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Part A: Contextual Elements
Introduction
Talking about the megacity of Paris immediately raises the question of the territory and identity of
this megacity that has no formal existence, while the economic and urban realities transcend the
administrative boundaries. Wherever possible, for the needs of this monograph, we shall be using the
term megacity of Paris for the region of continuous urbanisation around Paris and Greater Paris
Metropolis (Métropole du Grand Paris) for the region created by the Act of 25 January 2014. Further
details are given in paragraph “demographic data” p12.
The megacity of Paris benefits from a favourable hydrological environment which reflects its
temperate climate1. Since the 19th century, water management has been a key issue for the
development of the Paris region, which has had to cope with flooding, drought and major pollution of
its rivers, while the number of properties exposed to these risks has been increasing.
Major urban transformations began in Paris from 1850 onwards, as a consequence of the industrial
revolution and with the backing of the Emperor Napoléon III, assisted by the Prefect of Paris:
Haussmann, who appointed Eugène Belgrand, from the Ponts et Chaussées corps of engineers (road
construction and maintenance department), to develop the water supply and sanitation systems. The
current water management practices are still highly dependent on the options chosen at that time.
Furthermore, the population of the city then began to rise very sharply, peaking at the start of the
First World War with three million inhabitants before declining thereafter. It has remained steady at
around 2,200,000 inhabitants for the past thirty years or so. The Ile-de-France region, in which Paris
is situated, is also the most densely populated region of France with 11.9 million inhabitants, and is
the most populous conurbation in Europe, ahead of London (8.1 million).
In France, as elsewhere, the realities of urbanisation have led to cities becoming stakeholders in public
action. Indeed, they appear to be playing an increasingly important role, which seems to be
complicating the relationships between mankind and water (Carré, Deutsch, 2015). Urban pressures
are growing ever stronger, in order to satisfy housing requirements and urban consolidation
measures, driven by urban development issues.
Over the past 50 years, the number of stakeholders involved in water management has increased due
to a succession of different reforms. Several recent texts have legally established the existence of
metropolises (Métropoles) (and not just in Paris): the Act of 27 January 2014 created the "Greater
Paris Metropolis" (Métropole du Grand Paris), which until then had no formal existence. The term
"megacity" (mégapole), however, still has no legal status.
The establishment of the Greater Paris Metropolis is currently a major concern for political
stakeholders. It should lead to institutional changes and reforms of governance in the water sector,
although it is hard, at present, to envisage their future form.
In this monograph, we shall be focusing on two major issues which are looming for water management
in the megacity of Paris:


It is assumed that the population will increase at an estimated rate of 9% between 2012 and
2030, with probable changes in the geographical distribution. For this horizon, the main

1

In addition to the references contained herein, this monograph is also based on the discussions that took place
during a colloquium organised by Arceau-Ile-de-France, on the topic: Qui gouverne quand personne ne
gouverne? Eau, gouvernance et participation en Ile-de-France (Who governs when nobody governs? Water,
governance and participation in Ile-de-France), 1 and 2 December 2014, Paris.
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challenges relate to controlling the consequences of urban development for the sustainable
management of rainwater, the risk of flooding and, to a lesser extent, the purification
capacities of the megacity of Paris


After this period, the key issue will be adaptation to the impacts of climate change. While the
consequences should not be as spectacular as those felt elsewhere on Earth, they will be no
less significant. The main consequences will include risks relating to episodes of drought with
the challenge of maintaining water quality in rivers—particularly the Seine—and questions
concerning the drinking water supply for the megacity of Paris.

There now follows a brief description of the geographical, hydrological and demographic
characteristics of metropolitan France and the Île-de-France region, followed by a presentation of the
main institutions and stakeholders in charge of water management in this region.

Geography, geology and climate
Geography and geology
The megacity of Paris is in the middle of a vast sedimentary area: the Paris basin, consisting of four
low-lying plateaux (maximum height of 217 m above sea level), separated by the three major rivers of
the Île-de-France region: the Seine, the Marne and the Oise. It has a bowl-like structure formed by the
different geological formations deposited during the secondary and tertiary eras (Figure 1).

Figure 1: Geology of Île-de-France (http://geologie.mnhn.fr/collectionlutetien/coupebrehant700.jpg)

Climate data
The climate of the Paris basin is temperate with an oceanic influence. The rainfall distribution is
relatively consistent throughout the year and the temperatures are mild, in both summer and winter
(Table 1, Figure 2).
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Table 1: Annual precipitation levels at Paris-Montsouris
Normally wet year
(value exceeded one year in five)
Average year
Normally dry year
(value not exceeded one year in five)

Precipitation level
738.9 mm
641.6 mm
530.7 mm

Figure 2: Average temperatures – 1970 – 2000

Hydrography
Groundwater resources
There are six major aquifers in the middle of the Paris basin:


the alluvial aquifers which are closely linked to the rivers



the four major aquifers which are presented in Figure 3



the very deep Albian aquifer (Lower Cretaceous), which is found throughout the region. This
is a vast expanse of naturally well-protected confined groundwater of excellent quality,
situated at a depth of between 500 and 1,000 metres in the Paris region. This is a strategic
resource whose exploitation is strictly regulated.

The hydrographical network
The megacity of Paris is situated in the Seine basin - one of the eight major French drainage basins (cf.
Figure 4). It covers an area of 77,000 km2. The total length of rivers in Île-de-France is 5,030 km,
including 660 km of navigable rivers. The major axis of flow is the River Seine and its two main
tributaries: the Marne and the Oise. There are also numerous water bodies—all most all artificial—
with a total surface area of 14,200 hectares.
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The main waterways: the Seine, Oise and Marne are canalised and navigable. They play a major role
in the supply of goods and also for the removal of rubble from construction sites in Paris. They
constitute the biggest water resource for the megacity of Paris.

Figure 3: Major aquifers in Île-de-France (source: AESN)

B

A

Figure 4: The major drainage basins in France (A) and the Seine basin (B)
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Flow rate of the River Seine
The median flow rate of the Seine in Paris, and the five-year and ten-year wet and dry flow rates, are
low compared to other French rivers (Figure 6). The Seine and Marne have an oceanic regime
characterised by a low-flow period during the summer until the start of autumn and a flood period in
February. The flow rates in these rivers are regulated, for both high-water and low-water levels, by
storage dams situated upstream of the basin area, thus limiting the impacts of natural hazards.
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Figure 5: Five-year and ten-year flow rates of the Seine in Paris (source: Ville de Paris/AESN)

Figure 6 shows how the Seine relates to the other major French rivers. This river is characterised by
its low flow rate while bearing the burden of Europe's biggest megacity.

Figure 6: annual flow profiles compared to the main French rivers: the Rhine in Strasbourg (Bas-Rhin), the Rhône in
Beaucaire (Bouches-du-Rhône), the Loire in Montjoie sur Loire (Maine-et-Loire) and the Seine in Paris (Paris) –
Source: Hydro databank

The main characteristic values of the Seine flow rate in Paris, and the Marne where it enters the
megacity of Paris, are compiled in the following table. (Table 2).
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Table 2: table of the characteristic flow rate of the Seine in Paris and the Marne upstream of Paris
Low water
Low water
High water
High water
(5-year)
(5-year)
(5-year)
(10-year)
Average
Average
Daily flow
Average daily
Average daily
monthly flow
rate over 10
flow rate
flow rate
rate
days
Seine in Paris
Pont
d’Austerlitz
bridge

310 m3/s

82 m3/s

71 m3/s

1400 m3/s

1600 m3/s

Marne in
Noisiel

109 m3/s

32 m3/s

27 m3/s

440 m3/s

500 m3/s

1.1.1.1

Regulation of flow rates on the Marne and the Seine

As for any hydrological system, the Seine and the Marne are subject to high water and low water
periods, but the extent of the development of the Paris conurbation has made it particularly
vulnerable to these natural phenomena, and to flooding in particular. The floods of 1910 and 1924,
but also the drought of 1921, prompted the French government and the département of the Seine to
adapt the Seine basin in response to these hazards. The final works were completed in 1990.
The Seine Grands Lacs2 public institution currently manages 850 Mm3 of storage capacity designed to
combat flooding, provide low-water support and help to meet the water use needs of the megacity of
Paris as well as the cooling needs of the nuclear power station at Nogent-sur-Seine (Figure 7). 40% of
the minimum annual flow of approximately 85 m3/s for the Seine in Paris comes from storage dams.

Figure 7: Seine and Marne flow-regulating reservoirs (Source: Seine Grands Lacs)

2

The Seine Grands Lacs regional public corporation is administered by the départements of Hauts-de-Seine,
Seine-Saint-Denis, Val-de-Marne and Paris, which own the large lakes upstream of the Paris region
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To provide flood protection for the Paris conurbation, a project to develop the Seine upstream of Paris
entitled the "La Bassée project", is envisaged in order to allow for the storage of flood waters in the
Montereau-Fault-Yonne region (Seine-et-Marne). Following a public debate held in 2012, there are
plans to carry out a pilot operation on the site with a capacity of 9 million m3.

A megacity on a small river
The river (Seine) in the Paris region is characterised by a low rate of flow in the heart of one of the
most densely populated conurbations in the world. Downstream of the conurbation, the Seine drains
the pollution generated by 14 million inhabitants. This results in a very low discharge dilution capacity
in comparison with other cities (Table 3) and which is very highly dependent on the low-flow support
for the river.
Table 3: comparison of minimum water flows and dilution capacity of different French rivers
Five-year minimum water
flow

Population
Conurbation

520
380

Strasbourg
Lyons

Millions of
inhabitants
0.7
1.8

170

Paris urban unit

10.5

m3/s
Rhine
Rhône
Seine
(at Poissy)

Impacts
Dilution capacity
65 m3/d/inhabitant
18 m3/d/inhabitant
1.4 m3/d/inhabitant

Seine water quality
The Water Framework Directive (2000/60/EC of 23 October 2000) and its transcription into French
law (especially the Order of 25 January 2010) currently set the targets to be achieved in addition to
the procedures and criteria for assessing water quality.
Urban development has led to a deterioration in the quality of river water, which has been observed
on the Seine since the 1870s and which deteriorated throughout the conurbation until the 1970s.
During the last 35 years, the physico-chemical quality of the water in the Marne and the Seine has
improved very significantly both upstream and downstream of the conurbation. This is shown by the
curves below (Figure Error! Reference source not found.8 and Figure 9). They compare the changes
between 1971-1972, 1985-1986 and 2012-2013 with regard to four parameters (dissolved O2, DBO5,
NH4+ and PO43-).
These improvements are very largely due to a general policy of developing purification. However,
downstream of the megacity of Paris, the nitrogen and phosphorous concentrations still need to be
improved. Work is being carried out on the Seine aval, waste water treatment plant situated
downstream of the megacity of Paris (cf. p25), so that it can make a decisive contribution to achieving
good water status in the Seine pursuant to the targets set by the Water Framework Directive.
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Figure 8: changes in dissolved oxygen concentrations in the Seine in 1971-1972, 1985-1986 and 2012-2013 (DRIEE
data)
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Figure 9: changes in concentrations of carbonaceous (BOD5), nitrogenous (ammonium) and phosphatic (orthophosphates) pollution in the Seine in 1971-1972, 1985-1986 and 2012-2013 (taken from Rocher et al., 20163)

With regard to micro-pollutants, the 2013 status review reveals a less satisfactory situation, especially
due to the presence of polycyclic aromatic hydrocarbons (PAH).
The monitoring of fish stocks carried out since 1990 by the SIAAP—the Greater Paris Sanitation
Authority— provides an overview of the significant changes in stocks in the Seine over the last 25
years. In less than 25 years, the number of species counted during electro-fishing operations rose from
12-14 to more than 20, with an accumulated total of 32 species. We can now observe the presence of
species considered to be sensitive to pollution.
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Figure 10: number of species and individual specimens counted in the Seine per fishing year and the accumulated
total over the period of study (1990-2013) (from Azimi et al. 20154)

Groundwater quality
Groundwater is subject to pollution problems associated with agricultural activities and is sometimes
seriously contaminated by nitrates as well as by pesticides and their degradation by-products. In the
Île-de-France region, as at the national level, the deterioration of groundwater quality is reflected by
the growing number of abandoned abstraction points (cf. Figure 11).
Different actions are being undertaken within the areas that supply the water abstraction points in
order to control the variations in groundwater quality. These measures include making the Vanne
basin, which supplies water to the French capital, an organic agriculture pilot site for drinking water
supplies and the sustainable conservation of water resources in 2013. The same applies to local
authorities and their use of pesticides through the "Phyt’Eaux Cités" programme that seeks to reduce

3

Changes in the quality of the Seine in line with progress in waste water treatment from 1970 to the present
day. PIREN-Seine brochure, 2016, to be published.
4
Changes in the fish stocks in the Seine from 1990 to 2013. Technique Science et Méthodes. 2015, no. 7-8,.
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the use of phytosanitary products in a certain number of towns and cities around and upstream of the
water abstraction points for the Greater Paris Metropolis.
During the past decade, alongside the preventive actions that it undertakes with farmers, Eau de Paris
(cf.§0) has had to implement specific treatments to eliminate pesticides and their degradation
products.

Figure 11: abandoned water abstraction points in Île-de-France and reason for their abandonment
(Source: AESN5)

Territory of the megacity of Paris
The Île-de-France region is divided into eight départements: Paris (both a city and a département),
surrounded by Hauts-de-Seine, Seine-Saint-Denis and Val-de-Marne form the Petite Couronne (Paris
and its inner suburbs), beyond which is situated the Grande Couronne (outer suburbs) with Seine-etMarne, Yvelines, Essonne and Val-d’Oise. This territory, divided into 1,280 municipalities (communes),
covers a surface area of 12,000km2 and has 11.9 million inhabitants (cf. Figure 14).
As we have already stated, the megacity of Paris has no formal administrative existence. This makes
it hard to describe. The Ile-de France region consists of a group of municipalities forming a continuous
built area6 referred to as the Paris urban unit (unité urbaine de Paris). This definition has been adopted
herein for the megacity of Paris; it consists of 412 municipalities with a population of 10.5 million
inhabitants and a surface area of 2,845 km2. The new administrative structure of the Greater Paris
Metropolis (Métropole du Grand Paris ) (Act of 25 January 2014) only covers part of the megacity (a
quarter of its surface area and half of its population). It corresponds approximately to the Petite
Couronne or inner suburbs.
Therefore, no consolidated data exist at the scale of the territory covered by the megacity of Paris. In
addition, the data presented in this monograph relate to entities which are relevant to a particular
5

AESN-SAFEGE "État des lieux de l'alimentation en eau potable en Île-de-France" -2012- 210 P

6

The French National Institute of Statistics and Economic Studies (INSEE) defines an urban unit as a continuous,
uninterrupted built area of more than 200 metres between two constructions.
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activity: waste water treatment and drinking water, or to an administrative division: Ile de France
region, départements and groups of municipalities.

Figure 12: the Île-de-France in France

Figure 13: map of the Ile-de-France region

Figure 14: map of the boundaries of the Greater Paris metropolis and the megacity of Paris
(SIAAP - Source: INSEE, MGP)
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Demography and territory
Demographic data
The urban growth of the megacity naturally began in the city of Paris (until 1914). It continued in the
inner suburbs and then in the outer suburbs (Grande Couronne) from the 1960s onwards.
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Figure 15 : demographic changes in Paris and the Ile-de-France region

Table 4: demographic data on the Île de France region (2012) and average sizes of households
(http://www.insee.fr/fr/themes/tableau.asp?reg_id=20&ref_id=poptc02303)
Département
Paris
Hauts-de-Seine
Seine-Saint-Denis
Val-de-Marne
Paris & inner
suburbs
Essonne
Val-d'Oise
Yvelines
Seine-et-Marne
Outer suburbs
megacity of Paris
Île-de-France

Surface
area
(km2)
105
176
236
245

Population
(2012)

Density
(inhabitants/km2)

2,240,621
1,586,434
1,538,726
1,341,831

21,300
9,010
6,520
5,480

657

4,466,991

6,800

1,804
1,246
2,285
5,915
11,250
2,845
12,012

1,237,507
1,187,081
1,412,356
1,353,946
5,190,890
10,550,350
11,898,502

690
950
620
230
460
3,710
990

Average size
of
households
1.9
2.3
2.6
2.4

2.6
2.7
2.6
2.6

2.4

Due to its density, the city of Paris corresponds to a "dense city" model, whose consequences include
very high levels of "efficiency"7 of all systems: drinking water, sanitation, public transport, etc.

7

Linear amount of system per user
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Large daily migratory flows are observed at the regional level. The city of Paris is estimated to have a
resident population of 2.2 million inhabitants, but during the daytime, this population may rise to
nearly 3 million.

Occupation of space
20% of the Île-de-France region is occupied by urbanised areas and 13% by built areas. The rest of the
space is mainly occupied by crops (53%) and woodland (23%). On the other hand, for Paris and the
inner suburbs, urban space occupies 84% of the territory and built areas occupy 60%. Rural space is
very limited (16%).

Housing characteristics
The vast majority of housing in Paris, and to a lesser extent in the inner suburbs, is collective
accommodation, combining both large and small collective accommodation and single-family
dwellings. In the inner suburbs, single-family housing remains stable, accounting for less than 20% of
dwellings. However, it has increased in the outer suburbs with the development of suburban housing
estates.

Economic data
The Île-de-France region is ranked highly in the global economy8. In 2012, its GDP of €612 billion made
it the sixth-ranked metropolitan area after Tokyo, Greater New York, Los Angeles, Osaka and London.
With over 5.9 million jobs, 85.5% of which are in the tertiary sector, Île-de-France stands out due to
its dominant position in the national economy and the size of the tertiary sector, although it remains
highly diversified in relation to other cities of a similar size. Despite a high level of de-industrialisation,
it remains France's leading industrial region. Its agriculture—mainly devoted to cereal crops—is
amongst the most productive in France and tourism is a major industry (33 million hotel nights in
2013).

Water management in the megacity of Paris
In France, the powers for drinking water and sanitation are delegated to the 36,000 or so
municipalities (communes). The French water management system is thus characterised by the
importance of the local dimension, with municipalities having the right to join forces in different types
of inter-municipal bodies. This accounts for the 14,000 public water utilities and 17,000 public
sanitation utilities (Levraut, 2013: 19). Paris and the Ile de France occupy somewhat special positions
in this organisational structure, partly due to the history and status of Paris—the economic as well as
political capital of France—and also to the centralised nature of the country.
The number and diversity of the administrative authorities, the distribution of powers within them
and historical legacies have resulted in a somewhat complex organisational structure for water
management in the megacity of Paris.
To clarify the situation for the reader, there now follows a brief summary of the broad characteristics
of water management in France. There are two aspects to this management:



8

the general organisation of water policy
the management of public water and sanitation utilities.

https://fr.wikipedia.org/wiki/%C3%8Ele-de-France
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The creation of water policy
The broad general thrusts of water policy are currently driven by European directives. It is
implemented at the different administrative levels by applying the principle of subsidiarity. However,
water policy was implemented and developed long before the advent of European directives. The
French Water Act (Loi sur l’eau) of 1964, by introducing management per basin area, Basin
Committees (Comités de bassin) and Water Agencies (Agences de l'eau), was thus one of the major
cornerstones of this policy, whose fundamental principles still apply today.
The Basin Committees, which bring together the main public and private stakeholders in the water
sector, define the major thrusts of water policy in a coordinated manner at the level of the drainage
basin. Often described as "water parliaments", they are responsible for drafting the six-year basin
management plan or “Schéma Directeur d’Aménagement et de Gestion des Eaux” (SDAGE - Water
management and development master plan). On a more local level, for smaller hydrographic units,
Water management and development schemes (Schémas d’Aménagement et de Gestion des Eaux SAGE) allow for the implementation of a coordinated approach to water management.
The Water Agencies are the main financing instruments for water policy through the charges they
collect on water uses. They also act as the secretariat for the Basin Committee. In this capacity, they
prepare the documents for water policy at the level of their basin and are also responsible for its
coordination in consultation with government agencies.
Water management is thus divided between authorities which are directly dependent on the
government, local authorities and private stakeholders. However, documents are also drafted to
ensure the consistency of public actions. There are two major documents at the level of the megacity
of Paris:



The Master plan for water development (Schéma directeur d’aménagement et de gestion des
eaux- SDAGE)
The Master plan for the Île-de-France region (Schéma directeur de la région Île-de-France SDRIF). This is an urban planning and land use planning document at the level of the
administrative region. It is produced by the regional political authority, in association with the
French State, in consultation with the main stakeholders.

In addition to their role in drafting water policy, government agencies also play a regulatory role by
drawing up all administrative authorisations for abstractions and discharges from the different
facilities. They are also responsible for regulatory control.

Management of public water and sanitation utilities
One of the specificities of the French approach to the municipal management of water is the
distinction made between the local authority—which is the authority that organises the water
service—and the operator, which may be public or private. This is referred to as "public service
delegation agreement". Regulatory constraints have changed the technical requirements and many
local authorities have opted to delegate responsibility for the public service due to their inability to
develop or find adequate technical capabilities within government agencies. Another French
specificity is the great number of municipalities: "These numerous, disunited and disparate
municipalities are confronted with private managing bodies which, on the other hand, are extremely
well-organised, powerful and limited in number9." (Nakhla, 2013: 72)
Even though the 36,000 or so French municipalities can join forces within different types of intermunicipal bodies to organise these water services, this still results in around 14,000 drinking water
authorities and approximately 17,000 for sanitation.

9

Primarily: Veolia, Suez and SAUR
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There is no restriction on the choice of management modes but this system is characterised by the
fact that consumers still have little involvement in decisions concerning the organisation of services in
France: "Investment choices, the definition of the aims of the service and the setting of prices are
most often decided by the elected representatives and the operator" (Nakhla, 2013: 73). Another
important characteristic that helps to explain the French system is the lack of a single price for water,
which varies according to the municipality or inter-municipal body in question. This also applies to the
territory covered by the megacity of Paris. Hence the recurrent debates about water pricing, with
deliberations concerning the implementation of social tariffs for water on the one hand, and proposals
for progressive tariffs intended as a tax on excessive consumption on the other. To date, however, the
(rare) attempts to introduce a form of state regulation of the market have not come to fruition.
In this system, it is important to distinguish between the stakeholders in charge of drinking water on
the one hand, and those responsible for the management of waste water on the other.

Drinking water in the megacity of Paris
Organisational structure
The production and distribution of drinking water at the level of the megacity of Paris are ensured by
numerous structures with public or delegated modes of management. The main structures are:


The "Eau de Paris" water board, created by the city of Paris, (3 million users: 2.2 million
inhabitants and 0.8 million "visitor" users), which is responsible for the production and
distribution



The Syndicat des Eaux d’Île-de-France "SEDIF" (4.3 million users in 149 municipalities) and its
delegatee Veolia, which are in charge of the installations



Around forty inter-municipal associations, of which only the two main ones are described
here.

In the rest of the region, there are also public management bodies such as the Saint-Maur water board
and the Lacs de l’Essonne and Evry-Centre-Essonne conurbation committees. However, most of the
organisational structure is based on the public service delegation agreement.
The Suez Environnement and Veolia groups own several water production plants and a network of
water mains from which they supply several inter-municipal associations and municipalities in the
south-east and west of the megacity.
To increase the level of security, interconnections between the different producers were established
during the1980s, (Figure 16) thus forming the interconnected area. They are primarily intended for
exceptional situations, such as crises experienced by operators. In response to possible crises,
département-level drinking water supply plans and a regional plan have been drafted (Regional
drinking water supply plan or Plan Régional d’Alimentation en Eau Potable, created in 1999).
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Figure 16: Map of the public drinking water service operators
within the interconnected area in Île-de-France

Water uses and consumption
In Île-de-France, water uses are mainly domestic and related (consumption less than 6,000 m3/year)
(850 106m3/year) and for economic activities (750 106m3/year). This distribution has remained very
stable over time. Agricultural use is very marginal, but this does not rule out tensions between users
in certain geographical sectors.
There are no aggregate consolidated data at the scale of the territory covered by the megacity of Paris.
Furthermore, different sources of data must be consulted in order to study the trends: from Eau de
Paris, SEDIF (water consumed) and SIAAP10 (treated waste water11).
The data for Paris show that water consumption has been declining since the start of the 1990s despite
an upturn at the start of the 2000s (Figure 17). At the same time, there have been significant
improvements in the efficiency of the distribution networks: from 55% to over 90%. This performance
is particularly noteworthy in a context of constraints on the availability of water resources. The total
consumptions (domestic and economic activities) on a per inhabitant basis (70 to 100m 3/inhab./year
on average) are also declining at significantly higher rates than the total volumes (Table 5). Between
1999 and 2013, there was a 17% reduction in volume while the population actually increased by 7%.
This amounts to a per capita reduction of 22%, which can be explained primarily by the efforts made
by large consumers (hotels and hospitals, etc.) to reduce their consumptions and also by the changes
in the economic fabric, with the closure of numerous industrial companies or their relocation to the
outskirts of Paris. Tertiary activities have also migrated to the suburbs. In 2009, Eau de Paris stated
10

Syndicat interdépartemental d’assainissement de l’agglomération parisienne (Greater Paris Sanitation Public
Utility). See paragraph on sanitation
11
In fact, this concerns the volume of water sold within the SIAAP's territory acting as the basis for its financial
revenues.
18

that 70% of water consumption corresponded to domestic uses. As a percentage, this reduction is
greater in Paris than in the region covered by SEDIF. The data for SIAAP, whose territory corresponds
quite closely to that of the megacity of Paris, give an accurate picture of the overall trend for water
consumption. Throughout the entire Île-de-France region, there has been a 14% reduction in
consumption per inhabitant. This is therefore an underlying trend, which is also observed in other
large European cities including Berlin and Brussels.

Table 5: Summary of changes in consumed volumes, population and total consumption on a per inhabitant basis in
Paris, throughout the SEDIF's territory and vis-à-vis the base volume for the SIAAP's sanitation charge (data from
the Ville de Paris, SEDIF and SIAAP, produced by SIAAP)

PARIS

SEDIF

1999

2013

Variation from
1999 - 2013

Consumption in millions m3/year

211.8

176.9

- 17 %

Population in millions of
inhabitants

2.13

2.27

+ 7%

Consumption in m3/inhab./year

100

78

- 22%

Consumption in millions of
m3/year

267.0

234.4

- 12%

Population in millions of
inhabitants

3.97

4.41

+ 11%

67

53

- 21%

Base volume for the charge

584.4

518.1

- 11%

Population in millions of
inhabitants

8.266

9.017

+ 9%

71

57

- 19%

Consumption in m3/inhab./year
SIAAP
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Figure 17: Changes in drinking water production and consumption in Paris (Ville de Paris data (1945 – 2005)

Resources
One of the characteristics of the megacity's water supply is the proliferation of water sources, from
the surface waters of the Rivers Seine, Marne and Oise to a variety of groundwater resources.
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The city of Paris itself differs from the rest of the conurbation because over 40% of the water
consumed comes from groundwater, first abstracted at the end of the 19th century from natural
springs, without affecting the level of the water tables. Elsewhere, the water comes mainly from
surface waters. In the rest of the Île-de-France region, groundwater constitutes the main resource,
but as fewer inhabitants are supplied, the volumes concerned are thus lower. (Figure 18).

Figure 18: Map of the water supply in the Paris conurbation (from AESN)
Groundwater

In Paris, the abstraction of groundwater at long distances—from springs as far as 100 km from the city
centre—and conveyed by a 470 km-long network of aqueducts, began at the end of the 19th century.
It is conveyed by gravity to Paris.
Beyond the city, some of the municipalities in the eastern part of the region are supplied by
groundwater, which is pumped from the Champigny limestone aquifer in particular and from the
Albian aquifer to a lesser extent.
Certain aquifers are under significant quantitative and qualitative pressure and suffer from conflicts
of use between agriculture and the water supply. This applies to Champigny limestone aquifer in
particular.
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Surface waters

As opposed to groundwater, surface water quality has been generally improving apart from in relation
to phytosanitary products. The drop in consumptions and more efficient distribution have
automatically reduced the abstractions. Finally, the commissioning of the last storage dam—the Aube
conservation reservoir—in 1990 completed the scheme to ensure the security of the conurbation's
water supply.

Technical resources
The water treatment facilities were originally designed to treat a resource of inferior quality to today's
water, with the exception of chemical micropollutants which have led to the widespread
implementation of active charcoal purification treatments. The megacity of Paris thus possesses the
most effective technologies to ensure the production of its drinking water (Table 6).
Table 6: Capacity of the main drinking water production plants using surface waters from the Paris conurbation
(Source: AESN )
Nominal production
Operator
River
Name of plant
capacity
SEDIF
Seine
Choisy-le-Roy
600,000 m3/d
SEDIF
Marne
Neuilly-sur-Marne
600,000 m3/d
SEDIF
Oise
Méry-sur-Oise
340,000 m3/d
Eau de Paris
Seine
Orly
300,000 m3/d
Eau de Paris
Marne
Joinville
300,000 m3/d
Eau du Sud Parisien (Suez)
Seine
Morsang
225,000 m3/d
Eau du Sud Parisien (Suez)
Seine
Viry Chatillon
120,000 m3/d
Eau du Sud Parisien (Suez)
Seine
Vigneux
40,000 m3/d
Suez
Seine
Le Pecq
160,000 m3/d
S.E.P.G (1)
Seine
Mont Valérien
115,000 m3/d
Seine alluvial
S.M.G.SEVESC (2)
Louveciennes
120,000 m3/d
deposits
Régie de Saint Maur
Marne
Saint Maur
25,000 m3/d
Veolia Eau
Marne
Annet-sur-Marne
130,000 m3/d

(1) : Syndicat des eaux de la Presqu’île de Gennevilliers
(2) : Syndicat Mixte pour la Gestion du Service des Eaux de Versailles et Saint Cloud

Overall, there currently appears to be surplus drinking water production capacity at the heart of the
megacity of Paris. This is mainly the result of the consumption forecasts—on which the planning of
the facilities was based in the 1970s—being inaccurate or indeed erroneous. This situation caused Eau
de Paris to close the Ivry-sur-Seine plant in 2010: a rare enough occurrence to be worth mentioning
here.

Paris and Eau de Paris
In 2014, Eau de Paris produced 550,000 m3 of drinking water per day. Two plants are dedicated to the
treatment of surface waters. Groundwater is treated by four spring water purification plants. Five
main reservoirs with a capacity of 1.7 million m3, which are interconnected via the LIRE (Liaison Inter
Réservoirs d’Eau) network, provide enough water to last two days.
Unusually, the water distribution system in Paris (2,015 km of piping, amounting to approximately
1 m/inhab.) is installed in the sewerage system, which facilitates its maintenance. This distribution
system operates at a very high level of efficiency: nearly 92%.
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Eau de Paris has only 93,000 subscribers, including 67,000 residential subscribers, as apartment
buildings usually count as a single subscriber. This gives a ratio of 37 inhabitants per residential
subscription.
Paris is also in the unusual position of having a non-drinkable water system. This system has existed
since the 19th century and the Council of Paris, following a consensus conference held in 2009/2010,
voted to maintain and develop this system in 2012. New uses12,13 have been assigned to it, such as the
elimination of urban heat islands, the production of heat and cooling energy and the distribution of
non-drinkable water to certain adjacent municipalities. 220,000 m3 are produced each day for cleaning
streets, watering parks and gardens, supplying fountains and artificial rivers in gardens and woods,
and finally for the flushing mechanisms in the sewers. This production was twice as high until 2005.
This system is supplied by the Canal de l'Ourcq using water originating from several small rivers
diverted for this purpose, from the River Marne and by water pumped from the Seine. This water is
simply screened and filtered before being distributed throughout the streets of Paris via a specific
network extending for 1,700 km.

The Syndicat des Eaux d’Île-de-France (SEDIF)
The SEDIF covers 149 municipalities with a population of 4.43 million inhabitants. In 2014, it produced
an average of 750,000 m3/day.
It possesses three plants on the Seine and the Marne with a maximum capacity of 800,000 m 3/d and
on the Oise with a maximum capacity of 340,000 m3/d.
Groundwater only accounts for 6% of the SEDIF's total production.
The SEDIF's system includes approximately 8,400 km of piping including 682 km of mains system,
which amounts to 1.9 metre per inhabitant. lt serves 570,000 consumer supply lines.

Syndicat des Eaux de la Presqu’île de Gennevilliers and the Syndicat Mixte pour la
Gestion du Service des Eaux de Versailles et Saint Cloud
To round off this review of the current situation, two other water authorities can be added to this
presentation, thus covering nearly 95% of the water consumption of the central region of the Paris
metropolis served by the SIAAP (cf. 0 - p23).
The Syndicat des Eaux de la Presqu’île de Gennevilliers covers 10 municipalities with a population of
600,000 inhabitants for 58,765 subscribers. The distribution system is 990 km long. In 2012, a volume
of 95 000 m3/day was billed.
The Syndicat Mixte pour la Gestion du Service des Eaux de Versailles et Saint Cloud covers 22
municipalities and serves 360,000 inhabitants via a 900 km-long distribution system. 51,500 m3 of
water per day are billed.

Sanitation in the megacity
The megacity of Paris has 33 waste water treatment plants (cf. Figure 19), six of which belong to the
Syndicat Interdépartementale pour l’Assainissement de l’Agglomération Parisienne (Greater Paris
Sanitation Public Utiliy - SIAAP – cf. §0 - p23 ), which purifies the water of 85% of the megacity's
population. Nevertheless, it is important to emphasise the very important role played by purification

12

APUR: Etude sur le devenir du réseau d'eau non potable – Partie 1: Analyse et diagnostic December 2010 –
149 pages
13
APUR: Etude sur le devenir du réseau d'eau non potable. Partie 2 : rappel et nouvelles pistes de réflexions
juillet 2011 – 107 pages
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plants that do not belong to the SIAAP in ensuring the quality of the region's small rivers. However, in
the remainder of this paragraph on sanitation, we shall focus on the region in which the SIAAP is
responsible for urban waste water purification. In this region, the organisation of sanitation is more
complex than for drinking water for both technical and organisational reasons due to the large number
of stakeholders involved: municipalities (over 280), four départements, around twenty inter-municipal
regulatory authorities (syndicats) and one inter-departmental regulatory authority.

.

Figure 19: Map of Waste Water Treatment Plants with a capacity of more than 10,000 equivalent-inhabitants in
the megacity of Paris (according to SIAAP AESN)

Sanitation at the heart of the megacity of Paris
A product of history, the SIAAP was created in 1970. It is administered by Paris and the départements
that make up the inner suburbs (Petite Couronne). However, its collection area overlaps with the outer
suburbs (Grande Couronne). This territory, with a total surface area of 1,800 km2 consists of a total of
282 municipalities (including 124 municipalities in the inner suburbs) which are home to 8.9 million
inhabitants. It is responsible for water purification for the centre of the megacity.
Its governance is carried out by a management board consisting of 33 representatives of inner
suburban départements.
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The sanitation scheme for the conurbation has evolved over time. In 1929, the principle was to
concentrate all of the waste water at a single plant downstream of the conurbation. In 1968, this
single-plant concept was abandoned, at a time that coincided with the emergence of the first
institutional decentralisation measure for the conurbation.

Figure 20: 1929 sanitation programme

Figure 21: 1968 sanitation scheme

A master plan was adopted in 1997. It established the broad thrusts of the sanitation policy currently
in force in the central area of the megacity. It was the subject of an agreement between the SIAAP,
the Île-de-France region and the Water Agency. The main measure was to limit the volumes treated
at the Achères – Seine aval downstream waste water treatment plant—due to the disturbances
caused—and the transfer of treatment to a group of six smaller plants. It also recommended the
creation of rainwater storage/release basins in order to reduce pollution during rainy weather.
Since then, the master plan was revised in 2007 with a consultation extended to the SIAAP's
constituent départements and to the inter-municipal regulatory authorities linked to the SIAAP.
A new revision is currently underway. It places particular emphasis on controlling pollution in wet
weather, which is the main cause of failing to achieve the targets of the Water Framework Directive.
It takes account of the population increasing from 8.8 million inhabitants in 2009 to 9.6 million in 2030,
water consumption declining from 59 m3/inhabitant/year to 52 m3/inhabitant/year and, above all, the
run-off surface area connected to the sanitation system stabilising at the current value of 252 km2.

A multi-operator system
Within the region covered by the SIAAP, the collection, conveyance and treatment of waste water are
divided among several operators (Figure 22):


the municipalities, or occasionally consortia thereof, are responsible for the basic collection
of urban waste water as well as rainwater throughout a 15,000 km system. This is an essential
level because it determines the quality of the waste water collection and the control of
rainwater



the départements of Paris, Hauts-de-Seine, Seine-Saint-Denis, Val-de-Marne and, in the outer
suburbs, the inter-municipal sanitation regulatory authorities (syndicats intercommunaux
d’assainissement), are responsible for the intermediate conveyance between the authorities
responsible for the basic collection and the transfer sewers leading to the purification plants



the SIAAP is responsible for the final conveyance to its waste water treatment sites.
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Figure 22: Flowchart showing the waste water collection and treatment in the megacity of Paris Source:
https://www.seine-saint-denis.fr/IMG/jpg/reseaudea72-2.jpg

Sanitation infrastructures
Wastewater treatment plants

The SIAAP has completed the construction of the 6 waste water treatment plants envisaged in 1997.
Nevertheless, the modernisation of the oldest plant: Seine aval (Figure 23) is still underway. These
works should constitute the last stage in ensuring the good physico-chemical status of the Seine, a
requirement of France's European commitments for 2021.
Table 7: capacities of the SIAAP plants in equivalent-inhabitants
Person Equivalent (PE capacity
Biological
Optimum
treatment
capacity
capacity in rainy
weather

Plant

Seine aval* at
4,182,000 PE
Saint-Germain-en-Laye (Yvelines)
Seine amont at Valenton
2,618,000 PE
(Val-de-Marne)
Seine centre at Colombes
982,000 PE
(Hauts-de-Seine)
Seine Grésillons at Triel-sur-Seine
1,149,000 PE
(Yvelines)
Marne aval at Noisy-le-Grand
500,000 PE
(Seine-Saint-Denis)
Seine Morée at Blanc Mesnil
300,000 PE
(Seine-Saint-Denis)
9,731,000 PE
Total
* capacity of the future water treatment line
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8,218,000 PE
4,000,000 PE
982,000 PE
1,322,000 PE
605,000 PE
351,000 PE
15,478,000 PE

Figure 23: Location of the SIAAP's major structures

Collection and conveyance systems at the heart of the megacity of Paris

A vast collection and conveyance system, with an estimated length of approximately 15,000 km, has
been created over time in line with the growing urbanisation of this region. The inner suburban
départements are served by approximately 1,900 km of systems responsible for the intermediate
conveyance of waste water between the municipalities and the SIAAP.
Table 8: breakdown of the linear distances of the systems owned by the départements belonging to the SIAAP
Paris
Combined
Rainwater
Wastewater
Total

2,100 km

Hauts de
Seine
384 km
74 km
72 km
530 km

SeineSaintDenis
356 km
190 km
124 km
670 km

Val-deMarne
195 km
377 km
261 km
833 km

This system consists of structures designed mainly for the management and conveyance of water in a
single system, but also exclusively for waste water and rainwater conveyance structures (cf. Table 8).
The départements, municipalities and consortia thereof are responsible for the specific management
of rainwater.
In addition to the systems and purification plants belonging to the départements and the SIAAP, the
sanitation system consists of:


rainwater storage and release structures with a total capacity of nearly 2 million cubic metres



numerous electromechanical pumping plants and stormwater outfalls



highly sophisticated real-time water management systems.

Regarding this last point, the challenges of managing flows in rainy weather—particularly in order to
counteract the risks of flooding due to the overflowing of systems—prompted the départements to
26

start investing in real-time management at a very early stage: in the late 1970s. Today, each operator
possesses a system adapted to its specific constraints, with the dual aim of combating flooding and
protecting the recipient system. These systems are interconnected and the different operators
communicate with each other on a daily basis.
One of the unique characteristics of this system is the high potential to create interconnections among
the waste water treatment plants. This ability to transfer flows among plants is a rare enough
occurrence worldwide to be worthy of mention here.

Financial aspects of water management in the megacity of Paris
The water bill forms the basis for financing water supply and sanitation services in addition to a
significant proportion of the French water policy through the charges collected by the water agency,
by virtue of the "water paying for water" principle implemented in France since the 1964 Water Act
and consolidated by the WFD.
Each of the agencies responsible for drinking water and sanitation enters the rate to be applied to the
volume sold on the water bill, which thus allows for the collection of the sums required to finance the
water agency's charges. To this are added VAT and the charges allocated to the funding of the water
policy by the water agency. The issuer of the water bill then transfers the sums collected to each of
the water agencies concerned. This system is simple, efficient and transparent as it is clearly itemised
on the water bill.
To show the sizes of the budgets in question, the operating and investment costs of the SIAAP, SEDIF
and Eau de Paris are shown in Table 9.
Table 9: operating and investment costs of the SIAAP, SEDIF and Eau de Paris

Operation
(million euros)
551
335
177

SIAAP (2014)
SEDIF (2014)
Eau de Paris (2014)

Investments
(million euros)
563
148
84

Seine Grands Lacs is financed partly by a contribution of approximately €13 M from its members, half
of which comes from the city of Paris, and as compensation for public service costs with regard to lowflow support. This compensation is levied on the volume abstracted downstream of the four
conservation reservoirs managed by the institution at the rate of €0.014/m3 abstracted from 15 June
to 15 December. In 2014, this amounted to revenue of approximately €7.5 M. The overall budget,
including all revenues, is approximately €24 M/year including €12.3 M for operations.
The table (Table 10) gives the average price of water in 2014 for an average consumption of 120
m3/year in Paris and within the SEDIF's territory.
Table 10: prices of water for a consumption of 120m3/year per household on 1 January 2014
€/m3 all taxes
included
SEDIF
Paris

Total price
4.21
3.42

Drinking
water
component
1.46
1.24
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Waste
water
component
1.73
1.32

Water
agency charges
and taxes
1.01
0.87

A more detailed analysis of water prices, excluding the standing charge, for 201214 was carried out for
part of the SIAAP's administrative territory. The price varied between €3.015/m3 and €5.14/m3 with
an average weighted price in relation to the volumes of around €3.62/m3. Sanitation currently
accounts for approximately 60% of the price of water.
A significant proportion of the water price differences observed is due to municipal sanitation fees,
which vary between 0.08 and €1.265/m3, according to the municipalities. One of the main reasons for
this is the variation in the linear system/inhabitant ratio from municipality to municipality: from less
than 1 in Paris, it can rise to 10 in suburban housing estates. At the same time, the volume of water
sold per metre of piping is significantly lower in these areas: 30 to 50 litres/metre of piping compared
to 350 to 500 litres/metre in the heart of the conurbation.
Historical legacies may also have an impact: the quality of the construction of sewerage systems has
been very inconsistent over time. Paradoxically, the oldest systems are not always in the worst
condition. However, these assets pose major challenges and may have required significant
investments, as has recently been the case for the historic aqueducts of Paris. Municipalities situated
in areas served by separate sewer systems are often amongst the most poorly endowed: these
systems were primarily developed after the Second World War when speed rather than quality tended
to be the priority for sanitation. These municipalities suffer both from the poor quality of execution
and the defective selectivity of collection. This results in a need to carry out major upgrading work on
municipal systems. Finally, the content of this work programme varies greatly from one municipality
to another according to their aims, which then raises the question of the overall efficiency of the
system.

14

Sources: 2012-2013 data collected by OBUSASS
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PART B: Outlook and future challenges

During the next 50 years, water management in the megacity of Paris will face two major challenges:


the consequences of demographic changes as anticipated due to the development of the
Greater Paris Metropolis



the effects of climate change.

For both of these issues, we now propose to review the existing knowledge and the foreseeable
consequences between now and 2040-2070.

The anticipated changes in the megacity of Paris
Several regional decentralisation reforms have been carried out during the last fifty years in order to
forge closer links between citizens and decision-making bodies, and in an effort to find solutions to
the different challenges at the appropriate levels, by applying the principle of subsidiarity.
The latest major change is underway. Given the observation, made within the megacity of Paris, of the
metropolisation of certain issues, such as housing, urban planning and transport, as well as the need
to increase its international recognition beyond the boundaries of the city of Paris, the Greater Paris
Metropolis (Métropole du Grand Paris) 15was established by a law adopted in January 2014. This new
authority will come into force on 1 January 2016. The creation of this coordination and planning
platform could be considered a relevant response to issues that transcend the boundaries of
municipalities and départements, as is the case at this level for the issues of drinking water supply,
sanitation and adaptation to climate change Its implementation will be gradual and a large proportion
of its powers still need to be defined. Its territory essentially corresponds to that of Paris and the
départements of the inner suburbs, whereas the megacity of Paris covers a larger territory, as
mentioned previously. Therefore, it is not completely consistent with the territory of the megacity of
Paris and with its operation, including for water and sanitation-related issues.
While the territorial project to be promoted by the new metropolitan institution is still being
developed, two components already form the backbone of the metropolitan project:


the improvement of public transport with the creation of new, peripheral public transport
networks which will provide a new impetus for urbanisation around new stations



ambitious housing construction objectives.

Throughout the SIAAP's administrative territory, a 9%16 increase in the population is anticipated over
the 2012 – 2030 period, which amounts to practically 1 million inhabitants whose arrival may have a
significant impact on water management: water supply, waste water collection and management of
the newly sealed soils.

Effects of climate change
15

Public action modernisation and assertion of metropolises Act (Loi de modernisation de l'action publique
territoriale et d'affirmation des métropoles) of 27 January 2014.
16
Hypothesis adopted by the SIAAP for the 2015 revision of its sanitation plan in agreement with government
authorities.
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The effects of climate change on the hydrology of the Seine have been examined primarily in the
framework of several research projects, in partnership with operational stakeholders:


"RexHySS"17, carried out by a multidisciplinary team from 2007 to 2009, allowed for the
estimation of the consequences of climate change on the hydrological regime of the Seine by
2050 and 2100



"Climaware", for which some of the research concerned the Seine basin and the role of
storage dams18 and which seeks to propose adaptation strategies for water management in
response to the impacts of climate change on surface waters



the "Explore 2070" programme19. These simulations concern a horizon of 2045 – 2065 and are
based on the A1B climate change scenario of the Intergovernmental Panel on Climate Change
(IPCC).

All of these works concur in considering that major changes will be made to the hydrology of the Seine
basin area from 2050 onwards: the state of plenty which has been the case for water resources may
no longer be the rule. On the other hand, there are no clear statistical signals concerning a change in
the flood hazard.
The main conclusions are as follows:


An increase in air temperatures of 2.3°C for the annual average and as much as 3°C in summer



A downward trend for summer rainfall with strong uncertainties about the rainfall
characteristics but of lesser importance than the increase in the evaporation demand



The potential evapotranspiration demand will increase very significantly. This variable has a
very strong influence on the aquifer recharging process and thus on the low flow rates of rivers



The low flow rates of the Seine, with very similar rules for low flow support by storage dams
to those in force today, will drop significantly from 2050 onwards: a drop of between -10 and
-50% in the mean annual flow rate of the Seine in Paris is anticipated, depending on the
models used. The drop in the five-year low flow rate could be as much as 60%. This decrease
is simulated on the basis of the current abstractions and land uses. The changes concerning
ten-year floods are more consistent and generally less significant



In aquifers, a drop of 1 to 5 metres in relation to today's levels is anticipated, whereas these
are the main sources of supply for rivers and provide most of their low flow volumes.

The results obtained to date show that by 2050, the highest probabilities for deterioration concern
the drought hazard. Therefore, more studies and research need to be carried out in this field,
specifically concerning the impacts of changing agricultural practices on water requirements, changes
in the management of these structures and in their characteristics, and the changes in drinking water
consumption for domestic uses. The main issue relating to climate change concerns the risks of a
deterioration in water quality as a result of the drop in the low flow rates of rivers. Overall, the
pollution loads discharged by the urban waste water purification plants situated in the upstream basin
areas of the Seine should remain stable. Any drop in the rate of flow should thus lead to higher
concentrations in the water. The megacity of Paris will thus face a twofold problem, with a reduction
of the dilution capacity for these discharges due simply to the drop in flow rates, which will be
magnified by the highly likely increase in concentrations in the Seine, Marne and Oise. At the same

17

http://www.sisyphe.jussieu.fr/~ducharne/rexhyss/DOCS/Rapport_final_0000454_web.pdf

18

http://www.seinegrandslacs.fr/docs/EPTB%20Seine%20Grands%20Lacs/Partenaires/Climaware_Final_Report_
may2014.pdf
19
http://www.developpement-durable.gouv.fr/IMG/pdf/Explore2070_4pages_Hydrologie_surface.pdf
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time, the rise in the population of the megacity will increase the pressure on treatment systems. In
this context, maintaining the Seine in good condition, according to the current criteria, becomes a very
important issue, particularly form the perspective of sustainable development.
An analysis undertaken by government agencies and all stakeholders has allowed for the performance
of a shared diagnosis concerning the sustainability of the Paris conurbation, especially—but not
exclusively—in the water sector. The findings can be summarised in the following manner:


With regard to drinking water, the report concludes that "Modifications to the
hydrogeological regime in response to climate change could significantly modify the current
fragile balance, with a reduction in the flow rates of the major rivers in summer, a seasonal
increase in agricultural needs in particular, a rise in temperatures and in evapotranspiration,
new requirements relating to adaptation to climate change, etc. Groundwater resources,
which supply many local authorities in the outer suburbs, are dependent on how surface soils
are used, and are damaged by the increased concentrations of pesticides and nitrates
associated with agricultural practices. Changing these practices has emerged as a general
challenge: a model that uses inputs and water more sparingly must be sought.



Regarding sanitation: the report stresses that "the consequences of climate change for the
dilution capacity of waste water outfalls will be an essential factor in maintaining the good
status of surface water bodies (…). At the Ile-de-France level, the discharges and abstractions
will certainly increase the pressure exerted by the Paris conurbation on aquatic environments
and the already vulnerable water resources, in a context of heightened tensions due to climate
change".

Towards the integrated management of the megacity's
water
The aforementioned factors driving change: demographic change and the effects of climate
disruption, constitute both an opportunity and a justification for making major changes to the
management of water and the protection of this resource throughout the megacity of Paris. They can
be added to the other key issues already taken into account in the water management strategies that
have been deployed over a period of many years in coordination with the Water Framework Directive
and the Flooding Directive (directive inondation). Furthermore, to obtain the expected results, the
measures to combat urban flooding, micropollutants and, above all, emerging pollutants, must also
be taken into consideration. One of the major challenges in maintaining the efficiency of the sanitation
system will be to control the inputs of run-off water associated with the development of the
conurbation. The water utilities are already operating in a state of uncertainty regarding the future
availability of the resource but also in terms of the demand, as shown by the questions raised by the
development of rainwater collection practices (Carré, Deroubaix, 2009).
In such a context, the multitude of factors driving change, and the move towards integrated urban
water management, complicate any attempts to present the foreseeable changes in water
management at the megacity level in each sector (drinking water, sanitation, floodwater, etc.). We
shall now describe this approach for each of the sectors and then present the new inter-sectoral
approaches.
It is important to note that these changes rarely have a single cause and that they are usually driven
by multiple factors.
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Controlling the flow rates of rivers
The first stage in the integrated management of water in the megacity requires the maintenance of
an adequate rate of flow throughout the length of the waterway. As the scientific studies anticipate a
drop in flow rates during the low water period, the first envisaged approach consists of modifying the
storage dam management rules so as to guarantee the frugal management of water reserves in order
to ensure the cooling of the Nogent-sur-Seine nuclear power station situated 100 km upstream of
central Paris, the water supply for the Paris conurbation and the dilution capacity for discharges from
the megacity.
The results (Figure 24) show that the new, optimised management rules for storage dams do not
guarantee the maintenance of the current probability of failure to conform to the predetermined
thresholds and that a significant deterioration is expected in the future.

Figure 24: Changes in the mean daily flow at the present time (PST) and in future (FUT) on the Seine at ParisAusterlitz. The coloured areas represent the amplitude of the different simulations. The flow rates presented are
simulations of natural and influenced flow rates

The question of drinking water
The general characteristics of the infrastructures should facilitate adaptation to the future changes
because the conurbation currently has a surplus water production capacity that is required to deal
with crisis situations in view of the potential risks. At the financial level, a continued drop in
consumptions could pose a problem with regard to the pricing model, which based primarily on the
volume consumed.
Anticipating future water consumption is no easy matter. In the short to medium term, the trend
should remain downward. Economic and service activities still have the potential to reduce their
consumptions. Further reductions are also possible for domestic users, especially if messages
promoting the sparing use of water are intensified; however, there may be a limit to these savings.
SIAAP assumes a lower limit of 52 m3/inhabitant/year for its projects. On the other hand, the observed
trend could change given the context of climate change. The heat wave of 2003 provided evidence of
this, leading to high peak consumptions and a 2% increase in water consumption.
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With regard to the water needs of local authorities, just over half of their requirements are satisfied
by groundwater, but surface waters account for over 75% of the water for the megacity of Paris. A
future increase in this proportion cannot be ruled out because in response to tensions over
underground resources, the city of Paris could be obliged to reduce its abstractions of these resources.
Surface water could then be used more intensively than at present. Moreover, the River Oise does not
benefit from any low-water support and studies show that it will be hit especially hard by the drop in
minimum annual flows. At certain times of the year, the transfer of abstractions to the Marne and
Seine cannot be ruled out.

Sanitation and waste water treatment
Management of sanitation in rainy weather
For the horizon of 2020 – 2030, the primary challenge is to achieve good status for the quality of the
Seine and then to maintain this good status. The achievement of this goal is firstly dependent on the
future ability to manage the impact of the sanitation system in rainy weather. This is a complex
challenge that will require the creation of infrastructures capable of reducing the current impacts.
These works have already begun. But there is also another key issue: the stabilisation of run-off inputs
at their current level in a conurbation with a growing rate of soil sealing in line with the major urban
transformations taking place throughout the Greater Paris Metropolis.

Exploiting the resource represented by urban waste water
Urban waste water remains an under-exploited resource. It has an energy content due to its
temperature and, above all, its carbon content could be exploited better than it is at present. The new
possibility of using the biomethane produced from biogas originating from sludge methanisation to
generate energy opens up new opportunities in terms of reducing greenhouse gas emissions. This
would then provide a strong incentive to redesign the entire sludge treatment process20 with a view
to conserving the maximum amount of biogas for biomethane production. Indeed, this biomethane
could then completely replace fossil methane. Furthermore, with the certificates of origin for energy,
it could be used as a replacement transport fuel instead of diesel which produces much more pollution
than just CO2.
Phosphorous and nitrogen resources must also be taken into consideration. Phosphorous because it
is only available in limited amounts and waste water contains quite a high proportion. Nitrogen
because the production of nitrogenous fertiliser is totally dependent on fossil methane and waste
water contains over 95% of the nitrogen ingested by people.

Preparing for the effects of climate change on the quality of the
Seine
The combined effects of climate change and a rising population could make it very hard to achieve a
discharge quality that will allows for the maintenance of the quality of the Seine. As previously
mentioned, it will be essential to maintain a dilution capacity in coordination with the management
of low flow support. Moreover, the reduction in the flow rates of Seine's tributaries upstream of the
Paris conurbation should lower the quality of the Seine, the Marne and the Oise where they enter the
conurbation. The effects of the reduced dilution capacity of pollutant flows due to the reduced flow

20

At the Seine aval waste water treatment plant, the energy from biogas alone represents a resource amounting
to 410 GWh/year, whereas 260 GWh of energy is purchased per year, or 630 GWh taking account of the primary
energy required for electricity generation.
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rates could be compounded by an additional decrease due to a rise in pollutant concentrations in
rivers upstream of the conurbation.
Maintaining the quality of the water in the Seine will require very high levels of efficiency overall, but
also and above all, there must be a very high degree of reliability.
In this context, techniques that mark a departure from current approaches, in addition to changes in
uses and practices, must be explored, at least at the pilot level and to tight deadlines. Avenues worth
exploring include selective urine collection in new urban developments. This is an interesting prospect
in several respects: it could allow for the stabilisation of nitrogen inputs at purification plants at their
current level and the gradual restoration of the balance of waste water to the extent of avoiding the
need to extend the purification capacities. It would also allow for the recycling of more nitrogen and
the reduction of constraints on the treatment of phosphorous. On the other hand, it would introduce
changes of practices that need to be discussed with users.
Operating practices must change to incorporate a greater number of constraints and variables,
including with regard to energy and the optimised use of resources. The optimisation of efficiency
must be based on more abundant data and new operating support tools in order to reconcile
compliance with environmental objectives and the management of costs. This implies the
development of smart operating support systems based on the modelling of the conveyance of
pollutants towards plants and of treatment processes. The entire process needs to be controlled by a
system that takes account of the status of the Seine.
These technical developments can only help to maintain good ecological status in the recipient system
if the interactions and coordination throughout the sanitation management chain are consolidated
for optimum efficiency.

Chemical pollutants
The achievement of good chemical status means controlling the flows of a large number of
micropollutants and, in particular, the hazardous substances considered to be priorities by the WFD,
whose discharges must be eliminated by 2021. This is a complex and vast subject due to the number
of molecules concerned, their origins and their uses, which means that unlike traditional pollutants,
there is no simple way to control them. A whole new strategy needs to be developed and deployed,
based on new treatment methods and, above all, by controlling these micropollutants at the source,
which will require changes to the regulations for the use of some of these pollutants. Concerted
actions involving all stakeholders in the sanitation chain will also be required. This issue could also
lead to a review of the processes used for disposing of sewage sludge that is contaminated with these
micropollutants. However, progress still needs to be made in assessing the actual environmental
impacts of these pollutants.

Management of water in the city
To protect the natural environment and consolidate the presence of water in the city, a modification
of the paradigms established in the 19th century is underway and will continue throughout the next
century, given that this will be a very slow change associated with the speed of urban renewal.

Urban rivers
One the one hand, the revitalisation of urban rivers—some of which had been transformed into closed
sewers—is already underway. This is a response to residents' wishes to rediscover the joys of bathing
and nature and the public authority's desire to redevelop biodiversity in the urban environment by
creating corridors characterised by the presence of water and natural spaces: the "green and blue
belt" network. This revitalisation poses practical as well as theoretical problems, the biggest of which
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include the definition of the environmental objectives for these rivers which will still be highly
impacted by mankind. Special attention is being paid to several rivers. Bathing is expected to be
possible in the years to come in the Marne and the Seine, whose quality is already compatible with
this activity on several days a year during periods of dry weather.

Rainwater and urbanisation
In periods of wet weather, on the other hand, in addition to centralised technical solutions for
controlling spillovers in rainy weather, there is now a strategy that firstly seeks to allow for the
infiltration of the maximum amount of rainwater, thus avoiding any discharge into the systems and
slowing down run-off in the basin areas. Making the city more permeable while increasing
evapotranspiration and the recovery of rainwater for both indoor and outdoor uses will become
absolute necessities. This policy transcends the field of sanitation and must be conducted in
partnership with other urban policies21, especially housing and urban planning.

New uses of water in line with climate change
New uses of water are currently envisaged, such as combating urban heat islands during heat waves
by reducing the albedo and allowing for greater plant cover in order to increase evapotranspiration or
the direct evaporation of water. In this context, it is a highly beneficial that Paris has its own nondrinkable water system. In addition to the ability to produce heat and cold energy for the airconditioning of buildings, this system can also be used for cooling the city using different water than
that intended for human consumption. Nevertheless, these developments could come into conflict
with other uses. Indeed, this system is supplied by abstractions from the Seine and Marne. Studies are
also being carried out22 to identify alternative resources, including the use of rainwater and water
pumped out during the lowering of water tables. According to the changes in future tensions over the
resource, certain stakeholders have also raised the question of using purified water. In the same way,
whereas the technical approach has thus far tended to focus on centralised systems, it is impossible
to rule out future changes to water management that will combine infrastructure solutions with
decentralised solutions in which even the users themselves could become stakeholders. This approach
is already partly used in the management of run-off at the source.

Components of revenues and future trends
The pricing of water has been the subject of debate for several years. There are two main reasons for
this: the burden placed by the water bill on households, especially the most disadvantaged, and the
sustainability of the financing of water utilities. Today, there is an insufficient understanding of the bill
that is actually paid by the user, and this information is essential to the debate on the public water
and sanitation service. Stable revenues are the key to ensuring balanced budgets in view of the major
investments to come, and are indispensable for maintaining the assets in good condition, which is not
the case with the current system based on the price of water per m3 alone. Under these conditions,
the revenues of the public service are put under great strain due to the drop in volumes sold.
In the future, the cost of sanitation should continue to rise. Indeed, significant investments are still
required in order to ensure a sustainable contribution to the goals of the Water Framework Directive.
To this can be added the operating and maintenance costs of the investments already made in
addition to the operating costs of the new facilities. The price of water per m3 will be need to rise and,

21

APUR - Préservation et valorisation de la ressource en eau brute – Partie 1 : une gestion métropolitaine des
eaux pluviales - March 2015 – 55 pages
22
APUR - Du réseau d'eau non potable à l'optimisation de la ressource en eau - December 2013
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depending on increases in productivity, it may need to increase beyond the level required just to
compensate for the reduction in the volumes consumed.
In this context, although the majority of users never even read their water bill, the question of the
acceptability of these rises could be posed. The impact of these increases on household expenditure
cannot be ignored. In addition, a more detailed knowledge of the bill that is really paid by users could
help to enlighten the debate. The concept of average household consumption is far from sufficient for
estimating the bill because the current benchmark of 120 m3/year is now meaningless due to the
regular drop in consumptions.

In conclusion
Dear reader, you have now come to the end of this perusal of the world of water in the megacity of
Paris which is just becoming aware of its existence. And you haven't even seen the water...
You haven't seen the concern in the engineers' eyes or their constant efforts to protect the public
from flooding, drought and disease; their achievements: dams, thousands of kilometres of piping for
the conveyance of fresh and clean water, waste water and sewage, rainwater and sewage too, as well
as the increasingly sophisticated treatment and purification plants... You haven't seen the
organisational system that ensures the operation of all these complex components, the administrative
systems that coexist, interact and sometimes overlap, from Europe to the municipality; the financing
systems that are not always fair; the operatives: from the local council worker to the political leader...
All cogs in a machine of variable efficiency responsible for ensuring not only the day-to-day running of
the system but also its development, new models, new challenges and new solutions. But you haven't
seen the water...

Nor have you encountered the bearded god that the Romans believed to be hiding in every river. You
haven't seen how bathing in rivers and lakes was, for so long, the favourite Sunday afternoon pastime
of the working classes who took the "rose train" to their favourite open-air dance halls.
We haven't told you about the extent to which this water, firstly in the city centre, then just outside,
followed by the suburbs and today in the megacity, has played a central role in the lives of people
such as the washer-women and boatmen who were responsible for transporting the majority of goods
and fuels. We could have mentioned the literature that describes this waterside lifestyle, from Victor
Hugo and his famous description of his hero's flight through the Paris sewers in "Les Misérables", to
Jacques Prévert who paid tribute to the Seine by writing:
"The Seine is lucky
She has no worries
She takes it easy
Both night and day […]"
But it is not all about the Seine; the Marne has also been immortalised by writers. Albert Simonin, an
author of detective novels, described life on the banks of the Marne:
"His binoculars were almost an artillery model. He didn't miss a single smile of the girls on board canoes
in the middle of the Marne, the crease of a bikini or the bulge of a breast. He then set his sights on the
riverbank, in the middle of the cabins. Here too, there were all kinds of activities. Women doing their
washing, clouting their kids, one grinding her coffee, another having a shower, an old man training his
dog. And then there were those who thought they were hidden from view... two daring souls—male
and female—stark naked and laid out in the sun on the terrace of their villa. And to cap it all, in a
nearby bathroom, two girls indulging in a very affectionate embrace."
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We could have shown you the paintings by the Impressionists in particular, who must have
frequented every single riverbank, café, bridge and beach, and who experienced the periods of
flooding that were not dramatic, which is rare but quite characteristic of these rivers in the Paris basin
that like to "take it easy".

We could also have watched the countless films that capture the water, the city and its inhabitants at
a given moment in time.

You haven't seen the water, as we have said, but is it still visible today? All of these references are old,
and the most recent ones go back fifty years or so. Yes, there are more recent examples, but they are
fewer in number and less varied. So what has happened?
While enormous technical progress has undeniably been made during this latest period, the landscape
and the city have also been transformed. The megacity has developed with its dense housing in often
remote locations, its motorways and dual carriageways which have often invaded the riverbanks, with
its urge to drain the city of its water which—except in exceptional situations—has banished the rain
from the surface of the land, and with its desire to hide its unsanitary aspects which has led to the
entombing of rivers that have become sewers. Bathing has been banned since 1970 and the small
rivers have been adapted to prevent flooding. Lifestyles have also changed. Low-cost mobility allows
more people to travel farther and more often. Greater productivity and virtualised social lives leave
no time for the imagination which is so often linked to water: it is no coincidence that Gaston
Bachelard combined these two elements.
All of these factors have combined to break the ties that bind the megacity's inhabitants to the water
and cause them to see it as merely a sterile, functional item that flows from the tap and can be flushed
away at the push of a button. Everything is controlled to make sure that the rivers contain sufficient
water in summer and not too much in winter.

But what if the key issue of the 21st century was, in addition to those already mentioned, to rebuild
the links between water and the inhabitants of megacities? What if it meant learning to appreciate
rivers again, both large and small – even if the large rivers of the megacity of Paris are actually quite
small? What if we relearned how to understand the courses of our rivers, to daydream by watching
the clouds and to jump in puddles—not just when we are young? What if we could actually bathe in
the rivers on our way to and from work? And finally, what about heading off in search of our bearded
river gods, who will certainly be breathing more easily than 50 or even 100 years ago, and who are
perhaps a little too warm but are certainly bored of having no company other than the fishes that
have already returned and are now waiting for us to do the same?
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