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Conven&onal View of Increasing Demand 
Mee&ng Fixed Supply 

•  Since 1900 global popula1on has tripled 
•  Water use has increased more than six‐fold 





Running Out of Water: Themes 
•  Facing a crisis in water due to popula1on, 
wealth, and changing climate 

•  Too much Gloom and Doom 

•  The technologies are already available to 
improve the efficient use of exis1ng water 
supplies by: 
–  Improved irriga1on efficiency 
–  Trade of virtual water 
– Moving from conven1onal wastewater 
–  Reuse of water in industry, agriculture, and domes1c uses 

–  Socially enforced changes in demand 



Running Out of Water: Cases 

•  Recycling wastewater; Orange County, Ca., Singapore, and St 
Petersburg, Fla 

•  Improving Agricultural use; Rising City, Nebraska, Imperial Valley, 
California, and Murray‐Darling, Australia 

•  Public involvement in urban water issues; San Francisco, Ca., 
innova1ve urban water supply and sewers in Brazil 

•  Valuing water the role of economic thinking in managing water 
resources; the case of Boston Harbor 

•  Urban wastewater as a resource; San Francisco FOG, East Bay MUD 
and blood as a resource, Santa Rosa and the Geysers. 

•  Transboundary conflicts; the Indus as a success story, other major 
interna1onal basins in play, Nile, Ganges, Mekong. 

•  BoYled water  working against improving maintenance and expansion 
of public systems   



Toilet-to-Tap: Recycling Urban 
Wastewater 

•  Singapore NEWater. Classic water security 
•  Orange County, California (unfortunately 

provides water for another 500,000 people in 
the LA area!) 

•  Many other US urban areas following suit 
•  Option being taken-up because of competition 

for additional supplies and increased water 
quality standards 





Recycling wastewater; Orange County, Ca. 

•  Increasing Demands 
–  Popula1on growth, wealth, life‐style 

•  Decreasing Supply 
–  Federal Endangered Species Act, restricted pumping out of San Jaoqin Delta 
–  Reduced snow melt from N. California 

•  Increasing Regula1on 
–  Due to complaints about offshore pollu1on from long ocean ou]all 
–  EPA pushing for higher levels of treatment 

•  The Eureka Moment 
–  Move to upgrade treatment—add on—to RO and UV disinfec1on 
–  Produces an addi1onal 70 mgd of potable water at lower cost than impor1ng it from the 

North 
–  Protects  endangered species and off‐shore water quality 

•  But there is more… 
–  46 million people in the US are exposed to unregulated chemicals  
–  EPA has now promulgated for discussion its Candidate Contaminant List Number 3 

(CCL3), proposing to add 116 new contaminants to its exis1ng list of 86—includes 
pharmaceu1cals and endocrine disruptors 

–  Possibly the only way to effec1vely remove these from wastewater streams is by RO 
–  Hence, Orange County will be ahead of the regs. others will have to use RO  



Reverse Osmosis in layman’s terms 

Source. PUB, Singapore. 



Contaminant Candidate List 3 (CCL 3) EPA site 
CCL 3 is a list of contaminants that are currently not subject to 
any proposed or promulgated national primary drinking water 
regulations, that are known or anticipated to occur in public 
water systems, and which may require regulation under the 
Safe Drinking Water Act (SDWA). The list includes, among 
others, pesticides, disinfection byproducts, chemicals used in 
commerce, waterborne pathogens, pharmaceuticals, and 
biological toxins. The Agency considered the best available 
data and information on health effects and occurrence to 
evaluate thousands of unregulated contaminants. EPA used a 
multi-step process to select 116 candidates for the final CCL 3. 
The final CCL 3 includes 104 chemicals or chemical groups 
and 12 microbiological contaminants.  



Improving Agricultural use; Rising City, Nebraska 
•  Farmer Glock 

–  77-year old farmer and his wife farm 700 plus acres of irrigated crops 
–  Moved up technology ladder from furrow, to spray, to center pivots 

•  Center Pivots 
–  Typically irrigate quarter section (180 acres) 
–  Capital costs less than US$100,000 
–  Allow for multiple cropping in same field 
–  Avoids costly land levelling 
–  Applies fertilizer and other chemicals without clogging 
–  Can be completely controlled with a lap-top computer 

•  Actual Performance  
–  two thirds reduction in water use and a doubling of crop yield 

•  Global implications 
–  Good example of existing technology with widespread application  
–  Just one example of many water saving technologies 





Center pivot in Kenya with different crops 



•  Globally there are sufficient land and water 
resources to produce food for a growing 
popula7on over the next 50 years.  

•  But it is probable that today’s food produc7on 
and environmental trends, if con7nued, will lead 
to crises in many parts of the world.  

•  Only if we act to improve water use in agriculture 
will we meet the acute freshwater challenge 
facing humankind over the coming 50 years.  

Comprehensive Assessment of Water 
Management in Agriculture 



Bill Hudson Story 
Hudson, William J., The Great Global Warming 
Blunder—NASA Marshall versus NASA Goddard, PRX 
The ProExporter Network, July 22, 2010 

Corn yield not correlated well with temperature 
anomalies from 1960‐2010 





Valuing water and the role of economic thinking 
in managing water resources: Boston Harbor 

•  2.1 million in MWRA service area 
•  1973 demand reached 300 mgd and exceeded 

the safe-yield of the system 
•  In 1986 $3.8 billion WWTP completed and an 

average water and sewer bill was $1116/hh/yr 
•  By 2008 the bill had risen to $1,132 /hh/year 

and system demand had declined to 200 mgd 
•  Pricing works! 







Huge needs 
•  over 1 billion people without safe water,  2  

w/o sanita1on,  4 w/o  sewage treatment 
•  exis1ng systems are run‐down 
•  Sanita1on for 1.2 millions and water for 

600,000 addi1onal persons each week 
over 15 years to meet MDG 

•  An addi1onal 60 million ha. (+30%) of 
irrigated land by 2050 

  No money 
 fiscal constraints 
 official aid stagnant (< $3bn/yr, WB $1bn) 

 public u1li1es unable to self‐finance or to carry debt 
 private investment: a rela1ve trickle so far 

An old story  

  what can we 
do? 

© World Bank 2003 Janssens, J., (2003) 



Some Recent Global Predictions 
on Resource Base 



Sources 

•  Water map shows billions at risk of 'water 
insecurity' 

•  Richard Black, Environment correspondent, 
BBC News, 29 September 2010 

C. J. Vorosmarty, P. B. McIntyre, M. O. Gessner, D. Dudgeon, A. Prusevich, P. Green, S. 
Glidden, S. E. Bunn, C. A. Sullivan, C. Reidy Liermann, and P. M. Davies, “Global threats 
to human water security and river biodiversity,” Nature, vol. 467, 30 September 2010, pp. 
555-561. 



Kassel Predictions 
•  The projections of per-capita water availability in the 

maps below were made by Martina Floerke and 
colleagues at the University of Kassel in Germany, by 
combining different types of forecast.  

•  A computer model of climate change developed by the 
UK Met Office Hadley Centre generates projections of 
future temperature and rainfall. The Kassel team 
applied Hadley projections on a finer geographical 
scale. These projections were fed into a programme that 
models water flow in river basins. 

•  Down loaded from BBC, Tuesday, 8 December, 2009. 



1961-90 



2050s 
NOTE: April 13, 2036 is when the 885-ft diameter asteroid, Apophis, is predicted to pass 
within 18,300 miles of planet earth. MSMBC 13 Oct. 2010   



Global threats to human water security and river 
biodiversity, Nature, vol. 467, 30 Sept. 2010 
•  “What we've done is to take a very dispassionate look at the 

facts on the ground - what is going on with respect to 
humanity's water security and what the infrastructure that's 
been thrown at this problem does to the natural world," said 
study leader Charles Vorosmarty from the City College of New 
York. 

•  Important 7 page paper with 11 authors and 29 pages of 
supplementary information 

•  23 drivers of water and biodiversity threats 
•  Monumental data aggregation and modeling exercise with 

47,517 cells covering 99.2 million sq. km 
•  Concluded that 80% of the world’s population (4.8 billion) is 

currently exposed to high levels of threat to water security or 
threat to biodiversity 









Prevailing patterns of threat to human water security and biodiversity. 



Pros and Cons 

•  Comprehensive 
•  Integrative 
•  Careful data handling 
•  Fully documented 
•  Sensitivity analysis 

•  Choice of the 23 drivers 
•  Need to fill in blanks 
•  Rely on data from many 

sources 
•  Meaning of the index 
•  Setting of weights on 

drivers for aggregation 



McKINSEY STUDIES (2009) 

China and India dominate all discussions on 
resource use in the 21st century 









Six Point Plans 



1. Conserve irrigation water: technical 
changes. 
2. Invest in water infrastructure: 
maintenance issues. 
3. Wastewater Recycling: cuts water 
demand. 
4. Water pricing: toward full socio-
economic costing. 
5. Ship virtual water: rationalize world 
food trade. 
6. Exploit advanced desalination 
technology.  

1. Gather high-quality data 

2. Treasure the environment 

3. Reform water governance 

4. Revitalize water use for 
farming 

5. Manage urban and industrial 
demands for water 

6. Empower the poor and women 
in water management. 

Chartres and Sharma (2010) Rogers (2008) 


