 1.5 billion people in Asia 

will need to access to sanitation 

facilities, while an additional 980 

million will need access to water 

supply.
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Water-related Diseases

• Potential water borne pathogens

• Bacteria
Vibrio cholerae
Shigella 
Campylobacter
Francisella tularensis
Aeromonas 
Legionella pneumophila
Salmonella
Toxigenic Escherichia coli
Leptospira
Yersinia enterocolitica
Helicobacter pylori
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• Protozoa

Giardia lamblia
Naegleria fowleri
Entamoeba histolytica
Isospora belli
Toxoplasma gondii
Cryptosporidium parvum
Acanthamoeba
Cyclospora cayetanensis
Ballantidium coli
Microsporidia 

Viruses

Norwalk and Norwalk-

like

Rotavirus

Hepatitis A and E
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Water is vital for life and livelihood: It is precious but scarce

Water cannot be manufactured, unlike other commodities
• Water supplies are fixed

Available water resources need to be
• Developed in a sustainable way

• Managed to derive optimal benefits

• Conserved and preserved as scarce resource

The need and therefore the potential market and 

business opportunities are enormous, 

but is it a good and attractive business?

U.S. Drinking Water Statistics
• 160,000 public water systems (PWSs).

• 84% of U.S. population served by PWSs.

• PWSs produce 51 billion gallons drinking water/day

• 2.3 million miles of distribution system pipes.

U.S. Wastewater Statistics
• 16,255 publicly owned treatment works (POTWs).

• 75% of U.S. population served by POTWs. 

• 27,000 commercial/industrial facilities rely on POTWs.

• 32 billion gallons of wastewater treated every daily.

The “Water Sector” 

Transpo
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tation
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Electric
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Water sector is part of a 

system of systems
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Water Sector: Integrated Systems
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River

Diversion works

Water 

Carrier

Processing Plant

Distribution System

Water Sector: System Components

•Water resource development & management

•Supply, treatment, transport & storage

•Environmental management & conservation

•Research, administration & policy development

•River management, navigation & flood control & waste assimilation

•Hydropower & Agricultural irrigation

•Industrial, commercial & touristic water use

•Municipal & household water use & sanitation

•Wastewater collection & treatment, and sludge disposal
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Water sector trends

• A shift from public to private management under contract

• A shift in emphasis from public (subsidized) funding to private investment

• A marked increase in risk in developing countries

• An emphasis on unrealistic service levels

• A positive awareness of the needs of the urban poor
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Value of Water Rights
Markets give best evidence of value of underlying  rights

Markets also lead to efficiency in water allocation

Problems:

• Ag. and Urban not same water

• Decreasing per-capita availability

• Degrading water quality

• Increasing competition/conflict

• Haves versus have nots

• Upstream versus downstream

• Competition/conflict with the environment

• Downstream users object

• Multiple agencies all end up with veto

suppose every time you tried to buy a candy bar you had to notify your dentist?

Solutions:

• Underlying rights need to be dependent upon water availability

• Rights must be freely tradable

• Water markets would reallocate water to high value uses

• End to water industry subsidies

• Peace is necessary for Water markets

• Regulator should: Set Rules; monitor performance; Enforce rules

Government

Private 

Operator People

Tussle for 

Control of 

Water

Third 

Player

“Many of the wars in this 
century were about oil, but 
wars of the next century will be 
about water.”(Ismail Serageldin, 
Vice  President, World Bank)
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Future Opportunities: Water Security

Initial Focus 

 Two cases

Point introduction urban area

Back flush of targeted building

 Toxin, VX 

Ongoing Activities

 Investigation of Impact 

- Number of Causalities

- Economics

 Study of Multi-tiered Defense

Water security is the ability to access 

sufficient quantities of clean water to 

maintain minimal standards of food and 

goods production, sanitation and health
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Desalination

• Rainfall patterns and population growth is extremely diverse, which leads to different 
levels of water demand, thus desalination needs are highly geographically variable.

• Desalination of brackish water / sea water is a drought-proof, mature technology 

• Currently, more than 1,200 desalting plants operate in the U.S., producing over 300 
million gallons of water per day. Worldwide capacity is over 6.0 billion gallons per day.

• The first large-scale seawater desalting plant in the U.S. (25 million gallons per day (mgd)) 
began operating, albeit sporadically, near Tampa Bay in Florida in 2003.

• The Southern U.S. has the greatest desalination demand in the U.S., focused on 
Florida, South and North Carolina. The trend in California is to move toward water 
recycling instead of desalination.

• The desalination industry depends on increasing demand for water, as well as research 
and development (R&D), environmental, regulatory and legal, technology, etc.

• Challenges to this market include regulatory programs, competitive strategies, new 
technologies, economic trends, market measurement trends, customer issues, sales and 
marketing strategies, new market opportunities, and market threats.

• Fate of concentrate is the biggest issue facing desalination (options include return to 
sea, evaporative basins, injection wells, disposal into surface waters or waste water 
stream)
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Water is a fundamental basis of life on Earth, 

affecting: climate, pollution, food, human 

habitation, human conflict, and more

The need and therefore the potential market and 

business opportunities are enormous, 

but is it a good and attractive business?

A Growing Need: Growing demand, Diminishing 

resources, Failing public services (Inadequate 

institutional structures, Insufficient investment, Lack 

of maintenance, Poor management, Political 

interference), Enormous investment requirements

Conclusion

Care must be taken to avoid potential pitfalls: 

political, conflict, regulation, etc.
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Case study: Aral Sea
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The degradation of the Aral Sea

1080
993

940

779

616

430

299
230

142 105

0

200

400

600

800

1000

1200

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006

Объм (куб.км)
Volume of 

the Aral Sea 

1961 to 2006 Salinity increase from 
ca 14 to 100 g/l



Paul R. Houser, 7 May 2010, Page 61

ARAL SEA – 2008

… the environmental costs 

are so high that they go 

beyond the economic 

capacity of the newly 

independent republics in 

Central Asia.  

- The World Bank
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Ecological and socio-economic 

impacts
• Loss of biodiversity

• Disruption of ecosystem services

– Fisheries

– Climate regulation

– Drinking water

– Desertification

• Unemployment

• Impacts on human health

– 75% of people in basin suffer from illnesses

– 70% of fisherman are pre-cancerous
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Case studies: Hydrological benefits of 

land-use and ecosystems

Land-use changes may result in lower run-off and more 

storage of water in soils
– Reduction of peak heights during floodings

– Release of water during droughts
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Comprehensive assessment IWMI: change the 

way we think about water 
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