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Today we will learn about…

• The need for watershed management

• Resource base

• Global demand trends
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WHY WATERSHED MANAGEMENT?
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The story of Los Angeles, California
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Image: https://commons.wikimedia.org/w/index.php?curid=7035575 (top)

https://commons.wikimedia.org/wiki/File:LA_Skyline_Mountains2.jpg#/media/File:LA_Skyline_Mountains2.jpg (bottom)

Los Angeles Plaza, 1869

Oil discovered in 1892

Population grows to 10200 by 1900

City looks for water supply

https://commons.wikimedia.org/w/index.php?curid=7035575
https://commons.wikimedia.org/wiki/File:LA_Skyline_Mountains2.jpg


The story of Owens Lake*, California

5Image: http://www.owensvalleyhistory.com/owens_valley_owens_lake/mid_owens_lake008_sml.jpg*https://en.wikipedia.org/wiki/Owens_Lake

19 Km long, 13 km wide, 7 m to 15 m deep

Covering an area up to 280 Km2

Melting glaciers contributed water to Owens river thousands of years ago.

Tributaries of Owen’s river started being used by farmers

Resting stop for water fowl:

‘Great numbers of water birds are in sight along the lake shore--avocets, phalaropes, ducks. Large flocks of shorebirds in flight 

over the water in the distance, wheeling about show in mass, now silvery now dark, against the gray-blue of the water. There 

must be literally thousands of birds within sight of this one spot.’

http://www.owensvalleyhistory.com/owens_valley_owens_lake/mid_owens_lake008_sml.jpg
https://en.wikipedia.org/wiki/Owens_Lake


Starting in 1908, Los Angeles 

Aqueduct was built

6Image: http://waterandpower.org/Historical_DWP_Photo_Collection_LA_Public_Library/LA_Aqueduct_Pipelne.jpg

*https://en.wikipedia.org/wiki/Los_Angeles_Aqueduct

674 Km long (375 Km + 220 Km)

3.7 m diameter pipes

Carrying capacity: 11.9 m3/s and 8.9 m3/s

Open unlined canal

Open lined canal

Covered concrete conduits

Concrete tunnels

Steel siphons

>Farming community in Owens valley 

eliminated

>Devastated the Owens Lake ecosystem

http://waterandpower.org/Historical_DWP_Photo_Collection_LA_Public_Library/LA_Aqueduct_Pipelne.jpg
https://en.wikipedia.org/wiki/Los_Angeles_Aqueduct


In an effort to find more 

water, the city of Los 

Angeles reached farther 

north. In 1930, Los 

Angeles voters passed a 

third US$38.8 

million bond to buy land 

in the Mono Basin and 

fund the Mono Basin 

extension.

7https://en.wikipedia.org/wiki/Los_Angeles_Aqueduct

https://en.wikipedia.org/wiki/Mono_Basin
https://en.wikipedia.org/wiki/Los_Angeles_Aqueduct


Los Angeles Aqueduct was followed by 
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Hirji, R., 1998. Inter-basin water transfers: Emerging trends. World Bank Report, (22675).

1. Central valley project (CVP) to divert water from the Sacramento-San Joaquin 

river delta to southern California

20 reservoirs, 11 power plants, 3 fish hatcheries, 500 miles of canals, 

supplies water to both farmers and city dwellers

2. State water project (SWP) to send water from northern to southern 

California

CVP and SWP relieved pressure on groundwater aquifers, but lead to 

massive ecological changes

3. Snowy Mountains Hydroelectric scheme in Australia (1949-1974) diverts 98% 

of inflows to the Snowy Mountains into the Murray and Murrumbidgee rivers 

for agricultural production and urban demand satisfaction (Sydney and 

Melbourne)

4. Lesotho Highlands Water Project (LHWP), South Africa (1986) to export 

water from Senqu/Orange river to Gauteng province,

5. WanjiazhaiWater Transfer Project (WWTP) in China (1998) to provide water 

for industrial mining cities in Shanxi province



Environmental consequences of CVP and SWP
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Hirji, R., 1998. Inter-basin water transfers: Emerging trends. World Bank Report, (22675).

North

Low fresh water outflows in dry years, intrusion of sea water, high salinity in 

water supplies for farmers, urban communities, and wildlife. 

Large scale irrigation in San Joaquin valley converted 95% of states wetlands to 

farms, resulting in decline of migratory bird and waterfowl population from 60 

million in late 1940s to 3 million in early 1990s.

Irrigation has accelerated the leeching of selenium into wildlife refuge ponds, 

causing many deaths and deformations

South

Owens lake levels dropped by 40 feet, increase in Lake’s salinity, threat to lake’s 

unique shrimp and bird population

Stretches of lake’s bed with high levels of alkali were exposed.  During wind and 

dust storms, these alkali particulates mix with air. These are harmful to the 

respiratory system and are a major health hazard.



As the region develops, natural resource availability is declining…This 

has resulted in contentious debates within the growing population… 

Resolution of these conflicts requires new perspectives that combine 

social, economic, and environmental concerns with an approach to 

watershed management where forest, range, agricultural, wetland, and 

urban parcels are treated in an integrated manner. 
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Naiman(1992),  

In New Perspectives for Watershed Management: Balancing Long-Term 

Sustainability with Cumulative Environmental Change



RESOURCE BASE
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Resource: water

12
Oki, T. and Kanae, S., 2006. Global hydrological cycles and world water 

resources. Science, 313(5790), pp.1068-1072.



Resource: food

13
Tilman, D., 1999. Global environmental impacts of agricultural expansion: the need for sustainable 

and efficient practices. Proceedings of the National Academy of Sciences, 96(11), pp.5995-6000.



Resource: food

14
Tilman, D., 1999. Global environmental impacts of agricultural expansion: the need for sustainable 

and efficient practices. Proceedings of the National Academy of Sciences, 96(11), pp.5995-6000.



Resource: energy

15
International Energy Agency, 2007. Key world energy statistics. 

International Energy Agency.

The tonne of oil equivalent (toe) is a unit of 

energy defined as the amount of energy released by 

burning one tonne of crude oil. It is approximately 

42 gigajoules or 11,630 kilowatt hours

157.5 PWh (1015)

https://en.wikipedia.org/wiki/Units_of_energy
https://en.wikipedia.org/wiki/Tonne
https://en.wikipedia.org/wiki/Crude_oil
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Kilowatt_hour


Resource: energy – coal, oil and gas
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https://www.worldcoal.org/coal/where-coal-found

There are an estimated 1.1 trillion tonnes of proven coal 

reserves worldwide. This means that there is 

enough coal to last us around 150 years at current rates of 

production. In contrast, proven oil and gas reserves are 

equivalent to around 50 and 52 years at current production 

levels.

https://www.worldcoal.org/coal/where-coal-found


Resource: energy – hydro

17https://www.worldenergy.org/data/resources/resource/hydropower/

Hydropower is the leading 

renewable source for electricity 

generation globally, supplying 71% of 

all renewable electricity. Reaching 

1,064 GW of installed capacity in 

2016, it generated 16.4% of the 

world’s electricity from all sources.

There are many opportunities for hydropower development throughout the 

world and although there is no clear consensus, estimates indicate the 

availability of approximately 10,000 TWh/year (1012) of unutilised

hydropower potential worldwide.

https://www.worldenergy.org/data/resources/resource/hydropower/


Resource: energy – nuclear

18https://en.wikipedia.org/wiki/Nuclear_power

In 2016, the US Energy Information Administration projected for its “base 

case” that world nuclear power generation would increase from 2,344 billion 

kW-hr in 2012 to 4,501 billion kW-hr in 2040. Most of the predicted 

increase was expected to be in Asia.[131]

Following Westinghouse filing for Chapter 11 bankruptcy protection in 

March 2017 because of US$9 billion of losses from nuclear construction 

projects in the US,[156][157] the future of new nuclear plant construction has 

largely moved to Asia and the Middle East. China has 21 reactors under 

construction and 40 planned, Russia has 7 under construction and 25 

planned, and South Korea has 3 under construction plus 4 it is building in the 

United Arab Emirates.[158]

https://en.wikipedia.org/wiki/Nuclear_power
https://en.wikipedia.org/wiki/Nuclear_power
https://en.wikipedia.org/wiki/Westinghouse_Electric_Company
https://en.wikipedia.org/wiki/Chapter_11_bankruptcy
https://en.wikipedia.org/wiki/Nuclear_power
https://en.wikipedia.org/wiki/Nuclear_power_in_the_United_Arab_Emirates
https://en.wikipedia.org/wiki/Nuclear_power


Water-food-energy nexus

19
Rasul, G., 2014. Food, water, and energy security in South Asia: a nexus perspective from the Hindu Kush 

Himalayan region☆. Environmental Science & Policy, 39, pp.35-48.



Things to think about

• What are the underlying institutional arrangements that 

govern access to food, water and energy? 

• What are the spatio-temporal variations in availability of 

these resources? 

• How are these variations accounted for to ensure 

meeting demands? 
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GLOBAL DEMAND TRENDS
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Global population 

22

Annual rate of increase of global population: 0.04% per year between A.D. 1 and 

1650, 2.1% per year between 1965-1970

During 1860-1991, human population more than quadrupled but energy use 

increased by more than 90 times (from 1 billion to 93 billion MW.hours/year)

Increases in inequality of wealth distribution

Cohen, J.E., 1995. Population growth and earth's human carrying capacity. Science, 269(5222), p.341.



Global consumption patterns: energy
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Source: https://ourfiniteworld.com/2012/03/12/world-energy-consumption-since-1820-in-charts/

Figure 1. World Energy Consumption by Source, Based on Vaclav Smil estimates from Energy Transitions: 

History, Requirements and Prospects together with BP Statistical Data for 1965 and subsequent

https://ourfiniteworld.com/2012/03/12/world-energy-consumption-since-1820-in-charts/


Global consumption patterns: food

24
Source: https://ourworldindata.org/yields-and-land-use-in-agriculture/

Global land area: ~13 billion hectare

https://ourworldindata.org/yields-and-land-use-in-agriculture/


Global consumption patterns: 

water
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Vörösmarty, C.J., Pahl-Wostl, C., Bunn, S.E. and Lawford, R., 2013. Global water, the anthropocene and 

the transformation of a science. Current Opinion in Environmental Sustainability, 5(6), pp.539-550.

Five major interactions of humans 

with freshwater systems of the planet. 



Global emissions: Carbon-di-oxide

26Source: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions/

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions/


Global temperature trend

27Source: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions/

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions/


Intensification of hydrological cycle

28

Wentz, F.J., Ricciardulli, L., Hilburn, K. and Mears, C., 2007. How much 

more rain will global warming bring?. Science, 317(5835), pp.233-235.



Global nitrogen stocks and fluxes

29Galloway, J.N., 1998. The global nitrogen cycle: changes and 

consequences. Environmental Pollution, 102(1), pp.15-24.

Temporal trends in the anthropogenic production of reactive N (TgN year-

1)from fertilizer ; fossil fuel combustion, and legumes and rice cultivation


