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Question 3
What is the value of your annual emission of carbon dioxide and 
of your ecological footprint?

Discuss the significance, including limitations, of each of these 
parameters as a measure of a sustainable individual lifestyle. 
Furthermore, discuss the relationship between the two values as 
developed using our class data.
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Water as a Sustainability Issue

ENSC 390 February  2005
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Water 
• as habitat

• as life support system

• as industrial resource

• as agricultural resource

• for transport

• for recreation

• as hazard

• as a source of conflict
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The integrative measures of sustainability –
energy and the environmental footprint do not 
easily incorporate water issues into their 
calculations

• water issues
• measures of sustainability
• virtual water
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World Water Challenges

• Water scarcity
• Lack of accessibility
• Water quality deterioration
• Fragmentation of water management
• Decline of financial resources
• Lack of awareness by decision makers
• Endangering world peace and security
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+ + +   Half full glass
• Safe drinking water is supplied to about 80 % of 
the world’s population, sanitation facilities to about 50 
%

• In High Income Countries, investment in 
wastewater treatment over the past four decades has 
improved surface water quality in many locations

• Population has stabilized and food production 
has increased (partly due to improved water use) so 
that most of the world is fed to an adequate level
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- - - Half empty glass

20 % of the world’s population does not have access to safe 
drinking water. About 4 million people each year die due to water-
borne diseases 

There are growing water shortages, in several regions of high 
population

800 million people are malnourished

Economic progress is accompanied by drying up of rivers and 
wetlands with loss of important habitat. Pollution is severe in many 
water bodies, especially but not only in Low Income Countries

There are unresolved water management issues

In many areas, access to water is unregulated with resulting 
wastage, overuse by privileged groups, unavailability by 
underprivileged groups and no developed economic  system to 
sustain it
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World Water Resources
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Water  - the Global Picture

Oceans
97 %

Freshwater
3 %

Ice caps
79 %

Groundwater
20 %

Surface water
1 %

Lakes and rivers
53 %

Soil moisture
38 %

Atmosphere
8 %

Biomass water
1 %

Visible surface water – 0.016 %  of total
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Greenwater – water from rainfall that is 
stored in the soil and is taken up by plants 
and lost by evapotranspiration

Bluewater – water that is found in rivers and 
lakes as well as groundwater that is used for 
agriculture, industrial and domestic purposes
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Global blue water ‘availability’ (UNDP, 1995)

Status Supply Population %   
m3 per capita per year millions

Scarcity < 500 1077 19

500-1000 587 10

Stress 1000-1700 669 12

Adequacy > 1700 3091 55
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Green water Blue water

Total 60 000 km3 40 000 km3

Irrigation 2500

Industry 750

Municipal 350

Withdrawals consumed 55 %

Withdrawals returned 45 %
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Not all readily accessible and renewable water resources 
are usable

• A large fraction of this water is found in areas of the 
world where populations are small compared to 
amount of water available – the Amazon basin, 
Canada, for example

• Rainfall patterns in many parts of the world are 
monsoon-based and lead to alternating deficiencies 
and excesses

• Some accessible sources have been made unusable 
by pollution

• But…water not ‘used’ provides for important natural 
processes

14

Water for agriculture
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For many cereals, 

To produce one kg of grain uses ~ 1000 kg of water

The exact ratio depends on the grain and the 
environmental situation
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Water requirements for crops
To grow 1 hectare (10 000 m2) of rice, water requirement in one 
location has been estimated to be 121 cm depth of water

121 cm  =  1.21 m  =  1.21 m x 10 000 m2 =  12100 m3 =  12100 t

A good yield of grain is 7 t / ha

Therefore weight ratio of water to rice is 12100 / 7  =  1750

For many crops the mass ratio water / product is about 1000

Efficiency of water use is therefore an important issue
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Per capita data
Low income country – grain based diet

200 kg of grain each year

200 t of water per capita per year

High income country – varied diet including meat

800 kg of grain required to produce meat

800 t of water per capita per year

Present global average consumption per capita for 
agriculture is 286 m3 =  286 t
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Improvements in water collection / use 
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For rainfall

Water storage

• Large and small dams

• Groundwater recharge through 
small-scale water harvesting

• Water storage in wetlands

• Urban rainwater harvesting
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Arid and semi arid regions of the world

Arid <  300 mm y-1

Semi-arid 300 – 600 mm y-1

Evapotranspiration

20o C 4 – 6 mm d-1

100-day season

30o C 6 – 8 mm d-1

500 mm over 1 hectare (10 000 m2) gives 5000 
m3 or 5000 t of water – how much is lost by 
evaporation?

Current global average for sorghum is 1.3 t ha-1
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Options in arid regions

• Water harvesting

• Crop selection

• Irrigation….but
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There are major sustainability-
related problems in use of water 
for irrigation in agriculture
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Water for agriculture / irrigation
Sustainability issues

• Ground water depletion

• Waterlogging

• Soil and water salinity

• Reduced biodiversity

• Contamination

• Equity

24

1. Ground water depletion

In the past half century, groundwater has become a 
major source of water for use in irrigation 

It is estimated that 160 km3 (= 160 billion m3  = 160 
billion tonnes) of unregenerated groundwater are 
extracted every year

This water deficit is equivalent to 160 million tonnes of 
grain per year…….basic diet (200 kg per person) for 
800 million people??
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China
North half, water table dropping by an average of 1.5 m 
per year

Yellow river – since 1985 has failed to reach the sea for 
several days each year, 1997 for 226 days

Hai river basin (location of Beijing – 100 million 
people in total)

Annual water consumption 55 billion m3 - sustainable 
supply is estimated to be 34 billion m3

Urban areas now use water at the expense of agriculture

1000 t water 1 t wheat $ 200

1000 t water industrial use $ 14 000
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Irrigation water

evaporation

Salts 
accumulate 
here

2. Waterlogging / salinity due to 
poorly-managed irrigation
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Salinization

Accumulation of salts in the soil due to evaporation 
of irrigation water where there is poor drainage

270 million ha of land are now irrigated

Of this, about 50 million ha have become saline

Salinization is increasing at a rate of about 1.5 
million ha per year – 6 % of all irrigated land per 
decade
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Bellary
Jalli

Waterlogged and saline soil in South India
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For irrigation

More efficient water use

• Improved irrigation water management

• Precision and supplemental irrigation

• Focus irrigation on high value crops

• Substituting crops

• Improving crop varieties (GM crops ?)
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3. Agro – biodiversity can be affected 
by the availability of extensive 
irrigation systems – especially major 
canal-based irrigation
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T.V. Satyanarayana in a field 
of Triguna paddy in an 
irrigated area in South India
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In the rainfed area, 20 km 
away, a mixed crop having at 
least 7 species of grains and 
legumes
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The main canal

Distributaries

The water supply diminishes as you go down the canal

4. Major irrigation projects present an 
equity issue
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Head end –
abundant water -
multiple cropping choices

Tail end –
water deficiency –
limited cropping options

Outside the irrigation 
command, only rainfed
crops can be grown
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5. Contamination of groundwater

is a major problem in many places 
around the world

Much of this is related to agriculture

36

Western USA, RussiaNuclear testing sitesRadioactive 
materials

Parts of China, India, East 
AfricaNaturalFluoride

Coastal areas (tsunami), 
arid region irrigation

Seawater incursion, 
irrigationSalts

Industrialized sitesDry cleaning, metal 
fabrication operations

Chlorinated 
solvents

WidespreadRunoff from agriculture, 
urban use, golf coursesPesticides

North America, Eastern 
Europe

Mine wastes, tailings, 
hazardous waste dumpsToxic metals

Bangladesh, Eastern India, 
TaiwanNaturalArsenic

North America, UK, Eastern 
Europe

Spills, underground storage 
tanksPetrochemicals

Widespread, NA, Eastern 
Europe, Asia

Fertilizer, manure runoff, 
septic systemsNitrates

Groundwater contamination
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Nitrate contamination

WHO guideline maximum 45 mg / L
Northern China Above 50 mg / L in most 

locations – fertilizer runoff 
from farms

Central Nigeria 50 – 500 mg / L in wells 
near small towns – human 
and animal wastes

Yogyakarta, Above 50 mg / L in half the 
Indonesia wells tested – from septic 

tanks
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People served
(millions)

% Drinking water 
from 

groundwater

1000 to 120032Asia-Pacific

200 to 50075Europe

1500 to 2000World

315Australia

135
51USA

15029Latin America

Groundwater as a drinking water source

39

Responses to Groundwater Pollution

• End-of-pipe methods – necessary if 
groundwater is the only drinking water source

• Pump and treat technologies – expensive, 
very time-consuming

• Restricting chemical use near vulnerable 
aquifers 

• Moving toward closed loop systems for 
agriculture, industry and urban use
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Water as a prerequisite for health

41

Water-borne diseases

Annual illness and deaths

Diarrhoea 2.2 million deaths (especially children)

Cholera 500 000 cases / 20 000 deaths

Typhoid 500 000 cases / 25 000 deaths

Roundworm 1.3 billion infected / 10 000 deaths

Hookworm 700 million infected 

Trachoma 140 million cases / 6 million now blind

Malaria 100 million affected / 1-2 million deaths
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Lack of accessibility

• 1.2 billion people lack access to clean drinking water
• 2-3 billion lack adequate sanitation
• 4 billion without access to high quality wastewater 

treatment
• 5-10 million deaths caused by water problems per year
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Water use and national income
GDP pc Annual withdrawals pc / m3 

$US, 1990 Domestic Industrial Total 
Agricultural

Tanzania 110 8 28 36

Sri Lanka 470 10 493 503

S. Africa 2530 65 339 404

UK 16 100 101 406 507

Sweden 23 660 172 307 479

USA 21 790 259 1903 2162
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The poor pay disproportionately for water

In many countries the municipal water supply is so 
poor, or non-existent in places; poor people then 
purchase trucked in water from vendors, typically at 
prices 10-20 times that of piped water

In Jakarta, Indonesia, the municipal water company 
charges $0.09 to 0.50 per cubic metre.

The cost from tanker trucks is $1.80 and that from 
private vendors is $1.50 to $2.50
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Bottled water

In the USA, the bottled water industry is worth 
about  $ 4 billion annually

In Mexico, the bottled water industry is growing 
at a rate of 35 % per year
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Vision 21 (The Hague 2000)

By 2015, reduce by half the population without 
sustainable access to adequate quantitie s of 
affordable and safe water 

By 2015, reduce by half the population without 
access to hygienic sanitation facilities

By 2025, provide good water and sanitation for all
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Fragmentation of Water Management

• In terms of irrigation, sustainable management 
strategies are rarely followed

In a more general sense
• No control on wastage and exhaustion of resources
• Segregation of responsibility for water has led to 

institutional chaos
• Need for harmony and coordination on and among 

local, regional, national and global levels.

48

A debate about water management has to begin 
with the question

Is water  a commodity or a good?
• drinking water

• irrigation
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South Africa

• Environmental Bill of Rights

• Water supply guaranteed

• Privatized system
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Good water management (GWvL)
• Pricing water at full cost - not necessarily 

privatization

• Empowering communities – men and women, rich 
and poor so that decisions can be made fairly

• Service oriented management – covenants 
between users and suppliers
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Water as hazard

52

Water as hazard

Floods and……

• account for about one-third of natural calamities

• cause more than half of fatalities

• are responsible for one- third of economic losses

1991 Huai River, China 2900 deaths

1998 Central America 18 000

1998 Yangtze River, China 3000

1999 India and Bangladesh 2425

2004 SE Asia / tsunami > 200 000

53

Sustainable solutions involve a recognition that issues 
like floods and tsunamis are natural phenomena and 
respect for the way nature operates is important in 
designing responses. 

The precautionary principle too

Many problems centre around issues like human 
impacts including deforestation and other aspects of 
improper land use.

54

Water as a source of potential conflict
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Water as a source of potential conflict

Transboundary issues

261 rivers draining 45 % of the global land mass are shared 
by two or more countries

The 1998 International Conference on Water and 
Sustainable Development established an action program

• To facilitate the exchange of accurate and harmonized 
information among riverine countries

• To promote consultation at all levels

• To define priority action programmes to improve water 
management and decrease pollution
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Transboundary examples

Lake Tana in the Ethiopian highlands

• Source of the Blue Nile (85 % of Nile water)

Aswan Dam in the Egyptian Desert

• Massive irrigation system

Devils Lake in the Great Plains of North Dakota

• Landlocked, a sink for industrial and agricultural pollutants

The Red River

• Source of water for limited irrigation and major urban centres

57

International regulation and mediation may be 
necessary

Non-political bodies of experts (IJC) can be helpful, 
but experts should be versed in the principles of 
sustainability

58

Virtual water

The water that is embodied in various 
products, particularly agricultural products 
due to the high consumption of water in the 
production of food.

1 loaf of bread  ~  1000 kg 
1 kg of rice       ~   3000 kg
1 kg of beef      ~ 10000 kg

Note the analogy with embodied energy

59

Water per capita is decreasing due to

• population growth

• pollution of surface and groundwater

• increasing global temperatures

This has a major impact on food production, since 
food is a product of large amounts of water – virtual 
water

A related issue – the supply of water 
for personal consumption is declining 
or being degraded because of heavy 
use in agriculture 
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A water resources threshold and its implications for food security, 
Environ. Sci. Technol 37, 3048-3054 (2003)

• Present countries below the 1000 threshold include 
Israel, Jordan, Libya, Saudi Arabia

• Other countries are moving in this direction – Egypt, 
Korea, Kenya – and could cross the threshold within a 
decade

• Huge quantities of food will be required by 2030 –
problems for payment by LICs

• Difficult choices may be required in terms of end use 
of limited water supplies

Egypt

Germany
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Virtual water

Israel and oranges

Is it a sustainable practice for a country in water deficit    
(< 1000 m3 of available water per person per year) to 
export agricultural products? Or even to grow them for 
internal consumption?

or

Is the important question

Is water used efficiently in irrigation?

Is irrigation an efficient use for water?
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One strategy for assessment of 
sustainability of water resources
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Water poverty index 
A composite index based on five components, all scaled 0 – 100

• Resource – a measure of ground and surface water 
availability, adjusted for quality and reliability

• Access – indicates effective access to water for survival

• Consumption – measures how water is used

• Capacity – measures human and financial capacity to 
manage the system

• Environment – evaluation of ecological integrity related to 
water

Ref.  Centre for Ecology and Hydrology
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WPI (national level)

Resource

This represents some measure of a qualitatively adjusted value of 
the per capita quantitative measure of ground and surface water 
availability, for the country

Data required

• Internal freshwater flows

• External inflows

• Groundwater

• Population

Indicator value

Cubic metres available per person per year, scaled 0 to 2000
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WPI (national level)

Access

This indicates access that the people of a country have to water
for effective use for their survival, including for domestic and
occupational purposes

Data required

• Access to safe drinking water as % of population

• Access to sanitation as % of population

• Access to irrigation (if needed) as adjusted by per capita 
water resource

Indicator value

Weighted average of the three values

66

WPI (national level)

Consumption

Consumption at the national level is indicated by the total level of 
water use, with sectoral uses also specified

Data required

• Domestic water use in litres per day, compared to 
reasonable standard (???)

• Share of water use by industry and agriculture, adjusted 
by each sector’s share of GDP

Indicator value

Weighted average of two values
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WPI (national level)

Capacity

The capacity indicator measures the level of human and financial
capacity to manage the system for the country 

Data required

• per capita GDP, adjusted for purchasing power

• under five mortality rate

• educational enrolment rate from HDI

• income distribution index

Indicator value

Weighted average of these factors
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WPI (national level)

Environment

This measure is an indicator of ecological integrity, or a measure 
of adequate water resources for the environment, for the nation

Data required

• water quality

• environmental regulation and management

• informational capacity

• biodiversity based on threatened species

Indicator value

Combined variables taken from the Environmental Sustainability 
Index
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National WPI values

R A Co Ca En

South Africa 28.1 61.3 50.5 63.3 58.0 52

Tanzania 36.9 53.3 76.6 53.0 59.0 48

Sri Lanka 37.5 60.0 76.6 53.0 79.0 61

70

Water 
• as habitat

• as life support system

• as industrial resource

• as agricultural resource

• for transport

• for recreation

• as hazard

• as a source of conflict

71

Reading assignment

Between the great rivers: Water in the heart of 
the Middle East. Water Resources 
Development, 13 (3), 291-309, (1997)


