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INTRODUCTION

The term water security is often used to describe 
the condition of an uninterrupted water 
supply of sufficient quantity and adequate 
quality to meet the domestic water needs of 
a country or region and support its economic 
activities that depend on water. A broader 
definition of water security involves the 
sustainable development of water resources, 
protection of water systems, protection of water 
supply from hazards associated with extreme 
hydrologic events (such as floods and droughts), 
and safeguarding of access to water and 
services for people and the environment. [1] 
According to the Global Water Partnership, 

“the term ‘water security’ aims to capture the 
complex concept of holistic water management 
and the balance between resource protection 
and resource use.” [2] Over the last few years, 
the term has been increasingly used, even in 
countries not characterized by water scarcity, 
like Canada [3] and the United Kingdom [4].

Depending on the prevailing actual or perceived 
threats to the water supply, water security at 
times becomes synonymous with a single aspect 
of the overall problem. For example, in the United 
States after 9/11, the Environmental Protection 
Agency used the term almost exclusively to 
indicate the measures required to protect against 
terrorist acts that may contaminate or disrupt 
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in agriculture for food production. The water/food/energy security nexus was recently identified as one of three 
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Water security hinges on balancing water supply with water demand, both of which are subject to change 
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at the sustainable use of renewable water resources and the planned depletion of nonrenewable water resources 
within well-defined timeframes. Where possible, this should be supplemented by the use of unconventional water 
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(which intensifies water scarcity), pollution (which renders some water resources unusable), and climate change 
(which may alter the amount and time distribution of precipitation in some parts of the world and increase the 
water requirements for food production due to higher temperatures).

Two powerful concepts—virtual water and the water footprint—make it easier to grasp the global nature of water 
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the water supply. On the other hand, in Egypt, 
where practically all water comes from the 
Nile River, water security is synonymous with 
the continuation of past agreements regarding 
allocation of the river’s water resources among the 
countries sharing its basin. For many industries, 
water security means the protection against 
operation disruptions due to water shortages.

On March 22, 2000, at the Second World Water 
Forum, the main challenges to achieving 
water security were set forth in the Ministerial 
Declaration of The Hague on Water Security in 
the 21st Century. As agreed on by 114 ministers 
and officials from 130 countries, the listed 
challenges included:  (a) meeting the needs of all 
people to have access to safe and sufficient 
water and sanitation; (b) equitably allocating 
water resources to secure food production; 
(c) protecting ecosystems; (d) engendering 
peaceful cooperation in sharing water resources; 
(e) managing risk in dealing with floods, 
droughts, and pollution; and (f) managing water 
in a manner that reflects its economic, social, 
environmental, and cultural values for all its 
uses and that accounts for the need for equity. [5]

WATER SCARCITY

Water scarcity is a relative concept that 
depends on the combination of available 

supply and level of demand for water. Fresh 
water is inherently scarce in many parts of 
the world because of its uneven distribution 
around the globe. In most arid and semi-arid 
areas, water scarcity has intensified over time 
due to population and economic growth. Many 
parts of the world face physical water scarcity 
due to the lack of adequate water resources, 
while parts of the developing world face 
economic water scarcity because they do not 
possess the economic means to develop their 
water resources.

Although the accuracy of global statistics may 
sometimes be questionable and their use has 
been criticized by some experts (see [6], for 
example), data compiled by international 
organizations at least give an indication of the 
order of magnitude of the problem. According 
to the most recent global annual assessment 
of sanitation and drinking water by the World 
Health Organization, in 2008, nearly 900 million 
people did not have access to an improved 
drinking water source, and over 2.6 billion people 
did not use improved sanitation facilities. [7] 
Improved drinking water sources are considered 
those that provide safe water and include 
household connections, rainwater collections, 
public standpipes, boreholes, protected dug 
wells, and protected springs within 1 kilometer 
of the household. [8] Use of unsafe drinking 
water causes the death of 1.8 million people 
every year from diarrheal diseases such as 
cholera, with 90% of them being children under 
5, mostly in developing countries. [9] Improved 
sanitation is important because unsanitary 
practices and discharge of untreated wastewater 
in nearby water bodies or the ground directly 
affect drinking water resources.

According to one estimate, the water required 
for the drinking, cooking, sanitation, and 
bathing needs of an individual is between 27 
and 200 liters per day. Based on this estimate, 
a minimum standard requirement for basic 
human needs of 50 liters per person per day 
has been proposed. [10] Actual domestic water 
use varies from place to place above and below 
this proposed minimum because of differences 
in climate, standard of living, individual 
lifestyle, water use efficiency, etc. For example, 
based on data from the US Geological Survey, 
average domestic water use in the United States 
was 135 m3/yr per capita in 2005 and varied 
between approximately 75 and 263 m3/yr per 
capita in Maine and Nevada, respectively. 
[11] In the Middle East, a somewhat earlier 
per capita domestic water use figure varied 
between approximately 66 m3/yr in Egypt and 
approximately 23 m3/yr in Yemen. [12] 

Total water use is much higher than domestic 
use due to water needs for agriculture, industry, 
urban uses, etc. The largest water user is irrigated 
agriculture. More than three-quarters of all 
water used around the world is for food 
production. It is estimated that producing food 
for the average US diet, which is rich in meat, 
requires about 5.4 m3/day, or 1,971 m3/yr per 
person, while an equivalent vegetarian diet 
requires only 2.6 m3/day per person, less than 
half that amount. [13]
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A widely accepted minimum level of renewable 
water resources for satisfying the needs of a 
country with self-sufficient food production 
is 1,700 m3/yr per person. [14] Countries or 
regions with fewer water resources are said to 
be under water stress. If the available renewable 
water resources are less than 1,000 m3/yr per 
person, then the country or region is said to be 
characterized by water scarcity; if they fall below 
500 m3/yr per person, the condition is described 
as absolute water scarcity. Based on population 
growth rates around 2005, it was estimated that 
by 2025, 1.8 billion people would be living in 
countries or regions with absolute water scarcity, 
and two-thirds of the world’s population could be 
under water stress conditions. [15] Water-scarce 
regions include most arid and semi-arid areas 
in the American Southwest, Australia, North 
Africa, Middle East, Northern China, parts of 
India and South Africa, and densely populated 
cities and parts of Asia, such as Singapore.

Figure 1 shows the per capita renewable 
water resources for countries with less than 
2,500 m3/yr per capita plotted against their 
per capita gross domestic products (GDPs) 
and population growth rates. As illustrated, 
many very poor countries face severe water 

scarcity, which is intensified by rapid population 
growth. It should be noted that per capita 
renewable water resources is a valid indicator 
only for relatively small countries or when 
applied to regions with a relatively uniform 
climate. The average per capita resources for 
large countries like the United States or China 
can be misleading because average values 
mask significant differences within these 
countries. For example, the per capita available 
water resources in the southwestern United 
States or Western China are far less than the 
corresponding national average.

Increasing water scarcity can create tensions and 
become a destabilizing factor in international 
relationships, as pointed out in a recent report 
by the US Senate Foreign Relations Committee 
that examined water issues in Central and South 
Asia. [16] The report presented an analysis 
of how foreign assistance could be used for 
strategic investments to promote water security 
in the region. In the words of the committee’s 
chairman, Senator John Kerry, “Water security is 
vital in achieving our foreign policy and national 
security goals by recognizing the duality of 
water—as a tool for development or a means to 
exacerbate conflict.” [17]
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(per capita renewable water resources from [18]; per capita GDP data for 2003 from [19])
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THE WATER/FOOD/ENERGY SECURITY NEXUS

Food security is achieved when all people, at 
all times, have physical and economic access 

to sufficient, safe, and nutritious food to meet 
their dietary needs and food preferences for an 
active and healthy life. [20] At a national level, 
food security can be achieved through internal 
food production, food imports, or a combination 
of the two. Many countries pursue policies 
aimed at self-sufficiency in food production. 
Besides affirming a country’s independence, 
such policies are justified based on socio-
economic considerations because farming is the 
only employment opportunity in many areas 
(especially in developing countries). In this case, 
food security depends on the availability of 
water and becomes closely tied to water security. 

Food and water security are also related to 
energy security. Water used for food production 
is obtained by either extracting groundwater or 
by operating surface water collection, storage, 
and distribution systems, both of which require 
energy. Finally, energy generation requires 
water, primarily for cooling. In the most recent 
annual meeting of the World Economic Forum 
in Davos, the water/food/energy security nexus 
was discussed as one of three important clusters 
of risks that may threaten economic growth and 
political and social stability in the future. [21]

WATER MANAGEMENT

Water security hinges on balancing water 
supply with water demand, both of which 

change over time. Water supply can decrease due 
to the depletion of nonrenewable water resources 
or due to changes in the availability of renewable 
water resources caused by degradation of quality, 
climate change, or various human activities that 
affect the hydrologic cycle, such as land use 
changes. Water supply can increase through 
the development of new water resources. Water 
demand increases as the result of population and 
economic growth but can be managed through 
conservation, more efficient water use, economic 
measures, and agricultural and trade policies. 
The essence of water management is finding 
and achieving the optimal equilibrium between 
water supply and water demand without 
compromising future water security.

In general, augmenting the supply is problematic. 
Most countries and regions facing water scarcity 
have already fully developed their water 
resources beyond sustainable levels, resulting 
in rivers that run out of water by the time they 
reach the sea, lakes that shrink, and groundwater 

wells that run dry. Use of nonrenewable 
water resources is only a short-term solution 
because, by definition, their use leads to their 
depletion. Large water transfer schemes, like the 
south-to-north water transfer under construction 
in China, are usually prohibitively expensive 
and have many negative environmental impacts. 
Nonconventional ways to augment the water 
supply include using treated wastewater, 
desalination, and, on a smaller scale, water 
harvesting. Theoretically, desalination offers 
the potential of unlimited water supply to 
areas near the ocean or other saline water 
bodies, but its feasibility depends on the 
availability and cost of energy. Technological 
developments in membrane technologies based 
on reverse osmosis have lowered the energy 
requirements for desalination, though they 
still remain quite high.

In view of these limitations, Gleick introduced 
the concept of peak water analogously with 
the concept of peak oil and described the 
implications of reaching peak water use and 
what would need to be done to avoid irreversible 
ecological damage to the environment. [22] In 
this respect, nonrenewable water resources, such 
as the fossil groundwater in the aquifers of North 
Africa and the Middle East, are very similar to 
oil, following a similar production curve over 
time with a distinct peak at some point, followed 
by declining production. On the other hand, 
renewable water resources are limited by the 
rate of their replenishment. They can be used 
indefinitely at their peak limit, but obviously not 
beyond that limit.

Where supply-side augmentation is not an 
option, demand management offers the only 
viable solution for survival and sustainable 
development. Demand management aims at 
influencing attitudes and consumption patterns 
toward more efficient and cost-effective water 
use and is often practiced through a combination 
of economic, technical, and administrative 
measures. Economic measures often include 
pricing mechanisms and other incentives for 
reducing water use. Technical measures include 
conservation, more-efficient water use, and water 
reuse. Adopting such measures is critical to the 
viability and acceptability of new community 
projects built in parts of the world where water 
is scarce.

In the past, water management was viewed as a 
technical subject in the domain of engineering. 
Today, the many complex factors affecting water 
supply and demand require water management 
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to integrate input from multiple disciplines and 
be practiced in the context of a water strategy 
consistent with, and supported by, government 
policies and planning in critical sectors. These 
sectors include demographic growth, agriculture, 
industry, trade, and environmental protection.

To a great extent, successful water resources 
management depends on the existence of 
the proper political, institutional, and legal 
frameworks and organizational structures that 
form the foundation of water governance. In 
many parts of the world, reform and improvement 
of water governance are essential to achieving 
water security.

THREATS TO WATER SECURITY

A recent study concluded that “80% of the 
world’s population is exposed to high levels 

of threat to water security.” [23] Overall, the 
greatest of these threats is population growth 
because it increases the demand for water. 
With the available renewable water resources 
remaining the same (at best) and nonrenewable 
water resources being depleted, more people 
will have to share the same or a smaller amount 
of water in the future. As can be seen in 
Figure 1, some countries with very limited 
renewable water resources have very high birth 
rates, their populations doubling in less than 
30 years. Also, in some areas with very limited 
water resources, internal migration (the result 
of policies that encourage the expansion of cities 
and other developments in desert environments) 
has resulted in rapid population growth, 
seriously undermining the water security of 
these areas. In addition, economic growth and 
higher standards of living over time increase 
water use per capita due to changing diets and 
greater consumption of goods—many of which 
need water for their production.

Another common threat to water security is 
pollution, which may render entire water bodies 
unsuitable for specific uses. Multiple sources of 
chemical and biological contamination are among 
the common causes of water quality degradation. 
Such contamination arises both from discrete 
point sources (such as industrial facilities and 
the discharge of untreated municipal waste) 
and from nonpoint pollution resulting from the 
application of excess fertilizers, herbicides, and 
livestock waste. China today is a great example 
of a country where these problems are a major 
source of concern for water security.

Water security also includes protecting the water 
supply from terrorist acts intended to cause 
harm. Besides measures for physically protecting 
the water infrastructure, advanced methods and 
technologies for the early detection of harmful 
agents within the water distribution network 
have been developed in response to this threat.

A factor that complicates the assessment of 
future water resources availability is climate 
change. It is predicted that climate change 
will alter precipitation patterns around the 
world, making many areas more prone to 
drought and increasing water scarcity. Global 
atmospheric circulation models suggest that 
increased emissions of carbon dioxide and other 
greenhouse gases contribute to global warming. 
It is predicted that higher temperatures will 
increase evapotranspiration, leading to an 
increase in precipitation in latitudes greater than 
30° North and 30° South, while less and more 
erratic precipitation is expected in many tropical 
and subtropical regions. [24] This will change 
streamflow patterns, affecting the distribution of 
water resources in both space and time. 

Despite significant progress in global 
atmospheric modeling, it is still difficult to 
predict the impact of climate change on smaller 
scales, such as the scale of a river basin. There 
seems to be agreement, though, that changes in 
precipitation distribution in space and time are 
likely to produce greater extremes—more severe 
floods and droughts. Besides their impact on 
surface water resources, these precipitation and 
temperature changes will affect groundwater 
resources by modifying the recharge rate of 
different aquifers. 

Global warming will also affect demand by 
increasing water requirements for agriculture 
due to increased evapotranspiration at higher 
temperatures. Water stress in many arid and semi-
arid areas is likely to increase, so countries like 
Pakistan, India, Mexico, and northern China, and 
the countries of the Middle East and sub-Saharan 
Africa, are likely to be affected significantly. 
The effects on some water systems may be quite 
dramatic. For example, according to Barnett and 
Pierce [25], there is a 50% probability that Lakes 
Mead and Powell, the two largest reservoirs on 
the Colorado River and the major sources of 
water for the southwestern United States, will go 
dry by the year 2021. Besides their effect on water 
resources, higher temperatures are also likely 
to raise sea levels, causing the inundation of 
low-lying coastal areas and increasing saltwater 
intrusion into coastal aquifers.
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THE SCALE OF WATER SECURITY AND 
VIRTUAL WATER TRADE

Through most of history, water security 
was sought at a local scale, with people 

choosing to live near a water source, a river, a 
lake, or an aquifer. Early civilizations in Egypt, 
Mesopotamia, and India flourished along rivers 
where water was readily available. Over time, 
advances in engineering made possible the 
construction of large dams to store water and 
aqueducts to transfer water over long distances. 
This allowed the water resources of a river basin 
to be shared throughout the entire basin and even 
benefit people in nearby basins. As engineering 
became more ambitious, water transfer schemes 
made it possible to bring water to arid or semi-
arid areas across long distances, expanding the 
scale of water security to the regional or national 
level. Examples of such large-scale projects are 
the water transfer scheme from northern to 
southern California and the south-to-north water 
transfer under construction in China.

The introduction of the virtual water concept 
makes it possible to consider water security on a 
global scale by examining trade among nations. 
The term virtual water is used to describe the 
amount of water required to produce food or 
other products. [26] The virtual water contents 
of various food products differ significantly. 
For example, the production of 1 kilogram of 
wheat requires a little more than 1 cubic meter of 
water, while the production of 1 kilogram of beef 
requires more than 10 times as much. The trade 
of goods among countries or regions creates 
a flow of virtual water from the commodity-
exporting regions to the commodity-importing 
regions. The concept of virtual water shows how 
water-scarce countries or regions can benefit 
by importing agricultural products that require 
large amounts of water, saving the water that 
would have been required to produce those 
products locally. This way, water-scarce countries 
or regions can increase their water security by 
reserving part of their limited water resources 
for other uses. 

As noted by Hoekstra, “export of water-intensive 
commodities implies that the domestic water 
resources are more intensively used than 
they would have been in the case without 
such export. As a result, the pressure on, and 
the scarcity of, the domestic water resources 
will be increased. In reverse, countries that 
import water-intensive commodities relieve the 
pressure on their domestic water resource.” [27] 
Virtual water becomes, in essence, an alternative 
source of water.

The volumes of traded virtual water represent 
a significant percentage of the total water 
consumed. Estimates of total virtual water traded 
among nations in 1995–2000 are in the range 
of 1,040 to 1,340 km3 [28], which is about 
50% to 64% of the 2,100 km3 estimated total 
volume of fresh water consumed in 2000. [29]

GREEN, BLUE, AND GRAY WATER

To better appreciate the implications of virtual 
water trade, it is instructive to understand 

the source of the water content of different 
products. In this context, researchers use the 
terms green, blue, and gray water. “Green” water 
is defined as the rainwater stored in soil as soil 
moisture. The water content of the products of 
rain-fed agriculture is classified as 100% green 
water. “Blue” water is the water that runs off 
to rivers or percolates deep into the ground 
to become groundwater. Irrigated agriculture 
depends on blue water. The “gray” virtual water 
content of products assesses the water pollution 
caused by their production. Gray water is the 
estimated volume of water required to dilute the 
effluents from the production of a product and 
bring the quality of the receiving water body to 
acceptable standards.

An important difference between green and 
blue water in the context of the virtual water 
discussion is that blue water has alternative uses, 
while green water does not. For example, if blue 
water is not used in agriculture, it can be used 
for domestic or industrial supply, to enhance 
environmental flows, etc. On the other hand, 
green water can be used only by vegetation; 
its use is limited by the variety of plants that 
can be grown in a given area. For example, the 
moisture in the soil (green water) could support 
a forest, a pasture, or agricultural crops. As 
countries trade goods that require the use of 
water for their production, there is a flow of 
virtual water among them. Strictly speaking, 
this may not necessarily constitute “virtual 
water trade” because it may not be the result of 
conscious water policy decisions. A report by 
the World Water Council noted that “one can 
only speak of virtual water trade if conscious 
choices are made in water and environmental 
management policies whether or not to make 
water available or to release pressure on the 
domestic water resources by importing goods 
that else would have consumed much of 
the domestic water resources available.” [30] 
However, the flow of virtual water among 
countries or regions is a reality, whether it is the 
result of conscious water trade or not.
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THE WATER FOOTPRINT AS A TOOL FOR 
RAISING AWARENESS ABOUT WATER SECURITY

Hoekstra introduced the concept of the 
water footprint to account for all direct 

and indirect water use by a nation. [31] It is 
calculated as the sum of all direct water use 
within a nation and the net virtual water import. 
The estimated global average per capita water 
footprint from 1997–2001 was 1,243 m3/yr; for the 
United States, the average was 2,483 m3/yr; for 
the United Kingdom, 1,245 m3/yr; and for China, 
702 m3/yr. [32] Figure 2 shows the water 
footprints of different countries as estimated by 
Hoekstra and Chapagain [32] versus their per 
capita GDPs. This concept can be equally applied 
to an individual, a community, or a business. The 
water footprint of an individual or a community 
is defined as the sum of the volume of fresh 
water used and the virtual water content of 
all services used and goods consumed by that 
individual or community. The water footprint 
of a business is defined as the volume of fresh 
water used to make the products produced by 
the business, plus the virtual water content of 
all the supplies, parts, and all other services.

The virtual water content of specific products 
and the water footprint are powerful tools for 
raising awareness about the implications of 
specific consumption patterns for water security. 
For example, the total water needed to produce 

a cup of coffee (125 mL) is 0.14 m3, equal to 
1,120 cups of the same size. To produce a 
hamburger (150 g), 2.4 m3 of water is required; 
a cotton T-shirt weighing 200 g requires 2 m3 of 
water. [32] It is also important to know whether 
the virtual water content of a product is green, 
blue, or gray water. For example, most of the 
virtual water content of coffee is the water for 
growing the coffee plants. Because these plants 
are grown in areas with high rainfall, the virtual 
water content of coffee is mostly green water. On 
the other hand, cotton production in some areas 
is supported by rainwater, while in other areas 
it relies totally on irrigation, or blue water. For 
instance, it has been estimated that the virtual 
blue water content of 1 kg of final cotton textile 
(the weight of a pair of jeans) in Turkmenistan 
is 14.122 m3; in Uzbekistan, 11.140 m3; in Egypt, 
10.787 m3; in Pakistan, 9.884 m3; in India, 
5.726 m3; in China, 2.345 m3; and in the 
United States, 1.897 m3. [33]

In some cases, irrigated cotton production has 
led to wasteful use of water, with significant 
negative impacts. A prime example of this is the 
expansion of cotton production in Central Asia, 
which led to one of the greatest environmental 
catastrophes of the 20th century: the destruction 
of the Aral Sea. It all started with the Soviet 
government’s plan in the 1950s to boost cotton 
production using the waters of the Amu Darya 
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and the Syr Darya rivers, the main sources 
of water for the Aral Sea. To implement this 
plan, several new reservoirs and canals were 
constructed in the area. These projects diverted 
large volumes of water for irrigation and, at the 
same time, introduced significant water loss 
through evaporation from the reservoirs and 
seepage through the canals, most of which, like 
the 1,375 km long Karakum Canal through the 
desert, were unlined. This cut off practically all 
flow into the Aral Sea, which started shrinking. 
Its volume was reduced by 90% over the last 
50 years. Between 1950 and 2009, its volume 
decreased from 1,058 km3 to 105 km3, its area 
decreased from 65,607 km2 to 13,500 km2, and 
its salinity increased tenfold from 10.17 g/L 
to 102 g/L. [35] 

As argued in a recent column [36], publicizing 
the virtual water content of different products, 
such as that of a T-shirt, can help raise awareness 
about the dwindling water resources in arid 
regions that sometimes are the source of the 
materials for manufacturing those products. 
This can help consumers understand the impact 
of their choices on the water resources of distant 
places. By supporting products from areas 
using sustainable water management practices, 
consumers can influence farmers and authorities 
to adopt such practices and improve water use 
efficiency. Among the suggestions to this end are 
labeling water-intensive products and certifying 
industries or retailers that meet specific criteria 
of efficient, sustainable, and fair water use. [27]

BUSINESS WATER SECURITY

Water security for individual businesses 
implies the avoidance of water-related risks 

that may disrupt operations, affect profitability, 
or both. Business water security assessments 
are based on analyzing the vulnerability of a 
business to disruptions in its water supply, as 
well as its resilience. An indication of increased 
concern and awareness about these risks can be 
found in a recent guidance by the Securities and 
Exchange Commission, which referred explicitly 
to “changes in the availability or quality of 
water” in the context of climate-related risks 
and opportunities that public companies need 
to disclose to their investors. [37] A recent study 
that evaluated the quality, depth, and clarity 
of water risk disclosure of 100 of the largest 
publicly traded companies from eight different 
sectors concluded that most of these companies 
failed to reference specific at-risk operations or 
supply chains and did not attempt to quantify 
or monetize such risks. [38] It also found that 

even though many companies face exposure 
to water-related risks, only one-quarter of 
them detail specific policies, standards, or 
management systems to reduce these risks and 
associated costs, and only one-fifth disclose 
quantified targets to reduce water use.

Another survey aimed at collecting critical 
water-related data from several large 
corporations was recently undertaken by 
the Carbon Disclosure Project (CDP). As part 
of this initiative—the CDP Water Disclosure 
project—the CDP sent a questionnaire 
to 302 of the world’s 500 largest companies 
in the FTSE Global Equity Index Series, 
focusing on sectors that are water intensive 
or particularly exposed to water-related risks. 
Feedback from the 150 companies that 
responded showed that in two-thirds of them, 
responsibility for water-related issues 
lies at the Board or Executive Committee level; 
89% have developed specific water policies, 
strategies, and plans; and 60% have set 
water-related performance targets. [39]

Assessing water security and related risks for 
a business requires thorough quantitative and 
qualitative analysis of water use in the business 
itself and its suppliers and an understanding of 
how water affects its customers. The analysis of 
water use in the business itself accounts for all 
inflows, outflows, and internal flows of water 
through the different processes of the business. 
These data are then used to develop the water 
budget for the full business cycle. The recording 
and analysis of these external and internal flows 
of a business is sometimes referred to as water 
auditing. A goal of water auditing is to identify 
potential losses as well as opportunities for 
more-efficient water use. Metrics can be very 
useful for assessing progress toward the goal of 
improved water security and can also be used 
to compare various designs and concepts in 
terms of sustainability. Examples of such metrics 
are the volume of water used per unit output, 
the wastewater produced/discharged per unit 
output, and the ratio of fresh water usage to 
recycled water usage. It is also essential to 
assess the sustainability of the water supply that 
supports the business, understand present and 
future potential competing uses for that water, 
and foresee potential regulatory changes that 
may impose constraints on its use.

Recognizing the significance of water-related 
risks, several think tanks and institutes serving 
the business community and different nonprofit 
organizations have worked on this subject 
over the last few years to prepare tools and 
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methods to help businesses improve their water 
security. An overview of major business-relevant 
initiatives that provide guidance on sustainable 
water management and tools, measurement 
methodologies, standards, and reporting 
indicators has been prepared by the World 
Business Council for Sustainable Development 
and the International Union for Conservation 
of Nature. [40]

For example, the Global Environmental 
Management Initiative (GEMI), a nonprofit 
organization of several major companies 
focusing on environmental, health, and safety 
issues, produced the Water Sustainability Tool, 
designed to help individual companies build 
a business water strategy. [41] Similarly, the 
Water Sustainability Planner was designed to 
help convert the corporate sustainability strategy 
into a site or unit strategy for water and assist 
in understanding water use and impacts and 
water risk assessment [42].

The World Business Council for Sustainable 
Development developed the Global Water Tool 
to help companies and organizations map their 
water use and assess risks relative to their global 
operations and supply chains. [43]

Berger and Finkbeiner recently discussed how 
to address water use in the lifecycle assessment 
methodology, which measures the environ-
mental impacts of individual products from 
cradle to grave. [44]

Another tool available to a business is its water 
footprint, defined as the total volume of fresh 
water used directly or indirectly to run and 
support the business. The Water Footprint 
Network, established in 2008 to coordinate 
efforts to further develop and disseminate 
knowledge on water footprint concepts, methods, 
and tools, has recently prepared a new global 
water footprint standard. [45]

Morrison and Schulte evaluated these four tools 
and methodologies (GEMI tools, Global Water 
Tool, lifecycle assessment, and water footprint) 
and their use. [46] Based on this evaluation, 
they made specific recommendations on how to 
advance corporate water accounting practices, 
such as placing greater emphasis on assessing 
the local water resource context, supply chain, 
and water quality; improving data collection; 
developing consistent reporting criteria 
across the industry; and encouraging greater 
cooperation among companies in this area.

Another ongoing project related to business 
water security is the effort under way by 

Goldman Sachs, General Electric, and the World 
Resources Institute to develop a water index to 
measure water-related risks and opportunities 
for companies and their investors. [47] This 
effort began with a pilot project focused on the 
thermal power industry in the Yellow River 
basin in China, a water-stressed region due to 
its rapid economic growth.

Finally, some corporations have developed 
their own corporate water strategies to assess 
their water use, analyze water-related risks 
and vulnerabilities, identify opportunities to 
use water more efficiently, set specific water 
use targets, and employ metrics to assess 
progress in reaching these targets. For example, 
Nestlé published a water management report 
presenting year-to-year data on water use and 
wastewater generated as well as data on specific 
indicators, such as the amount of water used and 
wastewater generated per unit of product. [48]

CONCLUSIONS

Because growing populations have to share 
limited water resources in many parts 

of the world, water security is recognized as 
an essential factor for the sustainability of 
communities, cities, and countries and critical 
for the success of most businesses. Uncertainty 
about the impact of climate change on water 
resources adds to the urgency of improving water 
security. To achieve water security, a sustainable 
equilibrium between water supply and demand 
must be sought by augmenting supply and 
managing demand. In general, the options for 
augmenting supply are limited, because most 
conventional water resources are already being 
used. Unconventional water sources, such as the 
reuse of treated wastewater and desalination, 
can supplement available water resources in 
water-scarce areas. Water savings through 
conservation, more-efficient water use, and 
elimination of leaks and other losses in water 
distribution systems can contribute to the water 
supply. Managing demand through economic 
measures and well-thought-out development, 
agricultural, trade, and other policies should be 
an essential part of any strategy for achieving 
water security. Good governance of the water 
sector and adaptation of policies that discourage 
wasteful and inefficient water use are also 
essential preconditions for water security.

Virtual water and the water footprint are 
powerful concepts that can help the public 
understand how their everyday choices affect 
water availability and that can expand the 
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options for improving water security in front 
of policy and decision makers. These concepts 
make it easier to realize the global nature of 
water security and the need for global initiatives 
to ensure it.

Achieving water security for industries and other 
businesses requires a thorough understanding of 
the myriad processes and supplies dependent on 
water, along with a systematic accounting of the 
quantities involved to identify opportunities for 
more-efficient water use. Water-security-related 
risks must be identified and a strategy developed 
for dealing with such risks. Use of the proper 
metrics can help assess progress toward the 
goals of the water strategy.

Achieving water security also requires action 
at all levels, from individual choices to the 
development and implementation of appropriate 
policies at local, regional, and national levels. 
International coordination and collaboration 
in water governance reform can help ease the 
threats to global water security. Raising public 
awareness about water’s increasing scarcity can 
help influence politicians to adopt agricultural, 
economic, and other sustainable development 
policies that do not promote growth at the 
expense of security, because any threat to water 
security is also a threat to growth.  
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