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Introduction

Water is essential to human life, a source present everywhere and used for economic
activities and indispensable to urban life. Its role is also important for flora, fauna and the
production of energy and navigation in terms of quantity and quality.

As a result, we can say that water equals life. Unfortunately, water resources are consumed
on a daily basis, so our blue planet will soon be thirsty. By 2050, around 9 billion people
will need water. In fact, experts predict that all surface water will be consumed by 2100,

and that all the water available in the Earth's water cycle will be completely depleted by

2230.
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Figure 1: Freshwater availability worldwide with an integrated colored scale
Source: 1

This course aims to explain the importance of water in urban planning and how this
sector operates on the national and international levels its role in growth. This course
is considered a basic teaching unit for second-year bachelor’s students, as it introduces
them to one of the most important elements of regional planning which is: water

management.

The water cycle:

Water circulates around the Earth in different forms: clouds, rain, rivers and oceans. It flows
from the ocean to the atmosphere, from the atmosphere to the Earth, from the Earth to the

4




WATER AND DEVELOPMENT Presented by: Dr Roufeida Aibeche

ocean, and so on, repeating itself ad infinitum. at the same time. In this cycle, all the aquatic
environments in the basin (groundwater, lakes, etc.) are interdependent.

Water has been a vital component of Earth's ecosystems, continuously operating in a closed
cycle for billions of years. This cycle begins with the sun, the driving force behind the
transformation of seawater into vapor. As sunlight warms the vast oceans, water molecules
escape into the atmosphere through evaporation. Rising high into the sky, these molecules
cool and condense, merging to form clouds that float gracefully across the heavens.

The movement of clouds is governed by the invisible forces of wind and gravity. Winds
carry them across continents, while gravity influences their altitude and behavior. Within
the clouds, countless tiny droplets of water collide and merge, growing in size and weight.
This dynamic process is a constant, delicate balance, influenced by temperature, air

pressure, and humidity.
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Figure 2: the water cycle. Source : 2

When these water droplets become too heavy to remain suspended, they fall to the Earth as
precipitation in various forms, such as rain, snow, or hail.

This life-giving water replenishes rivers, lakes, and underground reservoirs, sustaining
plants, animals, and human communities. The cycle, seamless and unending, ensures the
renewal of Earth's freshwater resources, linking every living being to this ancient and
extraordinary process.This rainwater feeds the water table, which in turn feeds the rivers
that flow into the sea, and so the water's journey begins again, without end.

The water cycle can be broken down into several stages:
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e Evaporation
e Condensation

e Precipitation

Water that can't infiltrate the ground directly runs off the slopes and into lakes and rivers,

this water follows their courses to reach the seas and oceans.

Precipitation g .

Ground auface

Groundwater

Flow discharge

Figure 3: Flow and infiltration diagram. Source: 3

All surface water, including streams, rivers, and lakes, is collectively referred to as drainage
water, an essential component of the planet's water cycle. This water moves across the land,
carving paths through valleys and landscapes, eventually finding its way to larger bodies
such as rivers and lakes. These waterways not only transport water but also carry nutrients,
sediments, and organic matter that support diverse ecosystems along their routes. They are
dynamic and interconnected, shaping the environment as they flow toward their ultimate

destination—seas and oceans.

During its journey, water often lingers in natural reservoirs, such as wetlands, lakes, and
underground aquifers, where it may remain for weeks, years, or even centuries. These
reservoirs act as temporary storage points, playing a crucial role in regulating water
availability, supporting biodiversity, and maintaining the hydrological balance. Eventually,
the water continues its cycle, driven by the forces of gravity, heat, and time, flowing once

again toward the seas and oceans, where the process begins anew.
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The duration water spends within a specific reservoir is known as its residence time, a
critical concept in understanding the dynamics of the water cycle. Residence time varies
significantly across different reservoirs, reflecting the complexity of Earth's hydrological
system. For instance, in the atmosphere, where water exists as vapor and clouds, its

residence time is remarkably short—about eight days—comprising just 0.03% of Earth's

Figure 4: the Glaciers. Source : 4

freshwater. Rivers also exhibit brief residence times of only a few days, as their flowing

waters are constantly replenished and moved downstream.

In contrast, other reservoirs retain water for much longer periods. Lakes hold water for an
average of 17 years and account for 1.47% of Earth's freshwater. Groundwater, hidden
beneath the surface, showcases an extraordinary range, with residence times spanning from
mere days to several thousand years, contributing to 22.5% of global freshwater. Oceans,
while containing a vast volume of water, exhibit residence times of approximately 2,500
years, holding 3% of Earth's freshwater. Glaciers, which dominate the freshwater reserves
at 76%, lock water away for thousands of years, acting as frozen archives of Earth's
hydrological and climatic history. Together, these varied residence times highlight the

dynamic yet interconnected nature of Earth's water systems.

Since the 1992 Rio Conference, 1’ Académie de 'Eau (Water Academy) has stood at the
forefront of addressing the intricate connections between water and various disciplines.
This institution, composed of water specialists alongside experts in life sciences, earth
sciences, and land-use planning, is dedicated to fostering a deeper understanding of the
critical role water plays in shaping our world. Its principal mission is to illuminate the
multifaceted relationships between water and other fields, recognizing water as a
cornerstone of environmental preservation and a determinant of the quality of life for

communities worldwide. (UNESCO official site)
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Central to its efforts is the acknowledgment that water is not merely a natural resource but
an integral element that intersects with urban development, agriculture, infrastructure, and
ecosystem conservation. L’ Académie de I'Eau works tirelessly to explore these
intersections, emphasizing the need to balance resource management with sustainable
development. By fostering interdisciplinary dialogue, it seeks to address the pressing
challenges posed by urban expansion, industrialization, and climate change, all of which
have profound impacts on water resources and their availability. (UNESCO official site)
Moreover, I’Académie de 1'Eau is acutely aware of the constraints that arise from the
complex interplay between water and land-use planning. Effective land management
requires careful consideration of water availability, quality, and distribution to prevent
overexploitation and environmental degradation. By advocating for policies and strategies
that integrate water considerations into planning processes, the academy contributes to
creating resilient communities and ecosystems. Its work underscores the urgency of aligning
development goals with the principles of environmental stewardship to ensure a sustainable

future.

1. The state of water resources in Algeria

The impact of water on human health, the environment and the quality of life is very strong
because of its presence and interactions in all areas, its cycle brings it into contact with the
whole earth (runoff and erosion, infiltration, pollution ... ) and gathers it in rivers, aquifers
and the sea, so the major interest of man must be to understand the water cycle and learn to
consume without endangering the environment.

Conventional water refers to water sourced from traditional and readily accessible origins
such as rainwater, river water, and underground aquifers. These sources have sustained
human needs for millennia, providing the foundation for drinking water, agriculture, and
hygiene. On average, a person requires approximately 3.5 liters of water per day to meet
basic hydration needs. However, daily water consumption increases significantly when
accounting for essential activities like washing, cleaning, and cooking.

In developing countries, this can amount to 50 liters per person per day, reflecting the
minimum requirements for a modest standard of living.

As living standards improve, water consumption tends to rise dramatically due to the
adoption of modern conveniences and luxuries. For instance, the use of toilets, washing

machines, and the maintenance of private gardens and swimming pools significantly
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increase household water demand. In industrialized nations like the United States, average
water consumption reaches an astounding 450 liters per person per day.

This trend highlights a growing challenge: the more developed and industrialized a society
becomes, the greater its water consumption. As traditional water sources become
insufficient to meet these escalating demands, the focus has shifted to exploring alternative
sources to address the shortfall.

Unconventional water sources have emerged as a crucial solution for addressing water
scarcity in the face of rising consumption. These non-traditional sources include saline
water, brackish water, and even polluted water that would otherwise be unsuitable for direct
use. To make these sources viable, advanced techniques and treatments are employed.
Desalination processes remove salt and impurities from seawater, rendering it potable and
suitable for various applications. Similarly, water treatment technologies purify polluted or
wastewater, making it safe for reuse. These innovations represent a vital step forward in
ensuring that growing populations and industrialized nations have sustainable access to

water resources while minimizing the strain on conventional supplies.

1.1. Conventional water Algeria, the largest country in Africa and the

Mediterranean, covers an area of 2,383,741 kmz?, but 87% of this surface area is
represented by the Sahara and the desert, i.e. 2 million km2. The climatic zones
are highly diversified, and the climate varies from Mediterranean to Saharan, As
a result, as shown in the table below, Algeria ranks among the poorest countries
in terms of water potential, and is far from the theoretical consumption per capita
per year set by the World Bank at 1000 m3.

United states 1840 Morocco 387
Canada 1623 Algeria 201
Spain 1040 Vietham 371
Italy 976 UK 292
Australia 839 Senegal 151
Japan 735 Cambodia 48
France 547 Tchad 26
Germany 532

Table 1: Water potential in some countries. Source: 4
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As shown in the previous table Algeria’s water potential divided by population is one of the
lowest worldwide in comparison to other countries such as Canada or France that already
have installed a very efficient water management policies which contains water recycling
and preservation of resources.

Algeria's water resources come from surface water and renewable and non-renewable
groundwater, but they are not evenly distributed in terms of geography, quantity or type.
Climatic data show a steep gradient in precipitation from north to south, and a second, lesser
gradient from east to west; Algeria's geography divides the country into clearly
differentiated regions in terms of relief, climate, agricultural capacity and aquifer reserves.
The mountain ranges of the Tellian Atlas and the Saharan Atlas, spread out at varying
distances from the coast, distinguish the rainy north from the dry south. Between the eastern
Tell and the western Tell, rainfall and climate mark a similar difference” (Despois & Raynal,
1975, p87).

These climatic parameters determine the distribution of the Algerian population and urban
development. They enable us to distinguish three major regions favorable to urbanization:
the coast, the plains and the Tell highlands. In fact, Algeria is divided into four major
bioclimatic zones:

e Humid and sub-humid zones

10
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e Semi-arid zones

B Warm desert climate (BWh)
Cold desert climate (BWk)
‘Warm semi-arid climate (BSh)
Cold semi-arid climate (BSk)
Warm mediterranean climate (Csa)

Figure 5: Algeria's climatic regions (Bwh) scale 1/8000 . Source: 5

1.1.1. Pluviometry and Surface Water

In Algeria, rainfall decreases from east to west and from north to south. Eastern Algeria is
the wettest region, with an average annual rainfall of 530 mm. The Centre comes second
with 480 mm. Finally, the West is drier, with an annual average of 260. Over the country as
a whole, average rainfall amounts to 89 mm/year (FAO, 2015), the water that does fall is
not captured in its entirety, droughts punctuate the country's history and aridity is a constant
threat.

What's important to stress here is that Algeria’'s climate is characterized by marked aridity
and irregular rainfall. According to specialists, by 2025 Algeria will experience a drop in
rainfall of between 5% and 13%, and a rise in temperature of between 0, 6 to 1.1°C
(Anonymous, 2009). Similarly, in the space of some forty years, between 1962 and 2000,

11




WATER AND DEVELOPMENT Presented by: Dr Roufeida Aibeche

the annual per capita water supply was divided by 3, from 1,500 to 500 m3/capita/year, as
shown in the following table:

Year 1960 1990 1995 1998 2000 2020 2030

water supply per | 1500 720 680 630 500 430 /
m3/inhabitant/year

Table 2: Annual water supply per m3/inhabitant/year in Algeria. Source:30

Water resources, threatened by human, industrial and agricultural activities, and by global
warming, have become a major issue. However, it has to be admitted that water resources

in Algeria are limited, vulnerable and unevenly distributed.

The country's natural water potential is estimated at 18 billion m3/year, broken down as
follows: 12.5 billion m3/year in the northern regions, including 10 billion in surface runoff
and 2.5 billion in underground resources (renewable). 5.5 billion m3/year in the Saharan
regions, including 0.5 billion in surface run-off and 5 billion in underground resources
(fossil aquifers). The uneven distribution of rainfall means that surface water is also poorly
distributed.
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Figure 6: Algerian catchment areas.

Source: 6
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Coastal zones are better endowed with water than semi-arid and arid zones, which leads us
to say that Algeria, by the force of nature and humankind, is today faced with a problem of
availability in sufficient quantity and quality.

In 1996, Algeria undertook a major step in the management and conservation of its water
resources by dividing the country into five hydrographic regions. These regions were
designed to group together the nation’s 17 distinct watersheds, creating a more streamlined
framework for water resource planning, allocation, and conservation. This reorganization
was an acknowledgment of the diverse hydrological landscapes within Algeria, from arid
desert basins in the south to more temperate, river-fed basins in the north. The establishment
of these regions aimed to optimize the management of water resources across a country
characterized by significant climatic and geographical variations.

The legal foundation for this restructuring was laid out in Executive Decree No. 96-100,
which provided a clear definition of a hydrographic basin. According to the decree, a
hydrographic basin is "the topographical surface drained by a watercourse and its tributaries
in such a way that any flow originating within this surface follows its course to the outlet.”
This definition underscores the interconnectedness of water systems within a given basin,
emphasizing that every drop of water, whether from precipitation o tofan
integrated system that culminates at a single outlet. This holistic perspecuve enauies better
planning for water use, pollution control, and ecosystem protection within each basin.

The decree also established the standard status for public management institutions tasked
with overseeing these hydrographic regions. These institutions play a critical role in
monitoring water resources, implementing conservation policies, and addressing challenges
such as drought, over-extraction, and pollution.

By grounding their work in the concept of hydrographic basins, these organizations can
ensure that water management practices are ecologically sustainable and aligned with the
needs of both local communities and the environment. This forward-thinking approach has
been essential for addressing Algeria’s growing water demands while safeguarding its

limited and precious water resources.

1.1.2/ Groundwater resources

Renewable groundwater resources in the northern part of the country are estimated at around
1.5 km3/year. These aquifers are fed mainly by rainfall, the distribution of which remains

irregular in both time and space. The total volume of groundwater exploited is estimated at

13
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3.2 billion m3/year: 1.8 billion m3/year in the north of the country and 1.4 billion m3/year

in the Saharan regions.

The potential in terms of groundwater infrastructure is made up of 23,000 boreholes and
60,000 wells (2012). Groundwater resources make a major contribution to satisfying

drinking, agricultural and industrial water needs.

In many urban and rural areas, they represent the only source of water supply, due to the
scarcity or non-existence of surface water resources. However, the quality and quantity of
this heritage is threatened on a daily basis (many groundwater tables have high levels of

salinity, with dissolved salts ranging from 2 to 5 g/I).

The exploitation of water resources in Algeria has become increasingly intense, driven by
the ever-growing demands of a rising population and expanding economic activities. As
urbanization, industrialization, and agriculture progress, the pressure on these finite
resources continues to mount, making sustainable management a critical priority. This
challenge is particularly acute in regions where water availability is limited, and effective

resource allocation is essential to balance human needs with environmental conservation.

.
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Figure 7: the Northern Sahara aquifer in Algeria, Tunisia and Libya.
Source: 7
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As shown in figure 7 where the CT stands for the Complexe Terminal (Terminal Complex)
and CI stands for the Continental Intercalaire (Intercalary Continental). These are two
major, deep, confined, transboundary aquifer units within the Northwestern Sahara Aquifer
System (NWSAS) that are crucial sources of groundwater in Algeria, Tunisia, and Libya.
In the southern part of the country, Algeria is home to significant underground water
reserves, particularly within the intercalary continental and terminal complex aquifers.
These aquifers form part of the vast Septentrional Sahara Aquifer System, a shared resource
spanning Algeria, Libya, and Tunisia. This system contains an estimated 40,000 billion
cubic meters of water, making it one of the largest freshwater reserves in the world.
Covering an expansive area of one million square kilometers, it represents a vital resource
for the three nations. Currently, the annual exploitation of this aquifer is estimated at 2.7
billion cubic meters, providing essential support for agriculture, domestic use, and industrial

development.

However, the intensive exploitation of the Septentrional Sahara Aquifer System is not
without significant risks. Overuse of these resources has led to salinization of the water,

which reduces its quality and suitability for consumption and irrigation.
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Figure 8: Diagram showing the distribution of water points since 1950 to 2012

Source: 8

The drying up of natural outlets further exacerbates the problem, threatening ecosystems
and diminishing water availability for downstream users. Additionally, the shared nature of

this resource introduces the potential for interference and conflicts between the three
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countries that depend on it. Effective transboundary cooperation, sustainable extraction
practices, and innovative management solutions are urgently needed to address these

challenges and ensure the long-term preservation of this invaluable resource.

The three countries concerned by the future of the system are therefore condemned to work
together to find a form of joint management of the Saharan Basin (the following document
shows the start of the cooperation agreement before political changes happened in one of

the countries) in order to minimize the nuisances associated with these risks.

The studies carried out in this aquifer system have highlighted the most vulnerable zones,
but have also identified new abstraction zones, so the necessity for an appropriate decision-

making tools and a mechanism for consultation and cooperation is essential.

Figure 9: the agreement signed between the three countries concerned in 2013. Source: 9

1.2 Non-conventional water

The use of non-conventional resources and short water use cycles could limit or reduce
pressure on conventional resources, non-conventional resources include water from
seawater or brackish water desalination and the reuse of treated wastewater, each has its

own advantages and disadvantages in terms of management and use.
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With current water treatment and management technologies, it is possible to set up such a
cycle where direct withdrawals of conventional resources would represent only 10-20% of
the sum of all requirements. However, such cycles are solutions specific to each location
and territory studied. This means that, on the scale of a given territory, we need to carry out:
- A precise spatio-temporal inventory of water requirements, in terms of both quality and
quantity, in order to classify the different uses,

- A precise spatio-temporal inventory of resources, in terms of quality and quantity, as well
as the fragility or robustness of the environment and existing facilities,

- A realistic forecast and projection of the evolution of different needs over time.

The vast quantities of water in the world's seas and oceans can give the impression that this
resource is inexhaustible, making it easy to assume that we can rely on desalination to meet
our growing water needs. After all, seawater covers approximately 71% of the Earth's
surface, and its potential as a water source seems virtually limitless.

However, while desalination technology, particularly reverse osmosis, has advanced
significantly in recent years, the process is far from a simple solution to the world's water
challenges. The scale of desalination required to meet large-scale water demands is still a
daunting task that must be carefully balanced with environmental considerations.
Desalination, despite its technological improvements, comes with significant environmental
drawbacks that cannot be ignored. One of the primary concerns is the energy consumption
associated with the process, which requires large amounts of electricity to separate salt from
seawater.

This energy demand can place a heavy burden on the environment, particularly if the energy
is sourced from fossil fuels, further contributing to carbon emissions and climate change.
Additionally, the brine waste produced during desalination, which is highly saline, can be
harmful when released back into marine ecosystems, potentially disrupting local habitats
and marine life. Chemical discharges from the desalination process also pose a risk to water

quality and biodiversity.

From a sustainable perspective, desalination should be considered a supplementary, rather
than a primary, source of water. Experts agree that desalination can only reliably meet less
than 10% of global freshwater requirements, primarily as a back-up resource in areas where
other water sources are scarce or polluted. As such, it is essential to prioritize more
sustainable water management practices, such as water conservation, wastewater treatment,

and improved agricultural irrigation methods, while exploring the potential of desalination

17
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as a last-resort solution. In the long term, a balanced, multifaceted approach to water use is
necessary to ensure a sustainable future for both human populations and the planet.

2. Mobilizing water resources

The mobilization of water resources can be defined as all the efforts made to collect, manage
and use the various water sources available in an efficient, sustainable and equitable way,
in order to meet human, industrial, agricultural and environmental needs.

This mobilization includes the collection, storage, treatment and distribution of water, as
well as the implementation of policies, practices and technologies aimed at optimizing its
use while preserving the quality of water resources and taking into account future needs. In
short, water resource mobilization involves maximizing the use of available water resources
while guaranteeing their long-term availability and minimizing negative impacts on the
environment.

In Algeria, the mobilization of water resources is a crucial issue due to the scarcity of water
resources in certain regions of the country and the high demand for water for agriculture,
industry and domestic needs.

2.1.1. 2.1 Infrastructures and structures

2.1.2. Development of dams and hill reservoirs

Hill dams are impoundments created by an earthen dam, with capacities ranging from a few
tens of thousands to a million cubic meters of water collected in catchment areas varying in

size from a few hectares to several tens of square kilometers.

Algeria currently has 75 dams in operation, five (5) of which are due to come on stream
shortly, in addition to five (5) other dams under construction. The largest of these is the Beni
Haroun dam, a gravity dam located in the far north of the Mila wilaya, with a capacity of
960 million m3.

The actual mobilizable capacity in Algeria is estimated at nearly 5.4 billion m3/year for the
country as a whole, while the surface resources mobilized by dams in operation are

estimated at 2.2 billion m3/year, out of a storage capacity of around 5 billion m3.

It should be noted that more than two-thirds of the volume of surface water that can be
mobilized is located in 4 of the 17 watersheds (Chlef, Algérois, Soummam, Constantinois),

which cover a surface area of 75,000 km2, or 3% of the national territory.
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2.1.1.1. Site and type selection for dams

The choice of dam site must be based on the following conditions:

Presented by: Dr Roufeida Aibeche

- Topographical conditions (watershed boundaries, topography of the river valley,

topography of the impoundment site to estimate impoundment volumes according to water

levels).

- Geological conditions (stability of supports and foundations, watertightness of the basin,

stability of slopes, state of fracturing .....).

- Hydrological conditions (reservoir catchment area, rainfall, river inflows, flooding, solid

input, etc.).
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Figure 11: Schematic of typical drainage basin and subdivision shapes.
Source: 11
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The best location is where the valley narrows, upstream of the narrowing, the valley must
be flatter and have a shallower gradient to allow the greatest volume to be stored, the dam

is the smallest and therefore the least expensive.

Figure 12 : Some types of rigid dams. Source: 12

A/The type of dam is chosen on the basis of local conditions:
- Geotechnical qualities of the substrate
- Construction material resources (in terms of quality and quantity)

The final decision is made taking into account the expected benefits (energy production, site
protection, etc.), costs (acquisition, works, etc.) and environmental impact (natural and

human).
B/Classification of dams by type of material and resistance to water pressure:

Dams less than 100 m high are referred to as ordinary dams, while others are referred to as
high-rise dams, dams are often classified on the basis of the type of construction materials

or the method of resistance to water pressure, the main types of dam are:
« Rigid dams (made of assembled materials)

- Weight dams

20
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- Buttress dams

- Arch dams

- Multiple arch dams

+«» Embankment dams (unassembled materials)
- Soil dams

- Rockfill dams

Figure 13: Soil dam. Source: 13

2.1.2. Water Wells and Boreholes

A water well or borehole is a vertical collection structure used to extract water from a

water table, contained in the interstices or fissures of a subsoil rock known as an aquifer.

Water can be brought up to ground level either very simply using a container (a bucket,

for example) or more easily using a pump, either manual or motorized.

Hand-dug wells are among the oldest sources of water supply. The first wells were very
simple holes, unprotected from landslides, which did not stand the test of time and have
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now disappeared. Much more numerous are the wells dating from the Copper, Bronze and
Iron Ages, which can be found everywhere.

Wells and boreholes are very diverse, whether in terms of depth, volume of water, cost or
water purity, which may or may not need to be treated before it can be consumed (and
which should be checked not only on completion of the work, but on a regular basis).

In fact, there are now three main categories of wells: dug wells, sunk wells and drilled
wells, more commonly known as boreholes, an ambiguous term that designates both a
structure and a construction technique. The choice of which type of well to use depends
essentially on the depth of the water table (for example, it would be very difficult or
dangerous for well-diggers to dig a well by hand at a depth of over 30 m), the
hydrogeological data available on the site, whether or not speed is required, and the cost of

the operation.

A well dug by hand with the participation of the local population is usually much less costly.
Finally, the opening of a well dug with a pickaxe is much larger (if only to allow for the
descent of the well-diggers) than that of a dark well made by sinking tools into the ground,
or of a borehole whose opening is, on the contrary, narrow given the tools used and the great

depth to be reached.

A/ Dug wells

Digging in the ground with a shovel and pickaxe is the simplest and oldest technique, and
is also the most tiring but least expensive. It requires relatively loose soil and a shallow
water table. These wells are often lined with stones to reinforce them and prevent them from
collapsing, but it is far preferable to line them (keep them vertical) with concrete rings, often

easily made on site with molds.

Alternatively, less rustic mechanical digging techniques can be used to reduce the physical

effort required.

The shafts dug are not very deep (usually between 10 and 20 m, exceptionally 30 to 40 m).
As they are shallow, they run the risk of being contaminated, and can dry out more easily

than other types of well.
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Figure 14: Dug well. Source: 14

B/ Driven wells (or wells with filtering points)

Driven wells are a type of water well typically created by driving a small-diameter,
pointed-tip perforated tube vertically into the ground. The driving process involves
pushing the tube back and forth to penetrate friable soils such as sand or gravel. This
technique allows the well to tap into groundwater reserves located beneath the surface,

offering a relatively straightforward method for accessing water.

DuG DRIVEN DARILLED

Figure 15: different types of wells. Source: 15
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The tube is usually fitted with a filter or strainer at the bottom to prevent sand, silt, and
other particles from entering the well, ensuring that the water remains clean and free of
debris. In some cases, a special technique known as "havage" is used, where the tube is

installed differently, but the general principle of water extraction remains the same.

Driven wells are typically used for extracting groundwater from moderate depths, usually
ranging from 15 to 100 meters, depending on the specific technique and soil conditions.
They are ideal for areas where the water table is not too deep and where other methods,

TYPES OF WELLS
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Figure 16: types of wells explained. Source: 16

such as drilling, may be cost-prohibitive. The well construction itself is relatively simple
and can often be completed quickly compared to other types of wells, such as drilled or
bored wells. However, the depth limitations of driven wells make them less effective in
regions with deeper groundwater tables, restricting their use to areas where shallow

groundwater is abundant and accessible.

Despite their advantages, driven wells, like dug wells, are still vulnerable to contamination
and other risks. The shallow nature of these wells makes them more susceptible to pollutants
from surface runoff, septic systems, or nearby industrial activities. Additionally, driven
wells are at risk of drying out, especially in times of drought or when groundwater levels
fluctuate. While they offer a practical solution in many scenarios, their limitations in depth
and vulnerability to environmental factors mean that they are less reliable over the long term
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compared to more advanced groundwater extraction methods. Ensuring their maintenance

and protection from contamination is crucial for preserving their functionality.

C/ Drilled wells or boreholes

A large number of modern wells are drilled using advanced techniques that allow access to
groundwater sources located deep beneath the Earth's surface. These wells are typically
created using two methods: percussion drilling, which involves a tool being repeatedly
struck against the ground, and rotary drilling, where a cutting tool such as an auger, drill, or

drill bit rotates around a vertical axis to break apart rock formations.

This rotary action allows for more efficient penetration of hard layers of earth, and the
broken rock residues are often brought to the surface as sludge, where they can be removed
and disposed of. These wells can reach impressive depths of up to 300 meters, providing
access to groundwater reserves that may otherwise be unreachable through traditional
methods.

In addition to modern wells, Algeria’s water management system relies heavily on a
variety of hydraulic infrastructures, such as dams and boreholes, to harness and distribute
conventional water resources. Dams are particularly important in the northern regions,
where they store water from seasonal rainfall and help regulate water flow for agricultural,
industrial, and domestic use. Boreholes, on the other hand, are often drilled in areas where
groundwater is the primary water source, particularly in arid and semi-arid regions like the
Saharan zone. These infrastructures are essential in ensuring that water is available

throughout the year, despite the country’s erratic rainfall patterns.

Another key component of the hydraulic system is the network of canals, which serve to
channel water from one location to another, providing a reliable means of irrigation and
transportation. Canals are often constructed to compensate for the lack of natural rivers or
to replace those that are difficult to navigate due to seasonal changes, sedimentation, or
erosion. These man-made waterways ensure that water can be transported efficiently over
long distances, facilitating the irrigation of farmlands, the supply of water to urban areas,
and the support of local economies. The use of canals plays a critical role in managing
Algeria’s water resources, especially in regions where natural watercourses are scarce or

unreliable.
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2.2. Channeling and treatment

2.2.1. Components of a water supply system AEP

A/ Backflow or pumping stations

Is the part between the pump and the reservoir, the pump in the borehole pumps the water

back to the reservoir or water tower through the discharge pipe.

B/ Storage

Serves two purposes:

e To build up a reserve of water, available even when the pump is stopped
e To separate pumping from distribution, otherwise you would have to pump every

time someone wanted water, and stop as soon as all the taps were turned off.

From the reservoir, the water flows through the pipes under its own weight, so the higher
the reservoir, the further and faster the water can go, that is why some reservoirs are on the
ground (cheaper), but others have to be raised - water towers - so that the water has sufficient

pressure to supply the whole village.

Water wants to return
Pumping to this level.

Station

Pressure
Created

NN NSNS
SSSSUSTN

Figure 17 : Diagram of water mobilization. ~ Source : 17
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Figure 18 : metal water tower.  Source : 18

Water towers are either made of metal (when a small capacity is required) or reinforced

concrete (for larger capacities, but more expensive).

C/ Distribution

Refers to the part after the reservoir: The network

The distribution network is used to distribute water to distribution points (standpipes,
drinking troughs, truck-filling jibs, individual connections). It consists of a set of pipes (in
PVC, polyethylene or galvanized steel), buried in the ground, with special components to

facilitate maintenance (fittings, valves, suction pads, manholes).

A network can be either arborescent, i.e. made up of branches that separate to go to water
points (more economical), or meshed, i.e. its branches can join together to form loops

(meshes), which ensures better pressure balance (but complicates leak repair).
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Figure 19 : The two Different types of water distribution network. Source : 19

D/ Water points

- Standpipes (or BF): These are public water points, serving non-subscribing residents. They

therefore have a high flow rate, and often several taps.

- Private connections (or BP): These are water points inside concessions; the household with

this water point is a subscriber to the water service.

- Watering troughs: These are watering points for livestock, designed to facilitate the

watering of different types of animal. Here, the water is particularly dirty.

Figure 20 : a drinking trough.  Source: 20
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2.2.2. The different drinking water treatment processes

Water treatment is a critical process that ensures the safety and quality of water before it is
supplied to the population. There are two primary levels of treatment, each corresponding
to the quality of the water source being used. The first level applies to water resources of
poor quality, such as surface water from rivers or lakes, which are often contaminated with
organic matter, pathogens, and pollutants. For such sources, treatment is absolutely essential
from the very beginning, typically at the catchment stage, before the water can be made safe
for public consumption. The water must undergo a thorough cleaning process, often
involving filtration, to remove these impurities and ensure it meets safety standards for

drinking.

In contrast, the second level of treatment applies to resources considered to be of relatively
good quality, such as water drawn from boreholes or wells. Although these sources may not
be immediately contaminated, there is still a risk of pollution due to factors like aging
infrastructure, poor hygiene practices at water collection points, or leaks in the distribution
network that allow soil or bacteria to enter the water. In these cases, treatment is still
necessary to prevent contamination and ensure the water remains safe for use. One common
method for treating such water is chlorination, which helps kill any potential pathogens,

making the water less vulnerable to further contamination.

Rapid filtration is a specialized method of water treatment used primarily in drinking water
systems. This technique involves forcing water through various layers of filters to remove
impurities, including suspended solids, bacteria, and other contaminants. The process is
effective in producing clean, potable water but comes with significant challenges. First, it
requires expensive equipment, including pumps and advanced filtration materials, which
need regular maintenance to ensure optimal performance. Additionally, specialized
technicians are required to monitor and maintain the system on a daily basis, adding to the
operational costs.

Due to these high costs and the need for specialized personnel, rapid filtration is typically
only used in large-scale pumping stations where there is sufficient infrastructure and
resources to support such an intensive treatment process. For smaller municipalities or rural
areas, the high financial burden often makes it an impractical option. Instead, alternative,
more cost-effective treatment methods may be employed for smaller-scale water projects.

Rapid filtration is, therefore, reserved for larger urban centers or industrial applications
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where the volume of water being processed justifies the investment in advanced filtration

technology.

The extensive investment required for rapid filtration means it is rarely seen in municipal
drinking water projects, particularly in regions where budgets for water treatment are
constrained. For many smaller communities, the focus may be on simpler, less expensive
methods of treatment, such as chlorination or basic filtration systems, which can still
effectively treat water for everyday use. These methods, while not as comprehensive as
rapid filtration, help mitigate the risks of waterborne diseases and improve overall public
health.

However, even in large cities where rapid filtration might be feasible, challenges remain.
Aging infrastructure, increased water demand, and climate change-related issues, such as
reduced water quality in source bodies, make maintaining effective treatment systems a
constant challenge. As such, water utilities must remain vigilant, ensuring that their systems
are regularly updated and maintained to prevent contamination and ensure a continuous

supply of clean water to the population.

Ultimately, the choice of water treatment method depends on a variety of factors, including
the quality of the water source, the scale of the treatment facility, and available resources.
Regardless of the method used, the goal remains the same: to ensure that the water supplied
to communities is safe, clean, and free from harmful contaminants. As water scarcity and
pollution continue to threaten global water supplies, investing in effective treatment systems
will be essential for safeguarding public health and ensuring access to safe drinking water
for all.

2.2.3. Water resource mobilization in Algeria

In its activity report for the first half of 2021, the Ministry of Water Resources of Algeria
painted a picture of both challenges and progress concerning the country's water resources.
The eastern regions of Algeria were noted to be in a "fairly comfortable™ situation, with
dams operating at a relatively healthy filling rate of 70%.

This positive outlook in the east contrasts with the more critical situation in the west and
central regions, particularly in Greater Algiers, where a "significant shortage" of surface
water resources continues to affect water availability. This discrepancy highlights the
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regional imbalances in water distribution, underscoring the need for targeted solutions to
address water scarcity in the more affected areas.

The report also emphasized the vital role of surface water in the country’s water supply,
with 60% of these resources being directed toward meeting the population's drinking water
needs. By the end of May 2021, the 80 dams in operation had accumulated reserves totaling
3.38 billion cubic meters (m3), a substantial volume considering the country’s water
demands. However, this amount still represents only a portion of the total potential, as these
dams have a combined installed capacity of 7.7 billion m3. The difference between available
and total capacity serves as a reminder of the need for continued investment in water storage
and management infrastructure to optimize the use of these resources, particularly during

times of drought or irregular rainfall.

In addition to surface water, Algeria also relies heavily on its groundwater resources to
supplement its water supply. The report revealed that there are 26,152 operational boreholes
across the country, which together produce 951 million cubic meters of water annually.
Groundwater remains an essential source of water, particularly in regions with limited
access to surface water, such as the arid southern areas. However, the continued extraction
of groundwater, without sufficient replenishment, raises concerns about long-term
sustainability, prompting calls for more efficient water use and stricter regulation of

groundwater resources to prevent depletion and environmental degradation.

To further bolster water availability, Algeria has also turned to non-conventional water
resources, including seawater desalination and brackish water demineralization. During the
first half of 2021, the Ministry highlighted the operation of ten major seawater desalination
plants and 26 brackish water demineralization plants, both of which play a critical role in
supplementing the national water supply. These plants produce desalinated water at an
average rate of 1.6 million cubic meters per day (ma3/d), while brackish water
demineralization plants add an additional 112,475 m3/d. These non-traditional sources of
water have become increasingly important in light of the growing pressure on conventional
water supplies, particularly in coastal regions and areas where freshwater resources are

limited.

These investments in desalination and demineralization are vital for ensuring the continued
availability of drinking water for Algeria’s population. As of 2021, the total volume of water

mobilized from both conventional and non-conventional sources is enough to supply the
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drinking water needs of around 43.9 million people. The total daily water demand across
the country is approximately 6.6 million cubic meters, with each person requiring an average
of 150 liters per day. This figure highlights the immense challenge of meeting the growing
water needs of a rapidly expanding population while also accounting for the demands of

agriculture and industry.

Despite these efforts, the report also signals the importance of balancing water demand with
sustainable management practices to ensure long-term water security. With surface water
resources under increasing pressure and groundwater being tapped at unsustainable rates,
Algeria faces a delicate balancing act between ensuring sufficient supply and safeguarding
its water resources for future generations. The reliance on non-conventional water sources,
such as desalination, plays an essential role in diversifying the country’s water supply and

mitigating the risks associated with over-reliance on conventional sources.

Ultimately, the activity report underscores the need for continued investment in water
infrastructure, technology, and management strategies to meet the country’s water demands
while ensuring the sustainability of its water resources. As climate change and population
growth add further strain to water supplies, Algeria’s future water security will depend on
innovative solutions, efficient water use, and a robust strategy for managing both
conventional and non-conventional water resources to meet the needs of its people and its

economy.

2.3. Major water transfers

Water transfers represent the transport of a volume of water from one geographical location
to another, often from a place of abstraction to a place of distribution and use. These
structures comprise a means of transport (pipe or canal), a means of propulsion (gravity or
pumping) and any intermediate water intake, storage and/or regulation/security structures.
The major transfers in Algeria are:
e Arzew-Oran "MAQO" and EL Harrache-Douéra
e Beni Harroun transfer with the passage of water from the ain kercha pumping
station to the koudiet M'daouar dam ( W.Oum EL Bouaghi_Batna), and the
Oued -djer diversion: this will transfer 25hm(cube)/year over a 3km tunnel

to the Bouroumi dam, currently in operation for the irrigation of 24,000ha.
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2.4,

Other transfers include the Taghrist dam (W. Khenchela ,kef Eddir W. de
Tipassa),Taht and its transfer(W .Mascara), Beni Slimane (W
.Médéa),Ouledjet mellegue ( W. Tébessa)

e QOued Athmania _Ain Kercha(W.Batna_khenchela),d’'Ain Kercha vers
barrage Ouurkis (W. Oum EL Bouaghi)

e transfer from Boussiaba dam to Haroun dam( W .Mila) ,

e transfer from Ighil emda to M ahouane (W. Sétif)transfer from Tabellout to
Draa Diss (W. Sétif) drinking water supply from Oued Athmania dam to
chelghoum EL Alaid , Tadjenant and Constantine.

e Transfer from Mostaganem to Arzew and Oran

e South/North transfer

e |n Salah /Tamanrasset transfer

Traditional means of mobilization

Traditional means of water mobilization refer to methods and techniques that have long

been used to access and use water, often before the advent of modern technologies.

These means have been developed over the centuries by different civilizations to meet

water needs for agriculture, human consumption and livestock breeding....

Two examples are given below:

Qanat: is a hydraulic structure designed to capture groundwater and convey it
to the outside world, it consists of a series of vertical wells connected to a slightly

sloping drainage gallery, which carries the water to cisterns or an insurgence.

Vertical access shafts Qanat

3

Qanat channel

Qanat outiet

Imgated area

Water table

Figure 21 : qanat.  Source: 21
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e The noria: "A hydraulic machine used for irrigation, consisting of an endless
chain wrapped around a drum and to which is attached a series of containers that

draw water from a well or stream and pour it, at the top, into a reservoir"”
(Green,Journal, 1933, p.140).

Figure 22: Noria. Source: 22

3. Human consumption

In the field of water use and consumption, it is essential to differentiate between several key
terms and concepts that help clarify the dynamics of water allocation and usage. These terms
include need, demand, abstraction, and consumption, each representing a distinct aspect of
how water is utilized. Understanding the distinctions between these concepts is crucial for
effective water management, especially in regions experiencing water stress.

These terms provide a foundation for evaluating both the quantity and quality of water
available for various uses, as well as for assessing the environmental and social impacts of
water consumption.

One important concept is "withdrawal,” which refers to the quantity of water taken from the
natural environment for use in various activities, whether for domestic, agricultural, or
industrial purposes. After withdrawal, the water is often returned to the environment,

typically after some form of treatment or use.
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This distinguishes it from "consumption,"” which involves the portion of water that is used
and not returned to nature. In consumption, the water is either absorbed into products or
evaporates, making it unavailable for reuse in its original form. Understanding the volume
of withdrawal and consumption is essential for tracking water usage and managing supply
systems effectively, especially in water-scarce regions.
"Water demand" is another critical concept, defined as the amount of water a user requires
to maximize their utility or health, assuming no physical or economic constraints. Water
demand can be influenced by a range of factors, including population growth, economic
development, and technological advances.
By estimating water demand, planners and policymakers can predict the quantities of water
required for various sectors and determine the risk of water scarcity in a given region. This
estimation allows for better planning and management of water resources, helping to gauge
water stress and inform decisions related to water conservation, infrastructure development,
and policy implementation.
Water demand has four main sources:

» Agriculture

» Energy production (hydroelectricity)

> Industrial production

» Domestic consumption (urban water cycle)

3.1. Aagricultural use

Agriculture is one of the economic sectors that uses the most raw water. This sector alone
consumes around 70% to 80% of the world's freshwater resources. In Algeria, agriculture
has long been a priority in the use of water resources, and is the largest water-consuming

sector in all regions of the world except Europe and North America.

Irrigation has played a considerable role in increasing food production in recent decades,
but its total contribution remains lower than that of rain-fed agriculture. A small irrigated
area can replace and produce as much as a larger, low-yield rain-fed area, but the

productivity of irrigated land is three times higher than that of cultivated, non-irrigated land.
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Figure 23: the World's water consumption and wastewater by sector 2020
Source:23

3.1.1. Irrigation techniques

Irrigation techniques that have been developed over time have largely evolved to provide
higher yields, while the volumes of water consumed have decreased significantly. The use
of old or traditional irrigation methods used by farmers in Algeria and the lack of modern
water-saving irrigation systems (such as sprinklers and drip irrigation) are the main factors

in water consumption
Several irrigation techniques can be distinguished:

e surface irrigation, which floods the entire cultivated area

e Sprinkler irrigation, which mimics rainfall, has certain disadvantages: it
moistens plants, which encourages the establishment and proliferation of
certain diseases, or affects the plant when the water used is of poor quality
or saline.

e Drip irrigation, which distributes drops of water to the plants, but only above
the rhizosphere.

e In-ground irrigation of the rhizosphere using pipes or porous containers
placed in the soil.

Drip irrigation and in-ground irrigation are two advanced water distribution techniques that
operate by delivering water at a very low flow rate, directly to the plant's root zone, often
referred to as the rhizosphere. This localized watering method ensures that each plant

receives the precise amount of water it requires, minimizing waste and improving water-use
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efficiency. By targeting water application directly to the roots, both systems reduce
evaporation losses that typically occur in traditional surface irrigation methods.
As a result, these techniques are particularly effective in water-scarce regions where

maximizing every drop of water is critical to sustainable agriculture.

The benefits of drip and in-ground irrigation go beyond just efficient water use. They also
lead to increased crop yields, as plants are provided with a steady and consistent supply of
water, optimizing their growth conditions.

Moreover, the precision of these irrigation methods reduces the need for excessive fertilizer
application. Since water is delivered directly to the root zone, the amount of fertilizer needed
is minimized, and the risk of fertilizers leaching into the groundwater is significantly
reduced. This not only helps to reduce pollution but also contributes to the protection of
surrounding ecosystems and the environment, making these irrigation methods both
economically and ecologically beneficial.

Rhizoplane:
immediate surface
of root

Rhizosphere; Soil volume
surrounding Rhizopiane
affected by root activity

Bulk Soil: 7he soil
not directly affected
by Iiving roots

Figure 24: the location of rhizosphere in roots. ~ Source: 24

3.2. Domestic use

Domestic water is conventionally clean, free from harmful elements. It is estimated that 20
to 40 liters of fresh water per person per day is the minimum required to meet drinking and
sanitation needs alone. If we add the needs of hygiene and meal preparation, this figure
varies between 40 and 200 liters on average, depending on local water availability.
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It should be noted that the more water is available, the more it is used. Barely a century ago,
most of the world's population (90%) lived in rural areas, whereas today around half live in

cities. Water use differs according to whether people live in urban or rural areas.

Populations without access to drinking water are mainly located on the Asian and African
continents, with rates of 65% and 27% respectively, compared with only 6% in Latin
America and 2% in Europe. Ethiopia offers access to drinking water to only 22% of its

inhabitants, the lowest rate in the world.

Access to drinking water close to the consumer has stimulated consumption, which has
increased considerably with installations such as washbasins, showers, bathtubs, toilets,
washing machines and dishwashers. The following figure shows the average water
consumption of these sanitary installations

) \J
[ 1&@3

-4
-

Figure 25: Water consumption by domestic activity. ~ Source: 25

Worldwide consumption of bottled water has grown steadily over the past thirty years,
averaging 12% a year. [Europeans are the main consumers. In the United States, 57% of
Americans regularly drink bottled water.

In Algeria, mineral water is defined by the Executive Decree of July 15, 2004, as water from
an underground aquifer, distinguished by its purity and specific content of mineral salts and
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other constituents. Spring water, on the other hand, is defined as exclusively underground
water, suitable for human consumption but microbiologically sound and protected against

the risks of pollution.

3.3. Industrial use

The relationship between industrial development and water consumption is undeniable, with
the industrial sector being a major consumer of freshwater worldwide. As countries become
more developed and industrialized, the demand for water from industries such as
manufacturing, energy production, and mining increases substantially.
On a global scale, the industrial sector accounts for approximately 22% of all freshwater
withdrawals. However, there is a notable disparity in water usage across different levels of
development. In highly industrialized countries, the industrial sector can consume up to 59%
of the total available water resources, reflecting the crucial role water plays in sustaining
modern industries. In contrast, underdeveloped nations rely far less on industrial water
consumption, with the industrial sector in these countries typically using only about 8% of
their total water supply.
In Algeria, the situation is unique. As of 2002, the industrial sector accounted for just 6%
of the nation's total water consumption. A significant portion of this water is used in the oil
extraction industry, which remains a dominant sector of the country's economy.
The oil and gas industry requires substantial amounts of water for various processes,
including cooling, drilling, and refining. While this relatively low industrial water
consumption rate might suggest a lesser burden on water resources, it also highlights the
country's reliance on its non-industrial water uses, such as agriculture and domestic needs.
As Algeria continues to develop its industrial sector, managing water resources efficiently
and sustainably will become increasingly important to ensure a balance between economic
growth and environmental preservation.
The most water-hungry industries are processing plants. The EI Hadjar industrial complex
(Annaba, Algeria), for example, requires a flow rate of 700 I/s at full capacity, roughly
equivalent to the AEP needs of the city of Annaba.
Water is an essential element involved in industrial production processes, as it participates
in:

e Production as a thermal fluid (production of steam, hot water, cooling water, chilled

water, etc.). For this purpose, water conveys and exchanges heat and cold within an

industrial site.
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e Water is used for washing and transporting raw materials.

e Water is used as a solvent, raw material, manufacturing agent or cleaning fluid for

equipment or manufactured products.

Water consumption in industry varies from country to country and from sector to sector.

The quality of industrial water depends on the activity, e.g. the food industry needs drinking

water, whereas the electronics, medical and biotechnology industries require ultra-pure

water.
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Figure 26: A classification of Water consumption by economic sector in worldwide.

4. International water law

@ Rest of world
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Source: 26

The right to water is a fundamental human right, ensuring that all individuals, regardless of

their economic status or origin, have access to a minimum quantity of fresh, clean water.

This concept recognizes water not merely as a resource but as an essential requirement for

life, health, and dignity.

The European Charter of 1968 was one of the first international documents to establish

water rights, acknowledging the importance of access to water for all people. However,

despite its broad endorsement by 146 states that have ratified the International Covenant,

the right to water remains a legal ambiguity, as it is not legally binding in many jurisdictions.
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This legal uncertainty surrounding the right to water raises several complex questions,
particularly regarding the nature of water itself. One of the central debates is whether water
should be treated as a marketable commaodity that can be bought and sold, like any other
product. In many regions, water is managed and distributed by private companies,
prompting concerns over its accessibility and affordability for marginalized communities.
The question of whether water can be considered a market commodity, subject to supply
and demand dynamics, contrasts sharply with the view that it is a shared resource meant to
be freely available to all.

At the heart of the debate is the distinction between goods and things. Goods are objects
that can be privately owned and provide utility to individuals, while things, by contrast, are
seen as resources that cannot be commodified in the same way.

This philosophical and legal discussion has profound implications for how water is
governed and accessed. Is water a "Good" that can be privatized and sold, or is it a "Thing"
that belongs to all and should remain under collective stewardship? This ongoing debate
continues to shape policies and legal frameworks around the world, as societies grapple with
the balance between the commercialization of water and its recognition as a basic human

right.

4.1. Shared water

One of the most significant challenges in global water management is the fact that two out
of every three major rivers and aquifers—over 300 in total—are shared between multiple
countries. These shared water resources often span political borders, and their management

requires cooperation, negotiation, and sometimes even compromise.

Rivers and aquifers that cross national boundaries do not adhere to the artificial divisions
created by human-made borders, making their use and conservation far more complex.
Countries must work together to balance competing demands and ensure the sustainable
management of these vital resources, which are crucial for drinking, agriculture, industry,

and overall economic development.

The impact of shared water resources is far-reaching, as roughly two out of every five people
on the planet rely on water that originates outside of their own country. This creates a
delicate situation where the actions of one country can directly affect the water security of

its neighbors. For example, upstream countries that control the flow of a river or the
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extraction of groundwater can have a significant impact on the availability of water for

downstream nations.

In some cases, this has led to disputes and conflicts over water allocation, as nations vie for
their share of limited resources. Managing these shared waters requires not only technical
solutions but also diplomatic negotiations, ensuring equitable access and fair distribution

for all parties involved.
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Moreover, the fact that 155 countries depend on upstream water sources for more than 50%
of their water needs further complicates the implementation of the right to water.

The right to access clean, safe, and sufficient water is enshrined in international law, yet the
realities of shared water resources often make it difficult to achieve. The legal and logistical
challenges of coordinating water use across borders, addressing pollution, preventing over-
extraction, and ensuring long-term sustainability require comprehensive and collaborative
approaches. These complexities highlight the importance of international agreements,
treaties, and cooperative frameworks that can help resolve conflicts and ensure that water

remains a shared resource that benefits all.

The 1997 New York Convention (Convention on the Law of the Non-Navigational Uses of
International Watercourses) has not been ratified, as its article 7 on financial compensation
posed a major problem of application. For example, the Danube flows through seventeen

countries, and the Nile through ten. There are, however, agreements on inter-state
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management of watercourses, for example between India and Pakistan (Indus Water

Treaty).

In Europe, the United Nations Economic Commission for Europe (UNECE) negotiated the

Convention on the Protection and Use of Transboundary Watercourses and International

Lakes, signed by the European Union at "Helsinski, 1992" and adopted at "London, 1999"

by other European Union states, including the Russian Federation.

5. Prospects for mobilizing and protecting water resources

The mobilization and protection of water resources are major concerns on a global scale,

given the vital importance of water for humanity and ecosystems, and the outlook for water

resource mobilization and protection:

Integrated water resource management (IWRM): IWRM is an approach that aims to
coordinate water management across different sectors (agriculture, industry, urban
planning) and to involve all stakeholders, including local communities, it promotes
sustainable water use by taking into account socio-economic and environmental
needs.

Investment in water infrastructure: The construction and maintenance of
infrastructure such as dams, irrigation systems and wastewater treatment plants are
essential for the efficient mobilization and management of water resources.

Use of innovative technologies: Technologies such as desalination, reuse of treated
wastewater, rainwater harvesting and intelligent management of water networks can
help increase water supply in areas where resources are scarce or under pressure.
Watershed protection: Watersheds are crucial areas for regulating water quality and
quantity. Protecting watersheds from deforestation, soil erosion, pollution and other
threats is essential to ensure the continued availability of fresh water.

Managing water-related risks: Extreme weather events, such as droughts and floods,
are becoming increasingly frequent as a result of climate change.

Strengthening international cooperation: As many water sources cross national
borders, international cooperation is essential to effectively manage transboundary

water resources.
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5.1 Critical zones

Critical water zones are regions where water resources are scarce, threatened or poorly

managed, creating significant challenges for local populations, ecosystems and economic

activities. These areas are often confronted with problems such as water scarcity,

degradation of water quality, conflicts of use and risks linked to climate change:

Arid and semi-arid regions: Deserts and semi-arid regions, such as Algeria and the
Sahel in Africa, the Middle East, and parts of Central Asia and South America, face
chronic water shortages due to low rainfall and high evaporation. These regions
often face challenges such as desertification, soil degradation and competition for
water resources between agriculture, cities and ecosystems.

Overexploited river basins: In many parts of the world, river basins are
overexploited due to the growing demand for water for agriculture, industry and
domestic needs. For example, the Colorado River basin in the USA and the Indus
River basin in South Asia are facing problems of overexploitation, degradation of
water quality and declining flows.

Coastal zones threatened by sea-level rise: Sea-level rise due to climate change
threatens water resources in coastal zones, increasing the risk of saltwater intrusion
into coastal aquifers and disrupting freshwater and saltwater ecosystems. Regions
such as the Nile, Ganges-Brahmaputra and Mekong deltas are particularly
vulnerable to these impacts.

Cross-border conflict zones: Watersheds shared by several countries can be the
scene of tensions and conflicts linked to the management and use of water resources.
For example, the Nile basin in East Africa and the Jordan basin in the Middle East
face challenges related to the equitable distribution of water between riparian states.

Effective management of these critical water areas requires an integrated and sustainable

approach, involving cooperation between governments, local communities, private sector

players and international organizations.

5.2 Increasing tensions

There are several aspects to the growing tensions surrounding water:

Geopolitical conflicts: Water resources can be a source of conflict between countries

or regions. For example, tensions exist between Egypt, Ethiopia and Sudan over the
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construction of the Renaissance Dam on the Nile, as this would affect the

distribution of water resources.
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e Water stress: In many parts of the world, demand for water is outstripping supply,

leading to local and regional tensions. Prolonged drought, overexploitation of water

Figure 28: Access to safe drinking water worldwide.  Source: 28

resources and population growth exacerbate this water stress.

e Climate change: Climate change is disrupting precipitation and evaporation patterns,
which can exacerbate water shortages in certain regions and increase tensions.

e Water pollution: Water pollution by chemicals, industrial, agricultural or domestic
waste can lead to conflicts of interest between different stakeholders, such as
industries, farmers, governments and local communities.

e Migration: In regions affected by water shortages or water-related disasters such as
flooding or desertification, migration can increase social and economic tensions in
host areas.

e Water trade: The commercialization of water and private control of water resources
can also lead to tensions, particularly in regions where water is an essential public

good.

5.3 Major environmental and health challenges

Major environmental and health challenges are increasingly interconnected, as the

degradation of natural ecosystems directly impacts human well-being. Deforestation,
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pollution, and climate change contribute to a deteriorating environment, exacerbating issues
such as air and water contamination, soil erosion, and the loss of biodiversity.

These environmental shifts result in a host of health problems, including respiratory
diseases, waterborne illnesses, and heat-related illnesses, which disproportionately affect
vulnerable populations. In urban areas, rapid industrialization and population growth lead
to higher concentrations of pollutants, further compromising the quality of the air, water,
and food supply, with serious implications for public health.

At the same time, environmental destruction exacerbates existing health inequalities,
particularly in regions already struggling with inadequate healthcare infrastructure and
limited access to clean water and sanitation. For instance, polluted water sources are a
breeding ground for pathogens that cause diseases such as cholera, dysentery, and typhoid,
while the loss of biodiversity can reduce the availability of medicinal plants and resources
that communities rely on for traditional medicine.

The ongoing impacts of climate change also pose significant threats to health, as rising
temperatures and extreme weather events, such as floods and droughts, increase the risk of
malnutrition, infectious diseases, and mental health issues. These intertwined environmental
and health challenges demand urgent action to mitigate their effects and build resilient
communities for the future.

There are several aspects to the growing tensions surrounding water:

» Geopolitical conflicts: Water resources can be a source of conflict between

countries or regions. For example, tensions exist between Egypt, Ethiopia and
Sudan over the construction of the Renaissance Dam on the Nile, as this would
affect the distribution of water resources.

» Water stress: In many parts of the world, demand for water is outstripping
supply, leading to local and regional tensions. Prolonged drought, overexploitation
of water resources and population growth exacerbate this water stress.

» Climate change: Climate change is disrupting precipitation and evaporation

patterns, which can exacerbate water shortages in certain regions and increase
tensions.

» Water pollution: Water pollution by chemicals, industrial, agricultural or

domestic waste can lead to conflicts of interest between different stakeholders,

such as industries, farmers, governments and local communities.
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» Migration: In regions affected by water shortages or water-related disasters, such
as flooding or desertification, migration can increase social and economic tensions
in host areas.

» Water trade: The commercialization of water and private control of water resources
can also lead to tensions, particularly in regions where water is an essential public
good.

The commercialization of water and the privatization of water resources have become
increasingly controversial, particularly in regions where water is considered a fundamental
public good. As water becomes a commodity, private companies often take control over its
extraction, distribution, and pricing, which can lead to unequal access and exploitation.
This shift from a public resource to a privatized one may prioritize profit over the needs of
vulnerable populations, especially in areas where water scarcity already presents significant
challenges.
In such regions, the most marginalized communities may struggle to afford basic water
services, exacerbating inequality and undermining the idea of water as a human right.
The control of water resources by private entities can also lead to tensions between local
governments, businesses, and citizens. In many cases, privatization has sparked protests and
public backlash, as communities demand that water remains a publicly managed resource,
accessible to all, regardless of socioeconomic status.

In regions where water is essential not only for survival but for agriculture, industry, and
sanitation, conflicts can arise over ownership, pricing, and the management of these
resources. The growing push for the privatization of water highlights the need for
transparent and inclusive policies that protect the rights of communities while balancing the

demands of economic growth and environmental sustainability.

5.4 Major environmental and health issues related to water

Water-related environmental and health issues are among the most pressing global
challenges today, directly impacting food security, economic stability, and human well-
being. As the global population continues to grow, so does the demand for food. To meet
this demand, farmers have increasingly turned to intensive irrigation techniques, especially
since the 1960s. Irrigation now accounts for a staggering 70% of the world’s total freshwater
consumption. In arid and semi-arid regions, the reliance on irrigation is even more

pronounced, with up to 90% of available water resources being diverted to agricultural use.

47




WATER AND DEVELOPMENT Presented by: Dr Roufeida Aibeche

This high consumption rate places immense pressure on already scarce water supplies,
threatening both food security and the sustainability of water resources.

The issue of water wastage exacerbates these challenges, especially in developing countries
where infrastructure is often outdated or poorly maintained. In these regions, water leakage
from pipes can account for up to 50% of total drinking water losses. This is not only a waste
of valuable resources but also a significant economic burden. In agriculture, intensive
irrigation practices also contribute to substantial water losses, with up to 40% of pumped
water being lost due to evaporation, inefficient irrigation systems, or poor water
management. Such inefficiencies increase the pressure on existing water supplies and make

it harder to ensure access to clean, potable water for growing populations.

The disparity in water consumption between regions further highlights the global water
crisis. A family living in arid regions of Africa typically uses between 10 and 40 liters of
water per person per day for basic needs like drinking, cooking, and washing. This is a stark
contrast to urban dwellers in Europe and North America, where daily water consumption

can range from 300 to 600 liters per person.

This disparity not only reflects differences in lifestyle and infrastructure but also
underscores the unequal access to water resources around the world. As water becomes
scarcer in many regions, these imbalances are likely to worsen, leading to heightened

tensions over water access and distribution.

The impacts of climate change are adding a new layer of complexity to water scarcity issues.
Many climate scientists predict that global temperatures will rise by one to two degrees

Celsius by 2050, contributing to shifts in precipitation patterns.

In arid regions, this warming trend could lead to a 10% decrease in rainfall, further
exacerbating water shortages. Additionally, the increased evaporation rates caused by
higher temperatures could lead to a dramatic reduction in the volume of freshwater stored
in lakes and rivers—by as much as 40-70%. These changes threaten both the quantity and
quality of available water, increasing the risks of droughts, crop failures, and water
shortages.

Another significant factor contributing to water scarcity is the demographic explosion. The
world’s population is projected to reach 8.7 billion by 2025, with the majority of this growth

occurring in regions already struggling with water scarcity.
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At present, three-quarters of the global population lives in areas that consume just over 20%
of available water resources. As these regions continue to grow, the demand for water will
intensify, further straining local water systems that are already under pressure. This
demographic shift is expected to create an even greater imbalance between water
availability and consumption, leading to more frequent water shortages and conflicts over

resources.

Furthermore, rapid urbanization is playing a significant role in exacerbating water
challenges. As more people move into cities, the demand for water in urban areas increases
sharply. Cities often rely on distant water sources or underground aquifers to meet their

needs, putting additional strain on already overextended water supplies.

The expansion of urban infrastructure—such as wastewater treatment plants, roads, and
buildings—also requires vast amounts of water. In many cases, cities that face the most

Severe

water scarcity are the very ones experiencing the fastest growth, making it increasingly

difficult to ensure that all residents have access to clean, safe water.

Ultimately, the interconnected issues of water scarcity, waste, climate change, and
demographic growth require coordinated, global efforts to address. Effective water
management strategies must incorporate sustainable agricultural practices, improved

infrastructure, and innovative technologies to reduce waste and enhance water conservation.

Moreover, tackling the root causes of climate change and ensuring equitable access to water

resources are critical steps in securing a future where everyone has access to this essential
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resource. Without such concerted action, the challenges of the global water sector will
continue to grow, threatening food security, health, and economic stability worldwide.

Projected change in groundwater recharge
Small to no decrease > 10 % decrease
B No decrease l&:
Bl < 10% decease Lou

Figure 29: Projected change in groundwater recharge worldwide  Source:29
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Conclusion

The global water sector faces increasingly complex and interconnected challenges driven
by population growth, rapid urbanization, and the demands of economic development.
These pressures place immense strain on freshwater resources, which are already limited in
many parts of the world. In Algeria, water is a particularly precious and finite resource,
made even more vulnerable by the country’s arid climate and uneven distribution of water
supplies. This scarcity affects not only access to drinking water but also the agriculture and

industry sectors, which are vital to the nation’s economy and food security.

Algeria’s water resources are divided between surface and underground sources, with
significant regional disparities in availability. In the northern regions, where rainfall is more
abundant, rivers and dams provide a more reliable supply of water for domestic, agricultural,

and industrial needs.

However, the situation in the vast Saharan regions of the south is markedly different. Here,
water supplies rely heavily on underground aquifers, such as the intercalary continental and
terminal complex aquifers, which are often tapped to meet growing demands. Rainfall in
Algeria varies significantly, with the coastal areas benefiting from more frequent
precipitation, while the desert regions receive little to no rainfall, highlighting the stark

contrast in water availability across the country.

Algeria's chronic water scarcity is exacerbated by several factors, including low and
irregular rainfall patterns and a growing demand for water across all sectors. The pollution
of water resources further compounds the crisis, with industrial discharges, untreated

domestic wastewater, and unsustainable agricultural practices contaminating vital supplies.

This degradation not only reduces the quantity of usable water but also poses significant
health and environmental risks. Additionally, global climate change is intensifying these
challenges by disrupting precipitation patterns, causing prolonged droughts in some areas
and severe flooding in others.

These extreme weather events further strain Algeria’s already limited water resources,
underlining the urgent need for sustainable management and innovative solutions to address
the country's water crisis.At the same time, water pollution resulting from industrial,
agricultural and urban activities is compromising the quality of available water resources.

In the face of these challenges, sustainable and equitable water management is becoming
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increasingly crucial. This requires enhanced international cooperation, effective policies,
investment in water infrastructure and integrated management practices, while taking into
account the needs of all sectors, including agriculture, industry, the environment and local

populations.

Water scarcity is a critical global challenge, but science and technology provide a wide array
of innovative solutions to address this pressing issue. Effective strategies range from
reducing water losses to developing advanced purification systems and adopting sustainable
practices. These solutions aim not only to alleviate the immediate scarcity of water but also

to promote long-term resource sustainability for future generations.

One of the simplest yet most effective approaches is reducing water losses in distribution
systems and agriculture. Repairing leaks in pipelines and replacing traditional intensive
irrigation methods with efficient drip irrigation systems can conserve substantial amounts
of water. Drip irrigation delivers water directly to the roots of plants, minimizing
evaporation and runoff, thereby optimizing water use in agriculture, which is often the

largest consumer of freshwater globally.

Rainwater harvesting is another vital solution, particularly in areas prone to seasonal
rainfall. By collecting runoff from roofs, roads, and other flat surfaces, rainwater can be
stored in tanks or reservoirs for later use. This method not only supplements traditional
water supplies but also reduces the strain on local water sources during dry periods. It is a
cost-effective and environmentally friendly practice that can be scaled for both urban and

rural applications.

Industrial water use is another area where significant improvements can be made. By
reserving purified or treated water for industrial processes, freshwater can be prioritized for
drinking and agricultural purposes. Many industries are now exploring closed-loop systems
that recycle water within their operations, dramatically reducing the overall demand for

freshwater while minimizing waste and pollution.

Reforestation plays an essential role in combating water scarcity by addressing broader
environmental issues. Trees and forests help reduce the greenhouse effect by absorbing
carbon dioxide, while also improving the local water cycle. Forests enhance soil water
retention, reduce surface runoff, and contribute to the replenishment of groundwater
reserves. In addition, they help moderate local climates, promoting more consistent rainfall

patterns over time.
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Urban and industrial water purification is critical to reducing pollution and ensuring the
availability of clean water. Advanced treatment plants can remove harmful contaminants
from wastewater, making it safe for reuse or safe release into the environment. This reduces
the impact of industrial and urban activities on local water bodies and promotes the
sustainable use of available resources. Encouraging the adoption of these technologies is
essential for protecting water quality, particularly in highly industrialized and densely

populated areas.

Finally, innovative technologies such as desalination and groundwater recharge are
providing transformative solutions to water scarcity. Desalination, which involves removing
salts and impurities from seawater or brackish water, has become an increasingly viable
option for coastal regions facing acute freshwater shortages. Similarly, groundwater
recharge techniques, which involve injecting or infiltrating treated water back into aquifers,
help replenish underground reserves and prevent overextraction. These methods represent
the cutting edge of water management, offering sustainable alternatives to meet the growing

demands of a thirsty world.

In_this course we established some links between a functional water management
policy and preserving water resources as a sustainable solution to future generations
also we discussed the critical situation that Algeria’s suffers from when it comes to the
water availability, later on we expended the discussion to international scale where we
mentioned some facts about the water laws and the tensions raised by water sharing

problems.

53




WATER AND DEVELOPMENT Presented by: Dr Roufeida Aibeche

Graphic reference links

1 : https://www.researchgate.net/figure/Fresh-water-availability-and-country-
classification figl 279852093

2.
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.geeksforgeeks.org%2Fdi
agram-of-
watercycle%2F&psig=A0vVaw2auza3veW6NhK5TNr2740N&ust=1712441531602000
&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxgFwoTCNCbzvyLrIlUDFQA
AAAAJAAAAABAE

3:
https://www.google.com/url?sa=i&url=https%3A%2F%2Fecho2.epfl.ch%2FVICAIRE%?2
Fmod_1a%2Fchapt 5%2Fmain.htm&psig=A0vVawlfiOb6G9iOLcCnEch4b7b4&ust=17
12441976244000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLC
61dGNrIUDFQAAAAAJAAAAABAI

4 : https://www.lepoint.fr/environnement/de-nouvelles-decouvertes-sur-le-glacier-de-I-
apocalypse-inquietent-10-05-2021-2425771 1927.php#11

4 : https://journals.openedition.org/developpementdurable/2925

5:
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.m.wikipedia.org%2Fwiki%?2
FFile%3AAlgeria_map_of K%25C3%25B6ppen_climate classification.svg&psig=AOv
VawlnlUqdgVPI-
GOw200Qa95E1&ust=1712443294282000&source=images&cd=vfe&opi=89978449&ved
=0CBQQjhxqFwoTCMDdvIeFrIUDFQAAAAAJAAAAABAE

6:
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigur
e%2FMap-of-northern-Algerian-watersheds-the-numbers-mean-the-code-of-the-
watershed-according_figl 338142104&psig=A0vVaw3UD?7I-
EfK47YG7fExp20Q2&ust=1712444950596000&source=images&cd=vfe&opi=89978449
&ved=0CBQQjhxgFwoTCLCv45yLITUDFQAAAAAJAAAAABAE

7.
https://www.google.com/url?sa=i&url=https%3A%2F%2Fearthwise.bgs.ac.uk%2Findex.p
hp%2FCase Study Transboundary Management SASS&psig=A0OvVaw0ZnKwnG3pN1
5ZvIyTpPtub&ust=1722795655056000&source=images&cd=vfe&opi=89978449&ved=0
CBQQjhxgFwoTCL jJwdag2YcDFQAAAAAJAAAAABAJ

8 : http://www.agromet-sig.com.tn/doc/VEILLE-
AGROMETEQO TUNISIE PRESAHARIENNE vl1.pdf

9:
https://unece.org/fileadmin/DAM/env/water/meetings/wgiwrm/2017/Working Group on

54



https://www.researchgate.net/figure/Fresh-water-availability-and-country-classification_fig1_279852093
https://www.researchgate.net/figure/Fresh-water-availability-and-country-classification_fig1_279852093
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.geeksforgeeks.org%2Fdiagram-of-watercycle%2F&psig=AOvVaw2auza3veW6NhK5TNr274ON&ust=1712441531602000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCNCbzvyLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.geeksforgeeks.org%2Fdiagram-of-watercycle%2F&psig=AOvVaw2auza3veW6NhK5TNr274ON&ust=1712441531602000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCNCbzvyLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.geeksforgeeks.org%2Fdiagram-of-watercycle%2F&psig=AOvVaw2auza3veW6NhK5TNr274ON&ust=1712441531602000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCNCbzvyLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.geeksforgeeks.org%2Fdiagram-of-watercycle%2F&psig=AOvVaw2auza3veW6NhK5TNr274ON&ust=1712441531602000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCNCbzvyLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.geeksforgeeks.org%2Fdiagram-of-watercycle%2F&psig=AOvVaw2auza3veW6NhK5TNr274ON&ust=1712441531602000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCNCbzvyLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fecho2.epfl.ch%2FVICAIRE%2Fmod_1a%2Fchapt_5%2Fmain.htm&psig=AOvVaw1fiOb6G9iOLcCnEch4b7b4&ust=1712441976244000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLC61dGNrIUDFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fecho2.epfl.ch%2FVICAIRE%2Fmod_1a%2Fchapt_5%2Fmain.htm&psig=AOvVaw1fiOb6G9iOLcCnEch4b7b4&ust=1712441976244000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLC61dGNrIUDFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fecho2.epfl.ch%2FVICAIRE%2Fmod_1a%2Fchapt_5%2Fmain.htm&psig=AOvVaw1fiOb6G9iOLcCnEch4b7b4&ust=1712441976244000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLC61dGNrIUDFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fecho2.epfl.ch%2FVICAIRE%2Fmod_1a%2Fchapt_5%2Fmain.htm&psig=AOvVaw1fiOb6G9iOLcCnEch4b7b4&ust=1712441976244000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLC61dGNrIUDFQAAAAAdAAAAABAJ
https://www.lepoint.fr/environnement/de-nouvelles-decouvertes-sur-le-glacier-de-l-apocalypse-inquietent-10-05-2021-2425771_1927.php#11
https://www.lepoint.fr/environnement/de-nouvelles-decouvertes-sur-le-glacier-de-l-apocalypse-inquietent-10-05-2021-2425771_1927.php#11
https://journals.openedition.org/developpementdurable/2925
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.m.wikipedia.org%2Fwiki%2FFile%3AAlgeria_map_of_K%25C3%25B6ppen_climate_classification.svg&psig=AOvVaw1nIUqdgVPl-G0w20Qa95E1&ust=1712443294282000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCMDdvIeFrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.m.wikipedia.org%2Fwiki%2FFile%3AAlgeria_map_of_K%25C3%25B6ppen_climate_classification.svg&psig=AOvVaw1nIUqdgVPl-G0w20Qa95E1&ust=1712443294282000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCMDdvIeFrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.m.wikipedia.org%2Fwiki%2FFile%3AAlgeria_map_of_K%25C3%25B6ppen_climate_classification.svg&psig=AOvVaw1nIUqdgVPl-G0w20Qa95E1&ust=1712443294282000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCMDdvIeFrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.m.wikipedia.org%2Fwiki%2FFile%3AAlgeria_map_of_K%25C3%25B6ppen_climate_classification.svg&psig=AOvVaw1nIUqdgVPl-G0w20Qa95E1&ust=1712443294282000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCMDdvIeFrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.m.wikipedia.org%2Fwiki%2FFile%3AAlgeria_map_of_K%25C3%25B6ppen_climate_classification.svg&psig=AOvVaw1nIUqdgVPl-G0w20Qa95E1&ust=1712443294282000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCMDdvIeFrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FMap-of-northern-Algerian-watersheds-the-numbers-mean-the-code-of-the-watershed-according_fig1_338142104&psig=AOvVaw3UD7I-EfK47YG7fExp2oQ2&ust=1712444950596000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLCv45yLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FMap-of-northern-Algerian-watersheds-the-numbers-mean-the-code-of-the-watershed-according_fig1_338142104&psig=AOvVaw3UD7I-EfK47YG7fExp2oQ2&ust=1712444950596000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLCv45yLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FMap-of-northern-Algerian-watersheds-the-numbers-mean-the-code-of-the-watershed-according_fig1_338142104&psig=AOvVaw3UD7I-EfK47YG7fExp2oQ2&ust=1712444950596000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLCv45yLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FMap-of-northern-Algerian-watersheds-the-numbers-mean-the-code-of-the-watershed-according_fig1_338142104&psig=AOvVaw3UD7I-EfK47YG7fExp2oQ2&ust=1712444950596000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLCv45yLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FMap-of-northern-Algerian-watersheds-the-numbers-mean-the-code-of-the-watershed-according_fig1_338142104&psig=AOvVaw3UD7I-EfK47YG7fExp2oQ2&ust=1712444950596000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLCv45yLrIUDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fearthwise.bgs.ac.uk%2Findex.php%2FCase_Study_Transboundary_Management_SASS&psig=AOvVaw0ZnKwnG3pN15ZvIyTpPtu6&ust=1722795655056000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLjJwdaq2YcDFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fearthwise.bgs.ac.uk%2Findex.php%2FCase_Study_Transboundary_Management_SASS&psig=AOvVaw0ZnKwnG3pN15ZvIyTpPtu6&ust=1722795655056000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLjJwdaq2YcDFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fearthwise.bgs.ac.uk%2Findex.php%2FCase_Study_Transboundary_Management_SASS&psig=AOvVaw0ZnKwnG3pN15ZvIyTpPtu6&ust=1722795655056000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLjJwdaq2YcDFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fearthwise.bgs.ac.uk%2Findex.php%2FCase_Study_Transboundary_Management_SASS&psig=AOvVaw0ZnKwnG3pN15ZvIyTpPtu6&ust=1722795655056000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLjJwdaq2YcDFQAAAAAdAAAAABAJ
http://www.agromet-sig.com.tn/doc/VEILLE-AGROMETEO_TUNISIE_PRESAHARIENNE_v1.pdf
http://www.agromet-sig.com.tn/doc/VEILLE-AGROMETEO_TUNISIE_PRESAHARIENNE_v1.pdf
https://unece.org/fileadmin/DAM/env/water/meetings/wgiwrm/2017/Working_Group_on_IWRM_4-6.07.2017/Presentations_in_order/VC-UNECE-Com_Gen%C3%A8ve_06_Juillet_2017_Taibi.pdf

WATER AND DEVELOPMENT Presented by: Dr Roufeida Aibeche

IWRM 4-6.07.2017/Presentations in order/\VC-UNECE-
Com Gen%C3%A8ve 06 Juillet 2017 Taibi.pdf

10 : https://elwatan-dz.com/barrage-de-beni-haroun-apte-a-abriter-une-station-solaire-
flottante

11:

https://www.researchgate.net/publication/263767890 The National Streamflow Statistic
s Program A computer program for estimating streamflow statistics for ungaged sit
es/figures?lo=1&utm source=google&utm medium=organic

12 : http://barragetpe.eklablog.com/le-choix-du-type-de-barrage-a39961580

13 : https://agronomie.info/fr/les-barrages-en-terre/

14 : https://wikiwater.fr/e34-les-methodes-de-remise-en

15 : https://wikiwater.fr/e34-les-methodes-de-remise-en

16 : https://www.wateroam.com/uploads/2/8/6/0/28600353/types-of-well-infographic-1b-
min_orig.jpg

17 : https://www.trentonnj.org/ImageRepository/Document?documentld=3525

18 : https://i.pinimg.com/564x/94/e8/76/94e8769c64491f7e8a86551408280baf.jpg

19 : https://encrypted-
tbn0.gstatic.com/images?g=tbn: ANd9GcTJZW0OclyrG9afYROMZcju0OX8f0bEoSZT1g
wW&sS

20 https://medias.reussir.fr/bovins-viande/2023-06/ RBV285 FUTE Abreuvoir 01.JPG

21 : https://www.mei.edu/sites/default/files/Qanat.JPG

22 :
https://upload.wikimedia.org/wikipedia/commons/7/77/M%C3%B6hrendorf Wasserr%C
3%A4der Schmiedsrad.jpg

23:
https://www.researchgate.net/publication/339633602 Development of a decentralized
monitoring system of domestic water consumption/figures?lo=1

24 : https://fr.green-ecolog.com/15337977-rhizosphere-what-is-it-what-is-it-for-
composition-and-importance

25 : http://les.cahiers-developpement-durable.be/vivre/04-eau-definitions/

26 : https://www.researchgate.net/profile/Hubacek-
Klaus/publication/49596764/figure/fig2/AS:669972699291666@1536745347840/Top-
ten-largest-global-water-consuming-sectors-in-the-UK-million-m-3.png

27 :
https://www.researchgate.net/publication/307204650/figure/fig3/AS:667867376807951@

55



https://unece.org/fileadmin/DAM/env/water/meetings/wgiwrm/2017/Working_Group_on_IWRM_4-6.07.2017/Presentations_in_order/VC-UNECE-Com_Gen%C3%A8ve_06_Juillet_2017_Taibi.pdf
https://unece.org/fileadmin/DAM/env/water/meetings/wgiwrm/2017/Working_Group_on_IWRM_4-6.07.2017/Presentations_in_order/VC-UNECE-Com_Gen%C3%A8ve_06_Juillet_2017_Taibi.pdf
https://elwatan-dz.com/barrage-de-beni-haroun-apte-a-abriter-une-station-solaire-flottante
https://elwatan-dz.com/barrage-de-beni-haroun-apte-a-abriter-une-station-solaire-flottante
https://www.researchgate.net/publication/263767890_The_National_Streamflow_Statistics_Program_A_computer_program_for_estimating_streamflow_statistics_for_ungaged_sites/figures?lo=1&utm_source=google&utm_medium=organic
https://www.researchgate.net/publication/263767890_The_National_Streamflow_Statistics_Program_A_computer_program_for_estimating_streamflow_statistics_for_ungaged_sites/figures?lo=1&utm_source=google&utm_medium=organic
https://www.researchgate.net/publication/263767890_The_National_Streamflow_Statistics_Program_A_computer_program_for_estimating_streamflow_statistics_for_ungaged_sites/figures?lo=1&utm_source=google&utm_medium=organic
http://barragetpe.eklablog.com/le-choix-du-type-de-barrage-a39961580
https://agronomie.info/fr/les-barrages-en-terre/
https://wikiwater.fr/e34-les-methodes-de-remise-en
https://wikiwater.fr/e34-les-methodes-de-remise-en
https://www.wateroam.com/uploads/2/8/6/0/28600353/types-of-well-infographic-1b-min_orig.jpg
https://www.wateroam.com/uploads/2/8/6/0/28600353/types-of-well-infographic-1b-min_orig.jpg
https://www.trentonnj.org/ImageRepository/Document?documentId=3525
https://i.pinimg.com/564x/94/e8/76/94e8769c64491f7e8a86551408280baf.jpg
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTJZW0Oc1yrG9afYRQMZcju0X8f0bEoSZT1gw&s
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTJZW0Oc1yrG9afYRQMZcju0X8f0bEoSZT1gw&s
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTJZW0Oc1yrG9afYRQMZcju0X8f0bEoSZT1gw&s
https://medias.reussir.fr/bovins-viande/2023-06/_RBV285_FUTE_Abreuvoir_01.JPG
https://www.mei.edu/sites/default/files/Qanat.JPG
https://upload.wikimedia.org/wikipedia/commons/7/77/M%C3%B6hrendorf_Wasserr%C3%A4der_Schmiedsrad.jpg
https://upload.wikimedia.org/wikipedia/commons/7/77/M%C3%B6hrendorf_Wasserr%C3%A4der_Schmiedsrad.jpg
https://www.researchgate.net/publication/339633602_Development_of_a_decentralized_monitoring_system_of_domestic_water_consumption/figures?lo=1
https://www.researchgate.net/publication/339633602_Development_of_a_decentralized_monitoring_system_of_domestic_water_consumption/figures?lo=1
https://fr.green-ecolog.com/15337977-rhizosphere-what-is-it-what-is-it-for-composition-and-importance
https://fr.green-ecolog.com/15337977-rhizosphere-what-is-it-what-is-it-for-composition-and-importance
http://les.cahiers-developpement-durable.be/vivre/04-eau-definitions/
https://www.researchgate.net/profile/Hubacek-Klaus/publication/49596764/figure/fig2/AS:669972699291666@1536745347840/Top-ten-largest-global-water-consuming-sectors-in-the-UK-million-m-3.png
https://www.researchgate.net/profile/Hubacek-Klaus/publication/49596764/figure/fig2/AS:669972699291666@1536745347840/Top-ten-largest-global-water-consuming-sectors-in-the-UK-million-m-3.png
https://www.researchgate.net/profile/Hubacek-Klaus/publication/49596764/figure/fig2/AS:669972699291666@1536745347840/Top-ten-largest-global-water-consuming-sectors-in-the-UK-million-m-3.png
https://www.researchgate.net/publication/307204650/figure/fig3/AS:667867376807951@1536243399718/The-21-regions-of-Europe-as-defined-by-river-basins-climate-and-socio-economics-Right.png

WATER AND DEVELOPMENT Presented by: Dr Roufeida Aibeche

1536243399718/The-21-regions-of-Europe-as-defined-by-river-basins-climate-and-socio-
economics-Right.png

28 : https://reliefweb.int/sites/default/files/styles/large/public/previews/27/f8/27f88103-
6b14-3340-b72a-8aea564f0f27.png

29 : https://www.metlink.org/wp-content/uploads/2020/12/wg2 3 7 edited.jpg

Bibliographic References

Abdelbaki, C. (2014). Mod¢lisation d’un réseau d’aep et contribution a sa gestion a 1’aide
d’un sig-cas du groupement urbain de tlemcen (doctoral dissertation).

AKli, S. (2015). Economie des ressources en eau en algérie (doctoral dissertation, ensa).

Albergel, J. (2008). Place des petits barrages dans la mobilisation des eaux de surface et
dans la lutte contre 1’érosion au Maghreb et au Moyen-Orient. Efficacité de la GCES en
milieu semi-aride. Paris (France): AUF, EAC et IRD éditeurs, 35-45.

Aledo A., (2005), le droit international public, dalloz, collection , connaissance du droit ,
le éd.

Amougou J., (2002), I’eau, bien public, bien privé : I’etat, les communautés 4-9.
Anctil.F. ; (2008), I’eau et ses enjeux, p 155

Bellal, S. A., Hadeid, M., Ghodbani, T., & Dari, O. (2016). Acces a 1’eau souterraine et
transformations de I’espace oasien: le cas d’Adrar (Sahara du Sud-ouest algérien). Cahiers
de géographie du Québec, 60(169), 29-56.

Benyerou, D. (2022). Epuration et réutilisation des eaux résiduaires.

Bied-Charreton , M., Makkaoui , R., Petit , O., & Requier-Desjardins , M. (2006). La
gouvernance des ressources en eau dans les pays en développement: enjeux nationaux et
globaux 1. Monde en développement, (3), 39-62.

Boisson de chazournes. L, Salman S.M.A., (2005), les ressources en eau et le droit
international, leiden/ boston, martinus nijihoff, p.798

Bouchrit, R. (2008). La gestion des ressources en eau en Algérie: Situation, défis et apport
de I’approche systémique. by univ-Tlemcen.

Boutruche T, (2000), le statut de 1’eau en droit international humanitaire, ricr, vol. 82, p.
187-216

Chabaca, M. N., Isberie, C., & Messahel, M. (2007). La politique de gestion de la ressource
en eau d'irrigation face a l'aléa climatique, aux contraintes sociales et économiques: Cas de
I'Algerie. La Houille Blanche, 93(4), 131-136.

Dionet-grivet.S., (2014), géopolitique de I’eau , p 5-8.

56



https://www.researchgate.net/publication/307204650/figure/fig3/AS:667867376807951@1536243399718/The-21-regions-of-Europe-as-defined-by-river-basins-climate-and-socio-economics-Right.png
https://www.researchgate.net/publication/307204650/figure/fig3/AS:667867376807951@1536243399718/The-21-regions-of-Europe-as-defined-by-river-basins-climate-and-socio-economics-Right.png
https://reliefweb.int/sites/default/files/styles/large/public/previews/27/f8/27f88103-6b14-3340-b72a-8aea564f0f27.png
https://reliefweb.int/sites/default/files/styles/large/public/previews/27/f8/27f88103-6b14-3340-b72a-8aea564f0f27.png
https://www.metlink.org/wp-content/uploads/2020/12/wg2_3_7_edited.jpg

WATER AND DEVELOPMENT Presented by: Dr Roufeida Aibeche

Diop S., Rekacewicz P. Atlas Mondial de I’eau. Autrement ed., 2003.
Frérot A. L’eau pour une culture des responsabilités. Autrement ed., 2009.

Halima, M., Abderrahmane, L., & Khéloufi, B. (2006). Essai sur le role d’une espece
végetale rustique pour un développement durable de la steppe algérienne. Développement
durable et territoires. Economie, géographie, politique, droit, sociologie.

Hospitalier-Rivillon, J., & Poirier, R. (2008). L’cau destinée a la consommation humaine.
Archives des Maladies Professionnelles et de I'Environnement, 69(3), 496-505.

Kehal, S. (2001). Retrospective et perspective du dessalement en Algérie. Desalination,
136(1-3), 35-42.

Kettab, A. (2001). Les ressources en eau en Algerie: stratégies, enjeux et
vision. Desalination, 136(1-3), 25-33.

Kherbache, N. (2020). Rareté des ressources et politique de 1’eau en Algérie: analyse de la
transition d’un mod¢le de I’offre vers la gestion de la demande en eau (GDE) (Doctoral
dissertation, Université de Béjaia-Abderranmane Mira).

Lacoste Y. L’eau dans le monde. Petite Encyclopédie Larousse, 2006.

Lasserre F., BRUN A., (2006), politiques de I'eau: grands principes et réalités locales pug,
p408 locales et les multinationales, in 1’eau, patrimoine commun de 1I’humanité, cetri
etl’harmattan, p. 168.

Lasserre, F. (2005). Les transferts massifs d'eau: Outils de développement ou instruments
de pouvoir?. PUQ.

Malaterre, P. O., Baume, J. P., Dorchies, D., Dejean, C., & Belaud, G. (2013). Gestion
opérationnelle des transports d’eau dans les canaux et les riviéres. Sciences Eaux &
Territoires pour tous, (2), 36-43.

Mazzuoli S, (2012), la gestion durable de I’eau, ressources, qualité, organisation p.

Mer, (2011), faire du droit a I’eau une réalité pour tous, Ministére Algérien des ressources
en eau

Messen, N. (2016). Les ouvrages traditionnels de mobilisation des eaux de surface dans
les régions sahariennes.

Montiel, A. (2005). Une Iégislation nouvelle pour les eaux destinées a la consommation
humaine. La houille blanche, 91(4), 30-35.

Mozas, M., & Ghosn, A. (2013). Etat des lieux du secteur de I’eau en Algérie. Institut de
Perspective Economique du Monde Méditerranéen (IPMED), 27.

Ouamane, A., Sekkour, I., & Athmani, B. (2022). Mobilisation des eaux de surface:
Commentaires genéraux sur les barrages en Algérie dans le passé, le présent et le
futur. Agua y Territorio/Water and Landscape, (20), e5298-e5298.

57




WATER AND DEVELOPMENT Presented by: Dr Roufeida Aibeche

Ouassa, M., & Ousaid, K. (2021). Etude pour le renforcement du réseau d’AEP au niveau
du village Tiguemounine (Doctoral dissertation, Université Mouloud Mammeri Tizi
Ouzou).

Remini .b. (2005), la problématique de I’eau en algérie p. 12-15.

Rouissat, B. (2010). La Gestion Des Ressources En Eau En Algérie Situation Défis Et
Apport De L'approche Systématique. Revue d'Economie et de Management, 9(1), 132-146.

Smets h. (2005), la solidarité pour 1’eau potable, académie de I’eau — aesn. P1114

Trouilly p., (2004), Le principe de la gestion equilibrée de la ressource en eau est-il
devenu inutile?, Environnement p. 7-9.

Rapports

"The current water situation in Algeria: challenges and opportunities™ - Report by the
Food and Agriculture Organization of the United Nations (FAO).

"L'état de la ressource en eau en Algérie : bilan et recommandations™ - Summary
document produced by a non-governmental organisation (NGO) specialising in water
conservation.

CNES, A. (2000). L'eau en Algérie: le grand défi de demain. Report by the National
Economic and Social Council.

Conseil national économique et social (2000), projet de rapport, I'eau en algérie; le grand
défi de demain, 15éme session pléniére.

Etude hydrologique nationale de I'Algérie réalisée par I'Agence Nationale des Ressources
Hydrauliques (ANRH).

Eurostat (2015). euro-mediterranean statistics. Eurostat database. Isbn 978-92-79-48351-6

MRE. (2014), Mobilisation et transfert. Conventional resources. Ressources superficielles.
Ministry of Water Resources.

UNESCO. www.unesco.org consulted on : 23/ 04/2023

The water crisis illustrated in 5 graphs https://www.lemonde.fr/ressources-
naturelles/article/2015/03/20/la-crise-de-1-eau-illustree-en-5-
graphigues 4597592 1652731.html consulted on 15/03/2023

58



http://www.unesco.org/
https://www.lemonde.fr/ressources-naturelles/article/2015/03/20/la-crise-de-l-eau-illustree-en-5-graphiques_4597592_1652731.html
https://www.lemonde.fr/ressources-naturelles/article/2015/03/20/la-crise-de-l-eau-illustree-en-5-graphiques_4597592_1652731.html
https://www.lemonde.fr/ressources-naturelles/article/2015/03/20/la-crise-de-l-eau-illustree-en-5-graphiques_4597592_1652731.html

