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Part I

Global Context of Freshwater Resources



Chapter 1

Global Water Availability, Distribution
and Use

Water is one of the most widely distributed substances across the world’s surface
and is crucial for a variety of aspects of human health, development and well-being

as well as for the functioning of natural ecosystems. It has been recognised as a

fundamental human right internationally and consequently needs to be managed

both effectively and efficiently to ensure that global water needs are met. The

distribution of water across the globe is uneven and the availability thereof becom-

ing an increasingly major concern. The main water use sectors, grouped in terms of

agriculture, industrial (includes industrial activities, mining and energy) as well as

municipal/domestic, recreational and environmental water use, have an influence

on water availability through physical water abstraction as well as through water

degradation. Global challenges in terms of water availability and water use are

highlighted. Focus is placed on the availability, distribution and use of freshwater

resources on a global scale.

1.1 Introduction

Water is one of the most widely distributed substances to be found in the natural

environment and constitutes the earth’s oceans, seas, lakes, rivers and underground
water sources. This substance is crucial for various aspects of human health,

development and well-being. The United Nations has recognised the importance

of this resource by incorporating it into the Millennium Development Goals

(MDGs) and by proclaiming the years 2005–2015 as the International Decade for

Action ‘Water for Life’ (UN Water 2011). The importance of water has continued

to be recognised with the incorporation thereof into the new Sustainable Develop-

ment Goals (SDGs) which are Global Goals primarily set to transform the world

and part of the 2030 Agenda for sustainable development. Water has thus been

© Springer International Publishing AG 2017
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continually recognised as a fundamental human right internationally and it is vital

that it be managed effectively and efficiently on a global and national scale. This -

Chapter will focus upon the availability, distribution and use of freshwater

resources on a global scale.

1.2 Water Availability and Distribution

Approximately 75% of the Earth’s surface is covered by water. However, this is just
an estimate as the dynamic nature and permanent motion of water makes it difficult

to reliably assess the total water stock/store of the earth. Current estimates are that

the earth’s hydrosphere contains approximately 1386 million km3 of water. How-

ever, not all of these resources are potentially available to humans since freshwater

is required by the agricultural sector, industries, and domestic and recreational users

(Kibona et al. 2009; Cassardo and Jones 2011; Lui et al. 2011).

Figure 1.1 shows that 97% of the Earth’s water occurs in oceans and is saline.

Approximately three percent (3%) of the water on Earth is fresh water and its physical

state varies from being a liquid, to becoming a gas or a solid. Approximately 69% of

the Earth’s fresh water is locked up in glaciers, ice caps and permanent snow cover in

the polar regions. Groundwater accounts for 30% of the freshwater on Earth, while

only 0.3% of all freshwater is contained in river systems, lakes and reservoirs (Kibona

et al. 2009; Cassardo and Jones 2011; Lui et al. 2011).

As indicated in Fig. 1.2, approximately 99% of water is described as unfit or

unavailable for human consumption. The remaining one percent (1%) consists mainly

of groundwater, which can be difficult and costly to obtain. Only 0.0067% of the total

water on Earth is fresh surface water that can be used. This leaves a total of around

2120 km3 of freshwater that is available for human use and consumption (Cassardo

and Jones 2011).

Numerous desalinisation plants, in fact more than 14,000, have been developed

over the globe as a result of limited freshwater supplies. These plants produce over

60.5 billion litres of water daily and most of the Persian Gulf countries rely on such

plants. Thus, without the implementation of these desalinisation plants or reverse

osmosis technologies, the world’s potable water supply would be very limited

(Kibona et al. 2009; Curry 2010).

The most fundamental function of water is firstly as a prerequisite for life on

Earth and secondly, as a commodity or economic resource. These two roles are

constantly in conflict with each other in many areas of water usage. This has led to

the exploitation of water through human activities which has in turn placed huge

risks on aquatic ecosystems and the life that they support (Pimentel et al. 2010).

The distribution of water across the world’s surface also plays a role. It is

important to note that both the human population and water resources are unevenly

distributed across the Earth’s surface. Areas that are densely populated by human

populations do not necessarily coincide with regions that are rich in water supplies.

The minimum basic water requirement for human health is 50 L per capita per day

and the minimum amount of water required per capita for food is approximately

4 1 Global Water Availability, Distribution and Use



400,000 L per year, as estimated by the World Business Council for Sustainable

Development. However, regions such as the United States of America (USA)

consume more than eight times that amount for human consumption and four

times that amount per year for food production. This confirms the fact that water

Fig. 1.1 Distribution of the Earth’s water (Lui et al. 2011)

All water on Earth

All usable by humans 1%

Unusable 99%

Groundwater 99%

Lakes 0.86 % Rivers 0.02%

Fig. 1.2 Water available on Earth for human consumption (Lui et al. 2011)
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resources are unevenly distributed across the world (Kibona et al. 2009; Pimentel

et al. 2010; Cassardo and Jones 2011). According to these minimum requirements,

the total amount of water available on Earth is sufficient to provide for the whole

population. However, most of the total freshwater is concentrated in specific

regions, such as North America, while other regions such as the Middle East and

North Africa face a water deficit (Cassardo and Jones 2011).

The changes that are currently being experienced in the further development of

regions across the world have resulted in a pandemic array of changes in the

terrestrial component of the water cycle. These changes relate in part to universal

transformations in the global water system and are not isolated. Amongst others,

they include the universal changes in freshwater systems in terms of the following.

Physical characteristics: These include long-term changes in surface and subsur-

face moisture storage and runoff, and persistent changes in precipitation and hydro-

logical patterns. It is said that researchers generally have a limited understanding of the

global scale manifestation of local hydrological mechanisms, as well as the intensity

of such changes in the different regions. The altercation of physical characteristics of

freshwater systems through developments such as mining operations can change

characteristics such as the system’s soils, wetland hydrology and geomorphology

within one region and have unintended altering effects or cumulative impacts such

as increased sedimentation or the altercation of a different freshwater system in

another connected region or area (Alcamo et al. 2008).

Chemistry and biology: These include long-term alterations in the flow of

nutrients and sediments toward the oceans, as well as the key levels of water quality

and habitat parameters. The over utilization of freshwater systems through various

human activities can be accompanied with an influx of nutrients within aquatic

habitats and consequently greatly reduce aquatic organisms and hold severe con-

sequences for aquatic ecosystems. An example of this could include the continued

increase of waste water in the degradation of water quality on aquatic ecosystems

and freshwater fisheries which remain an important protein for the poor population

(Alcamo et al. 2008).

Anthropogenic water use and withdrawal: These include rapidly changing

patterns of water consumption across different economic sectors and regions.

Industrialised countries now tend to be associated with reduced withdrawals of

water while the volumes of water withdrawn in the developing regions are increas-

ing. These trends have caused changes in water stress patterns with uncertain global

implications (Alcamo et al. 2008).

1.3 Water Use

Fresh surface water is mainly used across the globe as it can be easily extracted. It has

recently been estimated that the approximately 69% of worldwide usage of water is

for agriculture, mainly in the form of irrigation; 22% for industrial purposes, eight

percent (8%) for domestic purposes, and one percent (1%) for recreational use

(Kibona et al. 2009; Rosegrant et al. 2009; Cassardo and Jones 2011).
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