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FOREWORD
Yang Su Kim

Director of UNESCO i-WSSM
Water challenges are increasingly impacting every region around
the world facing the effects of climate change, urbanization, as well as
natural disasters. Confronted with the on-going water-related challenges,
addressing water security can be a practical approach to deal with
the complex and interconnected challenges and enhance sustainability,
development and human welfare.
Over the years, ‘Water Security’ has gained international attention since
the International Hydrology Programme (IHP) placed an emphasis
on ‘water security’ during its 8th phase, being implemented between
2014-2021, in line with the eight-year Medium-term Strategy of UNESCO
(2014-2021). For instance, ‘Water Security for Peace and Development’ is
the main theme of 9th World Water Forum which will be held in Senegal
in 2021.
The significance of water security and the urgent need to conduct
extensive research on emerging and future global water security issues,
document these studies and disseminate them are globally being
recognized.
Surprisingly, though, a variety of topics regarding water security have not
been researched in depth. There is an urgent need to conduct extensive
research on emerging and future global water security issues, document
these studies and disseminate them.
In response to demand, UNESCO International Centre for Water Security
and Sustainable Management (i-WSSM) published the Global Water
Security Issues (GWSI) Case Studies with the aim of providing a starting
point for discussion on a range of issues that collectively fall under the
umbrella of water security, identifying the present issues, broadening
discourses, bringing regional cases to the center, and sharing diverse
perspectives.
The GWSI Case Studies, ‘Water Security and the Sustainable Development
Goals’, provides rich explanations on the related issues of water security
while taking into context various aspects such as governance, society,
environment, and technology. The Case Studies sheds lights on how the
approaches to water security play important roles to achieve multiple

priority development areas including climate action, conservation and
restoration of ecosystems, national security, innovative technology,
public health and well-being, clean water and sanitation, and enhancement of
human integrity.
It is timely that UNESCO i-WSSM has decided to work in order to disseminate
global water security issues. I give my sincere thanks to the authors, editors,
reviewers, and staffs for their contributions. I also wish to extend my gratitude
to the Asia Water Council for their partial financial support to publish the GWSI
Case Studies.
Just as water is central to every aspect of life on earth, water security must lie at
the heart of the new vision we forge for sustainable development for the century
ahead. In this respect, the GWSI Case Studies makes an important contribution
to addressing the challenges of water security and disseminate the issues to
broader areas. I hope that the GWSI Case Studies encourages people around
the world to actively contribute to enhancing water security and achieving
sustainable development goals. For a sustainable and prosperous future for all,
the current water challenges we face require collective action.

Yang Su Kim
Director of UNESCO International Centre for Water Security and Sustainable Management
(i-WSSM)
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Abstract
To secure water resources and achieve their continuous flow in arid and semi-arid areas of the globe is a highly challenging task
because one is dealing with the “Management of Scarcity” threatened by droughts, climate changes, population growth, water
quality deterioration, trans-boundary water bodies and social and political detriments. Therefore, solutions must be innovative,
very strict and governed by laws and regulations applied equally to all stakeholders. Jordan, in addition to having characteristics
of arid and semi-arid countries, since 1948, it has been affected by very strong refugee waves from Palestine, Lebanon, Iraq
and Syria among others and hence its water situation has been throughout very critical. But, sound strict laws and by laws and
implementation of adequate water security programs allowed the country to survive and to control its very scarce water resources
in an exemplary way that can be applied also elsewhere. In the current work the water security issues in Jordan are addressed and
the programs, action plans and measures to achieve water security are discussed.

Keywords
Water security, governing laws, strategies, policies and action plans
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01

Introduction
Jordan is a country with very limited and scarce water
resources, having at its disposal around 120m³ of water per
person per year for all use sectors of municipal, irrigational
and industrial uses compared to its needs of 1,200m³ per
person per year which places it at the verge of the water
poverty index (Salameh, 2000). The situation is largely
aggravated by a huge influx of the Syrian refugees and the
high population growth in the country. To achieve a high
degree of water security compatible with its water resources
base Jordan has adapted strategic plans, programs and
measures. The paper will discuss strategic issues related
to the water security of the country as summarized in the
following categories:
•
•
•
•
•
•
•
•

Legal framework, strategy and policy principals
Security against water scarcity
Security of shared water resources
Security of emergency by guaranteeing strategic reserves
Security against water pollution
Security of infrastructure against sabotage and damage
Security of locally produced food
Security against climate change

02

Water Management Setup
: Laws, Policies and Administration
2.1. Legal Framework
In general, the legal framework is of crucial importance for
the development of Water Security for any country and for
the water resources management. In the case of Jordan,
the Constitution establishes for equality before the law and
equality of rights for all citizens. Water and sanitation are
regulated by the Ministry of Water and Irrigation By-Law No.
14 of 2014 (MoWI, 2014), the Water Authority of Jordan Law
No. 18 of 1988 (MoWI, 1988), and its amendments and the
Jordan Valley Authority By-Law No. 30 of 2001(MoWI, 2001).
Other relevant laws include the Public Health Law No. 47 of
2008 (MoH, 2008), the Environmental Protection Law No. 85 of
2006 (MoE, 2006), and the Groundwater By-law No. 85 of 2002
(MoWI, 2002) and its amendments.
These laws and by-laws govern the management of the entire
water resources of the country and permit the building of
sound Water Security in all its aspects such as: Security of
resources, water uses, against pollution, misuse, sabotage,
and depletion.
The "Water Authority Law of 1988 No.13" states in Article 5
that: The Ministry of Water and Irrigation shall carry the full
responsibility for all water and wastewater systems and the
related projects and shall set forth a water policy and submit
it to the Council of Ministers for approval.

In general,
the legal framework
is of crucial
importance for the
development of
Water Security for
any country and for
the water resources
management.
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This article transfers the full authority of the country’s water
resources to the Ministry of Water and Irrigation and gives
the mandate to the ministry to set up the water policy for the
country. Therefore, this article guarantees the solemn right of
allocating the country’s water resources.
Article 25 states: All water resources available within
the boundaries of the Kingdom, whether they are surface or
ground waters, regional waters, rivers or internal seas are
considered State owned property and shall not be used or
transferred except in compliance with this Law.
This article establishes the sovereignty of the state over all
the resources in the country and emphasizes that no party
is allowed to use them without the official agreement of
the ministry. This can be interpreted as a water security
issue, granting the ministry the right to dynamically manage
the resources according to social economic and political
developments.

Article 6
In order to achieve all the objectives intended by this Law
the Authority shall exercise the following responsibilities and
tasks:
A. Survey the different water resources, conserve them,
and determine ways, means and priorities for their
implementation and use.
B. Set up plans and programs to implement approved water
policies related to domestic and municipal waters and
sanitation, and to develop water resources in the Kingdom
and to use them for domestic and municipal purposes,
including digging of productive wells, development of springs,
treatment and desalination of waters, and execute works
to augment the potential of water resources and to improve
and protect the quality thereof. For this purpose, the term
(municipal waters) means waters that are used for domestic,
commercial, industrial and touristic purposes and which are
supplied through the public networks.
C. Direct and regulate the construction of public and private
of wells, investigate water resources, and drill exploratory,
reconnaissance and production wells, and license well drilling
rigs and drillers.
D. Study, design, construct, operate, maintain, and administer
water and public waste water projects including collecting,
purifying, treating, disposing of water and waste water, and
the methods of dealing with water.
E. Draw terms, standards and special requirements in relation
to the preservation of water and water basins, protect them
from pollution, and ascertain the safety of water and waste
water structures, public and private distribution and disposal
networks, and take the necessary action to ensure technical
control and supervision, including, all necessary tests.
F. Carry out theoretical-and applied research and studies
regarding water and public waste water to achieve the Water
Authority's objectives including the preparation of approved
water quality standards for different uses and technical
specifications concerning materials and construction in
order to apply the findings to the Authority's projects in
coordination with other concerned departments; and publish
the final findings and standards so as to generalize their
application by all means available to the Authority.
G. Issue permits to engineers and licensed professionals to
perform public water and waste water works; and participate
in organizing, special training courses to qualify them in
order to improve the standard of such works and to reduce
water losses and pollution. All those involved in water and
waste water works are requested to adjust their practice in
accordance with the provisions of this Article and to obtain
the specified permit accordingly.
H. Regulate the uses of water, prevent its waste, and conserve its
consumption.
I. In addition the law states that: Any water resources that are
not under the management, responsibility or supervision
of the ministry, shall not be used in excess of personal or
domestic needs or other acceptable private usage; nor in
excess of legal water rights in accordance with the laws and
regulations in effect including drinking, and irrigation rights
applicable to the area of land which contains that resource.

2.2. Policy of Integrated Water Resources
Management
The Ministry of Water and Irrigation advanced the concepts of
"Integrated Water Resources Management (IWRM)" as
a strategic tool to promote coordinated efforts towards the
development and management of water, land, environmental
resources and related issues in order to optimize water
use efficiencies and to maximize the resultant economic
and social welfare gains in an equitable manner, without
compromising the sustainability of vital ecosystems. This
medium- to long term strategy will enable meeting the
sustainable goals of water and sanitation services. That would
entail creating a capable environment of water resilience
and minimizing water vulnerability within a framework of
sound socio-economic and political atmosphere. IWRM also
incorporates a provision for institutional and regulatory
framework capable of enhancing human integrity with all its
economic, social and political challenge (MoWI, 2016e).

2.3. Sector Institutions: Roles and Responsibilities
The Ministry of Water and Irrigation is responsible for
the overall national leadership on policy, strategic direction
and planning, in coordination with the Water Authority and
the Jordan Valley Authority; the two sub-organizations of
the Ministry. Under By-law No. 14 of 2014 (MoWI, 2014),
the Ministry assumes full responsibility for water and public
sewage and all related projects in the Kingdom. The ministry
aims to: "Upgrade, develop and regulate the water sector and
enhance the quality of water services".
It has a mandate to:
• Develop sectors' policies and strategies
• Endorse plans and programs related to water resources and
their protection;
• Implement international agreements
• Develop laws, by-laws, regulations and normative and
technical standards
• Develop private sector partnerships;
• Supervise the implementation of strategic plans and
programs
• Follow up on the

2.4. National Interest
Jordan’s overall national interest in developing its water
resources is to achieve "sustainable water resources
development" which was defined by the World Commission
on Environment and Development (1987) as "the ability to
meet the needs of the here and now without compromising
the ability of future generations to meet their own needs".
Population growth and improving living standards put
additional pressures on the scarce water resources
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and negatively impacts their quality if not planned and
implemented with highest consideration to environmental
and socio-economic consequences.
The interest of nations in their water resources increases
the scarcer their water resources are and the value of water
increases with increasing poverty of a country on water
resources.
Jordan’s national interest in water resources originates from
a socio-economic and political arena which affects the whole
situation and existence of this water scarce country. With
the passage of time it has become a function of the country’s
security, stability and sustainability.
Therefore, the national interest in the water resources was
directly reflected in forming “the Royal Committee on Water”
in 2007 which was entrusted to develop a water strategy for
the country and which was developed in 2009 and is being
followed and updated continuously (Royal Committee on
Water, 2009). That strategy has been expressed in general
water policy principals which themselves have led to
developing a dynamic water strategy for the country with
different scenarios, action plans, programs and projects.
Jordan’s national interest in water resources is further
complicated because of the shared resources it has with
several neighbors in the context of regional instability and
conflict.
For Jordan, sustainable water resources development means:
A. A continuous supply of water to the population of Jordan
sufficient in quantity and safe in quality is guaranteed and to
supply the industrial and irrigation sectors with optimized
water needs. Water prices should reflect the real cost
including the capital and operational costs to compensate the
nation for consuming its assets on natural resources.
B. Protect the national water resources from degradation,
depletion, misuse and in all aspects, maximize their
productivity potentials and optimize their uses.
C. Rights of next generations in the water resources, especially
the non-renewable ones are guaranteed irrespective of the
present interests, water needs and utilization. This means
guaranteeing sustainability, security and safety of water
resources, their yield and the conservation of biodiversity.

The three above mentioned national interests incorporate
the social, economic, environmental and political elements.
All of which aim at one goal, namely development without
negatively impacting the natural system. Here it is worth
mentioning that protecting water resources and maintaining
their sustainability are complicated processes.
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2.5. Water Policy Principles
First, we have to keep in mind that water resources are
not evenly distributed in the country neither is population
distribution, so maintaining a balance between preserving
water resources and meeting the needs of population is a real
challenge in a water scarce resources country such as Jordan.
Second, with the increase of socio-economic developments,
the population becomes more differentiated in their socioeconomic stratification which could result in excessive use
of water by some groups in the society and therefore an
increasing demand for water which may result in undermining
the water resources of the country.
 he water policy principals of Jordan were developed by
T
the Ministry of Water and Irrigation (MoWI, 2016e) and are
illustrated and discussed in the following paragraph:
 ater policies consist of a set of broader outlines of principles
W
to be adopted to serve the national interests. In Jordan these
water policy principles can be summarized in the following:
A. The water resources of the country are a possession of the
nation. The government and the parliament are responsible
for their disposal to the different water use sectors and for
their quantitative and qualitative conservation in accordance
with the national interests.
B. Drinking water has a priority over all other water uses. Its
quality must at all times and in all places be within the set
standards.
C. All water resources of the country should be utilized to their
utmost potentials under strict consideration of sustainability
principles and preservation of biodiversity.
D. Differentiation between water use and water consumption
should accompany any allocation of water to the different
use sectors (water use means borrowing water and
returning it back to the environment, may be with different
characteristics. Water consumption is exhaustion of water
with irrelevant return flows).
E. All water uses should be optimized (demand management),
especially, water use in irrigation which should be exposed
to strict comprehensive economic feasibility of the water use
itself and of the national economy as a whole.
F. Any exploitation of non-renewable water resources
should be accompanied by national programs aiming at
compensating next generations' rights in these resources.
Such compensation can include investments to regenerate
the exhausted resources at any time in the future.
G. Wastewater should be considered as an integral part of the
water resources. It should be treated to cope with the quality
of the recipient water bodies or with the quality requirements
of the next use.
H. All water should be priced according to its capital and
operational cost in addition to the cost required to regenerate
it if any part of it is nonrenewable at the same rate of its
exhaustion. This requires the optimization of the water supply
to keep its cost as optimal as possible. So it is clear that the
overall water policy of the country was based on diversification
of optimal use of all water resources and trying to meet the
water needs of all users at an acceptable level of satisfaction.
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Security against Water Scarcity
As a water resources scarce country relative to the numbers
of its indigenous population, in addition to guest workers and
refugees, Jordan has gradually adapted a strategy aiming at
making utmost use of its water resources. The strategy has
been reflected in the following policies and programs:
Allocating to the different use sectors only the optimal water
amounts needed for:
A. Households to live in hygienic conditions.
B. Industry provided with the needed amounts after introducing
in plant recycling, and treatment and reuse of the wastewater
whenever and wherever possible.
C. Agriculture provided with amounts of water in accordance
with plant water requirements after introducing water
saving devices, advanced irrigation techniques such as drip
or sub-surface irrigation, technical training of farmers and
introduction of improved seeds, protected irrigation, such as
green houses and mulch covers.
D. Developing its surface and groundwater resources completely
to a stage that there is, for example, no surface water flow
of more than 5 MCM/yr where dams or weirs have not been
constructed.
E. Household waste waters are collected in sewerage systems
and adequately treated in wastewater treatment plants to
be reused after mixing with flood and base flow waters in
irrigation.
F. Industrial waste waters are treated within the industry's area
to be either recycled, reused or discharged to nearby wadis if
their qualities do not impair the Wadi's water quality.
G. Brackish water is being desalinated for use in drinking and
irrigation.
H. Purchasing water from Lake Tiberias (Israel) to supplement
the drinking water supply of the country.
I. Desalination.

3.1. Well Drilling Prohibition
Driven by depleting aquifers and deteriorating water qualities
the Ministry of Water and Irrigation (MoWI) approved in
the early nineties of the last century a by-law prohibiting
the drilling of new wells in most parts of the country, where
aquifers were afflicted by depletion and quality degradation.
The by-law exempted governmental municipal water supply,
universities, hospitals, industry and military camps from
this prohibition. In addition, repairs of existing wells were
allowed, but only with the same specifications of the well to
be substituted.
All drilling companies were officially informed about the
new by-law and about the fines introduced against those
who violate the by-laws (worth mentioning here is that
groundwater levels in Jordan generally lie tens to hundreds
of meters below ground surface and therefore manual
excavations are irrelevant). In spite of this restriction, illegal
use was still common in certain areas especially those who
have drilled the wells prior to the new policy.

3.2. Pricing Extracted Non-Agricultural Water
In 1998, a new tool for groundwater resources management
was applied. According to that, a new regulation was issued
putting a price for all the extracted groundwater used
for purposes, except irrigation, but including industrial,
commercial, universities, military, hospital and municipal uses.
On all wells producing water for the uses mentioned above,
water meters were installed and read on a regular basis.
The Ministry of Water and Irrigation was commissioned to
read the meters and collect the bills.

Dam

Capacity(MCM)

Use

110

Drinking and irrigation

Arab

20

Irrigation

Ziglab

4.3

Irrigation

Kufranja

8.0

Irrigation

King Talal

89

Irrigation

Shueib

2.3

Irrigation

Kafrain

7.5

Irrigation

Wala

16

Drinking

Mujib

32

Drinking

Tannour

16

Industry and irrigation

Zarqa Ma'in

UC

Drinking

Karak

UC

Irrigation

Ibn Hammad

UC

Irrigation and industry

Wahda or Unity

UC = under construction
Table 1-1 List of dams, their capacities and water use (Ministry of
Water and Irrigation -open files)
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3.3. Metering the Groundwater Amounts Abstracted
for Agricultural Uses

To guarantee its shares in the shared water resources as
an issue of water security of the country, Jordan reached with
its neighbors the following agreements and understandings:

In 1999 the MoWI took a decision to install water meters on all
the wells pumping water for agricultural uses. The first target
of this program was to measure the abstracted amounts from
each aquifer. The second came to remind farmers to abstract
only the amounts of water stated in their well drilling license.

The Unified Johnston Plan for sharing the Yarmouk and
Jordan Rivers water among Jordan, Syria, Lebanon and Israel
as agreed upon by the Arab League and Israel and guaranteed
by the United States. This agreement was substituted by
the peace treaty between Jordan and Israel in 1994 and
by another agreement with Syria in 1987 in the course of
negotiations to construct the Unity Dam on the Yarmouk River
in the border area of the two countries.

3.4. Pricing Extracted Water for Irrigational Uses
The Ministry of Water and Irrigation started a few years ago
to charge the groundwater extracted for agricultural uses for
amounts exceeding the requirements of family businesses.
It has also introduced a block type of tariffs, where charges
increase with the increasing amounts of extracted water.
Metering and pricing regulations are expected to result in
saving appreciable amounts of groundwater, alleviating
herewith over exploitation and salinization of aquifers.
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The peace treaty with Israel of 1994 (Peace treaty, 1994) has
defined Jordan and Israel shares in the remaining Yarmouk
River water which reaches the borders of the two countries
after coming out from the border line of Jordan and Syria.
The agreement guaranteed a defined amount of water to
Israel, herewith assuring that the rest of the water belongs to
Jordan alone.
Jordan and Israel averted water conflicts by signing
agreements to share the jointly owned water resources.
This has added to the security of both countries without one
country trying to take a larger amount of water than allocated
in the agreements, herewith allowing for smooth integrated
social and economic development.

Although, according to the 1987 agreement with Syria,
Jordan was allocated 200 MCM/yr of the Yarmouk River water,
Syria did not abide to that agreement. Jordan did its best
to guarantee its share in the Yarmouk River
water but Syria has violated all agreements
and until 2011 (Start of the uprising in Syria)
The problem
has developed whatever it can of the surface
and groundwater resources of the Yarmouk
sometimes arises
River basin. Therefore, there is still a dispute
during political
between the two countries and hence the
Yarmouk River basin water resources including
conflict or instability a part of the Unity dam water are, for Jordan,
still insecure and threatened by conflicts.
and in other cases

Security of Shared Water Resources

Jordan shares water with its neighbor
countries as follows:
• S
 urface and groundwater resources with
Syria in the north.
• Surface water with the Palestinian Authority
along the Jordan River from the Dead Sea to
about 40km north of it.
• Surface and groundwater resources with
Israel, from the Middle of the Jordan Valley
to Lake Tiberias and along the Yarmouk
River and along Wadi Araba from the Dead
Sea to the Gulf of Aqaba.
• Disi-Saq groundwater with Saudi-Arabia
along the southern borders of Jordan and
limited amounts in quantity and quality of
surface and groundwater along the border
of the two countries in east Jordan.
• Negligible amounts of surface and
groundwater along the border of the Jordan
and Saudi Arabia in northeast Jordan.

when countries
fail to fulfill their
obligation such as
the case with Syria.

As evident, much of the groundwater resources of Jordan
are shared with neighbors, which by itself is not a problem.
The problem sometimes arises during political conflict or
instability and in other cases when countries fail to fulfill their
obligation such as the case with Syria.
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Jordan and Syria also share the surface and
ground waters of the basalt aquifer in central
north Jordan and central south Syria. Here
there is still no agreement about sharing
these water resources. Syria is the up-stream
country to both the surface and groundwater
of the Basalt aquifer and it exploits both of
the irrespective of Jordan's share in them
and irrespective of environmental, social
and political consequences of that over
exploitation both on Syria and Jordan. In that concern, these
shared water resources are still very insecure to Jordan in
spite of all Jordan's efforts to reach a sharing agreement with
Syria.
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Security of Emergency by Guaranteeing
Strategic Reserves
Water resources in Jordan are threatened by a variety of
factors which can interrupt water supplies to the population
and for the different use sectors. Therefore, the Ministry
of Water and Irrigation has developed many emergency
measures for the case of supply interruptions, the most
important of them are discussed below:

5.1. Water Storage in Concrete Structures
Concrete reservoir structures have been built all over the
country to serve in supplying household water by gravity
flow instead of direct pumping to users. Such reservoirs
range in size from a few hundred of cubic meters to several
hundred thousand cubic meters e.g. Daboug Reservoir and
Abu Alanda reservoirs each with a storage volume of several
hundred thousand cubic meters. The water Authority tries as
much as possible to keep these reservoirs filled with water for
emergency cases. They also serve as reserves when the water
supplies are under maintenance or repair.
King Abdullah Canal with a total length of about 110km
and a length of 65km from its intake at the Yarmouk River
to the intake of the drinking water supply in Deir Alla can
accommodate about 2 or 1.5 MCM in dynamic storage. This
can also be considered as a storage reservoir in case of other
supplies interruptions for both drinking and irrigation water.
Dams were constructed all over the country to store water
mainly for drinking uses such as Mujib, Wala, Ibn Hammad,
Unity and Zarqa Ma'in (under construction). These dams store
flood and base flow water to serve as reserve to enhance the
security of water supply.
Other dams and countless water harvesting weirs have also
been built to store water for irrigation and industrial uses. In
the southern and eastern dry parts of the country weirs serve
in supplementary irrigation cattle watering and unintended
artificial groundwater recharge.
Some dams collect, in addition to flood and base flows,
treated wastewater which does not have immediate
application in irrigation. Storage in this case serves two
targets, namely, first: storing the treated effluents from time
of production to times of need and second mixing it with fresh
flood and base flow water to improve its quality.
All the above-mentioned structures store water from times
of availability to times of need but they are also considered
as emergency water structures to ensure the security of the
water supply for all use sectors such as drinking, irrigation,

industry tourism and animal husbandry.
In addition, Jordanians are obliged by law and necessity to
install concrete house hold water reservoirs or water tanks to
store amounts of water for at least one week uses. Building
codes dictate that each household or building should have
a water storage facility accommodating water for, at least,
one week use. This is an additional storage security measure,
although its main causes are water shortages and inability to
pump water continuously 24 hrs. a day 365 days a year.

5.2. Keeping Some Water in Dams
In order to secure water resources that are enough to satisfy
irrigation water needs for one cropping season and to supply
industrial needs for a few months certain amounts of water
are reserved in dams each year after the end of the dry season
and start of the rainy season. That is because it cannot be
predicted, in advance, when it will start raining and when
flood water will start reaching dam reservoirs. For example,
at the end of the dry season; end of September around 10
MCM are left in storage in Wahda dam, 10 MCM in King Talal
dam and in 7 MCM in Mujib dam for eventualities. This practice
secures some water for drinking, irrigation and industry if rain
does not start at the beginning of the rainy season. This is very
important policy for all water use sectors, but very vital for
the irrigation sector, because the planting time in the Jordan
Valley area starts, almost together, with the start of the rainy
season. If one waits for rain to irrigate it might come 5-6
weeks later after the planting time although that year might
be a rain rich year. Therefore, waiting for rain to irrigate means
loss of the production season.

5.3. Emergency Groundwater Wells
As a part of drinking water security, the Ministry of Water and
Irrigation has drilled wells, not for regular use but, which can
be operated in emergency cases. Such wells were drilled in all
groundwater basins all over the country. In addition, industrial
and irrigation wells producing drinking water qualities and
lying close to the drinking water supply network are marked by
the ministry as potential emergency supply wells.

5.4. C ountry-wide Interconnected Water Supply
System
Although Jordan does not have yet a national water carrier from
south to north and from east to west, Jordan's water supply
system is interconnected throughout the country. This means
that Jordan has the capability to transfer water through the
interconnected water supply system from south to north and
from west to east. Water pipelines can be operated either ways;
to pump to a certain area or from it according to needs.
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Security against Water Pollution
Water quality degradation is a major factor that can
jeopardize the water security in Jordan as a country with very
limited water resources, because water pollution can drive
the country into more severe domain of water scarcity and
water insecurity.
Being aware of the consequences of water quality
degradation and its implications to the continuity of water
supplies, health, agriculture, industry, social life, income of
people, employment and poverty the Ministry of Water and
Irrigation executed several programs and advances a number
of laws, by-laws and regulations to ensure the quality of water
in the country.

6.1 Waste Water Treatment and Reuse
6.1.1 Domestic Waste Water Treatment
In Jordan household’s wastewater in Jordan is being treated
in 33 wastewater treatment plants and the effluents reused,
after mixing with better quality flood and base flow water,
mainly in irrigation. Around 60% of Jordanian households are
served with sewerage systems and centralized waste water

Figure 1-1 Mujib Dam 95km south of Amman with a capacity of 32 MCM
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treatment. In addition, many smaller waste water treatment
plants were constructed to serve remote areas, universities,
army camps and small communities.
From a cultural perspective, there was a lot of opposition for
the re-use of treated water that mainly stemmed from lack of
knowledge and misperception about it. However, after long
awareness campaign and outreach by the government, there
is today wide acceptance for the policy related to wastewater
treatment and reuse in irrigation in Jordan.

Name

Name

Name

Abu Nusseir

Ma’an

Shallala

Akedar

Madaba

Shoubak

Aqaba Mechanical Mafraq

South Amman

Aqaba Natural

Fuheis/ Mahis

Tafila

Baqa’a

Jarash

Talibiya

Fuheis/ Mahis

Miyrad

Tal Mintah

Jarash

Mu’tah/ Mazar

Wadi Arab

Irbed

North Shuna

Wadi Hassan

Karak

Ramtha

Wadi Musa

Khirbet as Samra

Salt

Wadi Sir

Kufranja

Samra Mechanical

Za’atari

. Lajjun

Samra Natural

Table 1-2 Existing municipal wastewater treatment plants in Jordan

6.1.2 Industrial Waste Water Treatment
All industries in Jordan are obliged by law to treat their wastewater for reuse within the industrial plant premises or before it
is discharged to the environment or before it joins the inflows of
domestic wastewater treatment plants. That is only done when
the industrial plant treatment produces effluents which can
further be treated in a domestic wastewater treatment plant.

6.1.3 Management and Environmental Cost
The management efficiency of water pollution is measured by
its performance. Sound management is achieved when water
resources use is efficient and do not lead to environmental
degradation. When water resources are misused or in cases
of water pollution, overexploitation, ignoring sustainability
principles and next generations’ rights reflect inadequate
water resources management and will have negative
implication on the water resources themselves. Therefore,
it should never be accepted that social, economic or any
other type of development is used as a justification to deplete
the water resources in quantitative or qualitative aspects.
Otherwise, that will turn the development itself into a vicious
circle, where degradation of water resources as an essential
element of the environment and development negatively
impact the development itself. And hence, development
should take into account the water resources issues as serious
as possible to avoid depletion and degradation of resources.
Pollution and unsustainability of water supplies might lead to
health, social, environmental and economic detriments and
hence to political unrest. That has led the Ministry of Water
and Irrigation to appropriately manage the water resources

Figure 1-2 Salt City wastewater treatment plant in the middle reaches
of Wadi Shueib northwest of Amman City

by incorporating the management of these resources’
environmental aspects sound social and economic analyses.
Therefore, developmental projects resulting in water resources
degradation must according to the Water Laws mentioned
in the “Legal framework: incorporate the mechanisms and
economic instruments to rehabilitate that degradation.
Accordingly, this implies that any water developmental project
should serve societal objectives and should be beneficial to
the country. Hence the Ministry of Water and Irrigation and
the Ministry of Environment laws and by-laws forces all water
developmental plans such as water resources to be subjected
to environmental feasibility.

Figure 1-3 Wadi Sir Wastewater treatment plant in the lower reaches of Wadi Kafrain west of Amman City
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Security of Infrastructure against Sabotage
and Damage
7.1 Emergency Control Center
Due to the recent developments in the Middle East region
and the arising of radical groups, the security of water
resources and water systems has become mandatory in
Jordan to protect water sources from attack and sabotage.
This fact lead the Ministry of Water and Irrigation mainly
its sub-organization the Water Authority, to initiate the
establishment of a center for protection to monitor and
control water resources, reservoirs, stations, dams and
all major facilities through the installation of surveillance
cameras and appointment and training of specialized staff
with qualification and experience to manage the monitoring
and control systems (MoWI, 2016e).
The Center is linked to the various security agencies, such
as the Command and Control Center in the General Security
Directorate, to ensure integration and cooperation of duties
and tasks.
Training of personnel was strengthened in coordination and
cooperation of the Directorate of Workshops and Maintenance
and has raised the sense of security of both the employees of
the Center and of the Directorate.
A code of security system has been developed and is being
applied to existing water system, to future water systems and
those under construction.
In addition, the diversification of water resources used for
municipal water supply assists somehow in the continuity
of supply in case of damage and sabotage. As an example
Amman City obtains its drinking water from the following
sources: Disi which lies at about 300km south of Amman and
supplies around 100 MCM/yr, Wala which lies at about 75km
south of Amman and supplies around 45 MCM/yr, Mujib- Zarqa
Ma’in which lies southwest of Amman at about 110km and
supplies around 45 MCM/yr, Deir Alla which lies at about 45km
northwest of Amman and supplies 60- 80 MCM/yr, Azraq
which lies at around 100km east of Amman and supplies
around 20 MCM/yr in addition to local sources in and around
the city of Amman. This diversification of sources and areas,
although not planned, forms a water security issue in case of
damage to one or more of the supply projects, allowing for the
continuation of supply from the other sources and herewith
a certain water security against damage and sabotage.
The issue of water infrastructure security will be dealt with in
details in another paper in this same series by Dr. Abdallat and
Dr. Al-Zareer.
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Security of Locally Produced Food
Water availability is the limiting factor of irrigated agriculture
in Jordan. The other factors such as land, agriculture laborers,
knowhow etc. are quite available. The presently allocated
water amounts for irrigation are not expected to substantially
increase in the case of Jordan except depending on the
increases in the amounts of adequately treated wastewaters
that can used after mixing in irrigation.
Food production under the prevailing climatic conditions
in Jordan for one person requires around 1000m3 per year
(Salameh 2001 Water poverty index). The water resources of
the country can satisfy only about 17% of its water needs to
be self-sufficient in food production (Teimeh, 2016; El-Naser,
2009).
Jordan from within its territory is self-sufficient in vegetable
production and almost self-sufficient in fruit production. But
the country cannot produce enough cereals and meet for
its inhabitants and produces part of them depending on the
amount of rain it receives in a year. None the less additional
water for irrigation means higher food security, higher
employment rates and hence poverty alleviation and stronger
societal security.
To achieve a higher food security position and due to the
country’s limited water resources and in order to keep pace
with the increasing population Jordan undertook the following
strategic measures to continue producing high amounts of
agricultural produce:
Improving water use efficiency in the agricultural sector by
introducing:
A. Advanced irrigation systems such as drip irrigation instead of
furrow irrigation, mulch covers of irrigated land and protected
irrigation (green house). Knowing that drip irrigation requires
only about 50% of the water used in furrow irrigation for
the same quantity of produce (Teimeh, 2016).
• Genetically improved plant seeds.
• Water use in irrigation according to the concepts of plant
water requirement.
• Advanced irrigation devices and techniques.
• Training of farm workers.
B. Adequate treatment of municipal wastewaters (Secondary
treatment), mixing with flood and base flow water and use in
irrigation.
C. Desalination of brackish water for use in irrigation.
D. Building farmers associations: The Ministry of Water and
Irrigation / Jordan Valley Authority together with the Farmers
in the Jordan Valley area has established Water Users
Associations (WUA) and included farmers in the decisionmaking processes, future plans, water budget, and coming
programs and projects, as it was thought is necessary to

establish principles of participation, transparency, fairness,
and teamwork. By now WUAs cover around 80% of the
irrigated area in the Jordan Valley and it is planned to cover
with WUAs the whole irrigated area in the Jordan Valley within
the coming years. These WUAs have much helped in the fair
distribution of the water resources which the Ministry put
under their disposal for irrigation among themselves and
have released the Ministry of the pressures to when droughts
and climatic changes hit the country.
E. A strategic intervention for food security as a result of
water scarcity has been implemented through policies for
importing, storing and distributing cereals to satisfy
the needs of the country for a time period of up to one year.

The implementation of the above strategic measures allowed
for higher water use efficiency and more food production per
unit of used water which assisted in fostering food production
security and created confidence between farmers (Farmers
associations) and the government. Higher efficiencies in food
production and optimization of water use are still expected
once the increasing efficiency strategic measures are fully
implemented.
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Security against Climate Change
Little can be done in Jordan to change the trend of climate
change, but some programs can be developed to alleviate the
implications of such changes on the water security of
the country. Therefore, some pro-active measures have been
implemented and are being implemented to alleviate
the climate change impacts:
A. Advanced water saving techniques have been introduces to
the irrigation sector to allow using less water for producing
the same quantity of agricultural produce such as: drip
irrigation, protected irrigation (irrigation in green houses),
mulch irrigation, improved seeds, use of water according
to plant water requirements and training of farmers. In
addition, meetings of water users’ associations or farmers’
associations served as venues for experience exchange where
farmers learned from each other experience and from those
of experts in the ministries. All the above measures have led
to water savings and increasing production of a better-quality
agricultural produce.
B. Carrying out of studies to store water in underground aquifers
instead of surface storage in dams, weirs and pools in order to
minimize evaporation and to make more water available for
irrigation.
C. Water reuse: Municipal as well as industrial wastewater
are adequately treated in secondary treatment plants and
mixed with flood and base flow water in order to be reused in
irrigation. This is a secondary source of water in Jordan finding
safe use in irrigation which is alleviating pressures on the fresh
water resources of the country and allowing for other uses of
the saved fresh water and combating climate change.
D. Desalination of brackish water for irrigational uses; Brackish
water, especially in the Jordan Valley area has since about 15
years been desalinated for use in irrigation. This has resulted
in decreasing demands for irrigation water and allowed
the fresh water used before for irrigation to be used for
higher-water quality requiring water uses such as municipal
use or saving some fresh water sources which are expected to
decrease due to climate changes.
E. Water harvesting: Flood flow waters especially in the dry
eastern and southern parts of the country continue only for
a few hours after which they reach saline flat and shallow
playas (Qa’as) and to become salinized or to collect in shallow
depressions and evaporate in the following days or weeks.
This temporarily collected water has historically been used for
cattle watering and very restricted supplementary irrigation.
To make a better use of such water and as a measure to
alleviate climate change the Ministry in cooperation with
the armed forces have started two decades ago to build
desert weirs and relatively deep excavations (A few meters in
depth) to store such flood waters and minimize evaporation
for the benefits of shepherd, nomads and local irrigation
projects avoiding herewith some of the impacts of climate
changes on Bedouins and their livelihood.
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F. Establishment of the Emergency Control Center and
a Risk Management Department in the Ministry of Water and
Irrigation in order to combat climate changes and droughts.
G. Planning for sea water desalination as a security measure to
guarantee continuity of water supply.
H. Most of the previous measures are important to mitigate
the negative impact of climate change and should be
enhanced. But sea water desalination remains the only
strategic choice that will help the country not only to offset
the impact of climate change on the country but also to help
in solving the water scarcity issue. Certainly, this is a costly
solution but it must become the short-term strategic option.

The above-mentioned measures to alleviate climate changes
are considered transformational proactive measures.
Adaptation measures are expected to take place with time.
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Media and Awareness Administration

Activities to increase the awareness of society about
water security are conducted through different programs
addressing the population through the media and press
coverage of the most important events and activities carried
out by the Ministry of Water and Irrigation to provide citizens
with the necessary information. Such media campaigns are
conducted in relation to attacks on water resources and
communicating water awareness appeals through various
media outlets to all segments of Jordanian society, especially
in light of difficult water situation. Also, programs related to
these awareness campaigns target schools, universities and
community colleges students and distribute water saving
devices to schools, ministries and other buildings aiming at
optimizing the use of water in addition to the information
about the water situation of the country, climatic change and
threats facing the water system.
Although these awareness campaigns are important,
the future the situation might require more targeted
awareness programs as well as trying to integrate these issues
in the educational system in permanent bases.
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Unsettled Security Issues
Although many strategic and policy issues and proactive
measures were undertaken in Jordan to alleviate the
implications of water scarcity some issues have not yet been
adequately addressed:
•
•
•
•
•
•
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Shared water with Syria
Over-exploitation of aquifers
Climate change; not adequately
Future municipal water supply
Next generations sustainable water supplies
Sea water desalination
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the water quality. In addition, a rigorous program for the
protection of all the water supply components is now in place,
especially as a policy issue after the threats of radical groups
in Jordan and its surrounding countries, which are suffering of
sabotage, civil wars and social and political unrest.

Conclusion
Fresh water is a basic need for humans and all terrestrial
fauna and flora which cannot be substituted by any other
substance. Drinking water from a human point of view of
survival more important than food and in many countries is
considered to be food stuff number 1. In addition,
the development of irrigated agriculture and industry is also
dependent on the availability of fresh water suitable quality.
Fresh water supplies for household uses, irrigation and
industry have to be sufficient in quantity, suitable in quality
and continuous. Therefore, security of water sources, their
qualities and supply networks have to be guaranteed in all
cases and all the time. Otherwise the population will suffer,
the health of its members will deteriorate, their agricultural
and industrial productivity will discontinue and may even
cease.

The above summarized policies, strategies and programs
have led to secure water supplies, secure food and industrial
production and to some extent alleviation of climate change
impacts.
Although Jordan has implemented a rigorous program to
achieve water security there are still some issues not yet
completely settled such as: Overexploitation of aquifers and
next generations’ rights in them, some transboundary water
bodies and climate change impacts.
It is hoped that Jordan will soon be tackling these issues in
order to satisfactorily secure its water sector against natural
and man-made threats.

In countries with limited water resources, such as Jordan,
supplying water in adequate quantity and quality and in time
is a tough enterprise. It is the management and of scarcity and
its security.
In Jordan water security is at the highest consideration in the
country's governance with the level of interest reaching
the leadership of the country. Therefore, effectively, no
window of opportunity was left without advancing policies,
strategies, laws and by-laws and action plans to guarantee
the security of the water sector.
Security against water scarcity has been reflected in
developing all water resources of the country to their utmost,
guaranteeing the state owner ship of all water resources of
the country and extraction
and their extraction and
use must be licensed by the
Therefore,
government. Agreements on
effectively,
transboundary water bodies
have been achieved Water
no window of
resources for emergencies
opportunity was left have been secured by
surface water storage,
without advancing country-wide interconnected
supply networks
policies, strategies, water
and drilling and equipping
emergency groundwater
laws and by-laws
wells.

and action plans
to guarantee the
security of the
water sector.

Waste water is being treated
and reused, surface and
groundwater protection
measures undertaken
and their protection
zones defined to conserve
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Abstract
Due to regional instability in the Middle East (Syrian and Iraqi wars), which were connected to many threats and damage to
the critical water infrastructures and resources in Jordan by individuals and/or terrorist groups (such as the Islamic State (Daash)).
In order to secure public health and the environment, an advancing and intensified strategy for protecting water infrastructures
has been launched through the “Water Infrastructures Security Department” at the Jordanian Ministry of Water and Irrigation.
This paper provides explanation for the National Legislative efforts to protect water infrastructures in Jordan, where intensive
monitoring has been started, covering the top priority of water resources and facilities, especially those situated at the Jordanian
- Syrian - Iraqi borders. The measures are designed to protect water facilities of all types from individual or collective acts of
sabotage, such as pollution, damage, violence and explosions. For that purpose the established Water Infrastructures Security
Department in the Ministry of Water and Irrigation, its workings and corporations is explained with several case studies of
sabotage, damage and terrorist attacks.

Keywords
Water infrastructures security, governing legislation, infrastructure security department, sabotage, terrorist attack
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Sources from Becoming Tools of War” in 2015 (MWI, open
files).

Introduction
The kingdom of Jordan, as a semi-arid country, has at its
disposal the lowest fresh water availability among the most
water stressed countries in the world. Jordan is bordered
by Syria, Iraq, Saudi Arabia, Israel and Palestine, therefore,
security of water resources is highly depended on stability
and peace with and in the surrounding countries. Hereby,
water stress threatens the re-establishments of military
conflicts in the Middle East (Kliot, 2005).
With incrementing radicalism in the Middle East which has
started threatening water infrastructures exposing herewith
population health by pollution and their well-being by cutting
water supplies, the country found itself forced to undertake
rapid steps to counteract the radical groups
and individuals and their potential to the water
supply system.
The National Legislative Framework for
Protecting Water Infrastructures (Article No
30, Law 18, 1988 and updated in 2014 (MWI,
1988; 2014), authorial several governmental
agencies and including the Ministry of Water
and Irrigation (MWI) to implement that law.
This act is designed to protect water
infrastructures against damage, sabotage and
terrorist attacks.

Overall, the reports focused on water security challenges
and human security issues. Food insecurity, agricultural loss,
migration and demographic shifts are all closely linked with
water security.

Saving fresh
water resources
in the country has
become the most
critical health,
economic and
security challenge.

Moreover, an advanced strategy for protecting
water infrastructure has been launched by the
Water Infrastructures Security Department
(WISD) of the MWI. This security action started
in the middle of 2013, in parallel with the Syrian war when
many sabotage and damage cases to water reservoirs and
resources happened. Up to that, intensive monitoring system
started covering the critical water resources and facilities,
especially, those at the Jordanian - Syrian - Iraqi borders,
which are considered of top priority. This action is a part of
an ongoing effort to monitor the country’s strategic water
resources in order to detect and protect malfunctions and
violations. Included in the security measures are refugee
camps of all types (Palestinian camps in 1948 and continuing
with the Syrian refugees), especially refugee camps close to
the borders.
Different international agencies have contributed in
developing the security of water resources against damage,
sabotage and several water crises in Jordan. For instance
the USAID agency, reported the responding to the water crisis
in Jordan (USAID, 2007).
Additionally, Jordan supported the security of water
infrastructure actions by hosting the International Conference
“Water Cooperation and Propose Solutions to Prevent Water
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As reported by Rossetti (2015) this conference enriched by
the Strategic Foresight Group report, focused on professional
water management, the impacts of water insecurity in the
region and how to resolve them. Two reports, “Water and
Violence: Crisis of Survival in the Middle East” and “The
Hydro-Insecure: Crisis of Survival in the Middle East illustrated
the challenges in water security and how it affects the
Middle East” (SFG, 2014a; 2014b). Therefore, water insecurity
serves to make internal and external conflicts in the region.
Highlighting the ongoing conflict with the Islamic State (IS) in
Syria, this has affected the majority of water sources there.

In addition, the American Security Project
(ASP) stated that the security of water is highly
connected with peace and security issues in
the Middle East, since water infrastructure
is easy to contaminate or disrupt (Rossetti,
2015). Moreover, the United States Intelligence
Community Assessment (US ICA) expected that
water would become a target of terrorism in
the area (US ICA, 2012).
Thus, the Jordanian Intelligence Department
(JID), MWI and other agencies had been
connected to a national focal point for
gathering information on threats to
the infrastructures and are coordinating
the Jordanian government's response to
incidents.

The critical water situation of Jordan has been caused by
increasing population growth rate and waves of refugees,
conflict and high potential for terrorism, increasing industrial
and agricultural demands, aridity, drought and climate
change. Therefore, saving fresh water resources in the country
has become the most critical health, economic and security
challenge. Jordan`s water infrastructure systems include
mainly surface and groundwater sources, mainly dependent
on large variety of water resources: rivers, dams, springs,
watershed boundaries, canals, pipes for transporting water,
wastewater treatment plants, and aquifers.

1.1. Research Theories: Why Targeting Water?
A. Water presents a scarce and highly vulnerable source in
Jordan
B. Due to its scarcity, it is socially very sensitive, interruption or
pollution will have strong political implications
C. Water can be used as a tool to put pressure on the Kingdom of
Jordan to draw from international fights against terrorism
D. Putting economic pressure on the government of Jordan,
which is already under heavy economic burdens
E. Lessing the confidence of the population and its security
organizations

Furthermore, this law is applied by several government
agencies for instance: the Public Security Department (PSD),
Armed Forces (AF), JID and WISD staff for all water sources and
wastewater facilities protection. Where, all these agencies
work on information concerning the risk of terrorist attacks
on the water sector and the tools for minimizing those risks
and responding to attacks with emergency plan.
The authority`s officials nominated by the Minister or
the Secretary General, as the case may be, shall have
the authority of judicial police in relation to the restraint
of any of the crimes that are committed in violation of the
provisions of this Law.

1.2. T he National Legislative Framework for
Protecting Water Infrastructures
Jordan's water infrastructure systems are protected by the
Water Authority of Jordan Law (Law 18, Article 30) (MWI, 1988;
2014), as a response to increasing terrorist attacks of different
types, for instance:
•
•
•
•

the commission of such acts within the period specified by
the court. If he/she fails to do so, the Authority shall have
the right to carry out the necessary works and repairs and
charge the convicted person with the total cost plus 50
percent.

Physical disruption,
Bioterrorism and/or
chemical contamination, and
Cyber-attack and manipulations.

The national legislative highlights essential steps towards
security priorities, security success and emergency response
programs within the water sector.
Due to this law “Any one shall be sentenced to no less than six
months, and no more than two years imprisonment or to
a fine no less than 1000 JD (approximately 1400 $) and
no more than 5000 JD (approximately 7000 $), or both
punishments” if he has committed any of the following acts:
A. According to established plans and strategic priorities any
sabotage in operating and maintaining public infrastructures:
“Caused damage to any of the Authority projects, or ruined
or destroyed any water resources or the Authority’s public
sewers or acted in any way which may cause the damage or
destruction of construction, equipment, vehicles or materials
related to the Authority or any of its projects or public
sewers”.
B. Regulating water quality in water pipes, water bodies and
aquifers (including enforcement): “Polluted any water
resource, which is under the management or supervision of
the Authority directly or indirectly, or caused its pollution and
failed to remove the causes thereof within the period fixed by
the Authority”. Regulating water quality in waterways, water
bodies, and aquifers.

The Secretary General may issue a decision to remove by
administrative means the violations and contraventions that
are inflicted on the property, water and projects that fall
within the Water Authority’s jurisdiction, and may, if the need
arises, seek the assistance of members of the security forces
for this purpose. He/she shall also have the right, through the
competent court which considers the cases that contravene
this Law as expedite cases, to go back on the contravener
to reimburse the Authority for the expenses incurred to
repair the damage and to restore the situation to its previous
condition.
The officials of the Ministry and the Water Authority that are
nominated by the Minister or the Secretary General,
as the case may be, shall have the right to follow up
the criminal cases before the competent courts, to obtain
authenticated copies of the courts decisions relating thereto,
and to follow up their implementation (MWI, 2014).
On the other hand, transboundary surface and groundwater
with Israel is protected by the Peace Treaty that it was signed
between Israel and Jordan in 1994 (MWI, open files).

If man is found guilty of committing any of the deeds defined
in paragraphs (a) and (b), the court shall convict the person
and make him/her pay the total of the damages caused by
his/her violation and compel him/her to eliminate the damage
caused and restore the conditions as they existed before
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Water Infrastructures Security Department
(WISD)
This security department was established at the MWI in
Amman to safeguard the water infrastructure from violations
threatens and sabotage. The majority of country’s water
resources and facilities, including water supply pipe, dams,
wells, pumping stations, reservoirs and wastewater treatment
plants are connected via sophisticated cameras (high
resolution) and control systems at the WISD. The staff and
employees at the WISD use live monitor screens and remotely
control the operations of the water resources, (Figure 2-1).
When any suspicious movement is noticed they contact
the security authorities.
In addition, the (WISD) is staffed with personnel from across
a broad spectrum of different agencies for water
infrastructure protection. Furthermore, the center is
connected to the National Centre for Security, Crisis
Management Department and the Public Security
Department to provide technical data around the clock,
24 hours a day.
Water reservoirs in towns and cities are supplied with
centrally controlled observation cameras. Vulnerable
portion of remote water supply networks were also provided
by centrally controlled electronic systems. Surface water
conveyer systems are controlled by water quality devices,
which measure sudden quality changes of parameters and
pollution.
This monitoring center uses screens to monitor the strategic
water locations categorized according to the National Policies
Council’s standards for water resources, using an early warning
system. WSID started installing a comprehensive technical
and security surveillance system for different vital water
reservoirs and source for instance on the King Abdullah Canal
along 110km (KAC), Disi pipe for conveying water along 320km

Figure 2-1 Monitoring the water infrastructure for violations
threats and sabotage via cameras
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and main dams in the country. Moreover, the water quality
and quantity are monitored from any detected pollution and
technical error through center`s systems, (Figure 2-2).
In case of sabotage plans, special police groups are mobilized
daily to control the main water infrastructure.

2.1. Supervisory Control and Data Acquisition
For protecting water and wastewater infrastructure,
Supervisory Control and Data Acquisition (SCADA) systems
have traditionally used combinations of radio and direct wired
connections (Panguluri et al., 2011). The remote monitoring
function of SCADA system is often referred to as telemetry.
Panguluri et al. (2004) reported that a SCADA water system
normally consists of:
• H
 uman - machine interface that the operator monitors and
controls the process.
• Computer system that is connecting and gathering data on
the process and sending commands (control) to the process.
• Remote monitoring units connecting to sensors in
the process, and sending digital data to the supervisory
system.
• Programmable logic controller (PLC), which are more
economical, versatile, flexible, and configurable.
• Communication infrastructure that connects
the supervisory system to several process and analytical
instrumentation.

Data acquisition begins at the PLC unit, which includes
meter readings and equipment status reports that are
communicated to SCADA systems as required. Data is then
compiled and formatted in such a way that a control room
operator can make supervisory decisions to adjust PLC
controls.
Physical and human operator controls the process through
the first stage then linked to the SCADA system’s databases
and software programs to provide trending, diagnostic

Figure 2-2 Surface water monitoring system with water quantity
and quality devices at the Center

data, and management information such
as scheduled maintenance procedures,
logistics information, detailed schematics for
a particular sensor or machine, and expert
system troubleshooting guides, (Figure
2-3). An important part of most SCADA
implementations is alarm processing, for
instance determining when alarms should
be activated. Once an alarm event has been
detected, one or more actions are taken such
as the hotline telephone, or e-mails or text
messages to inform management or remote
SCADA operators.
However, SCADA system is connected to
network and accessible from the Internet,
therefore, the system is potentially vulnerable
to remote attack. Therefore, this security
system should be secured from cyber-attacks.

2.2. Information Sharing and
Coordination Efforts

2.3. Threat Notification

However, SCADA In Jordan, the water sector is at a heightened
system is connected alert, which has additional security of physical
facilities and regular checks of gates, locks and
to network and
fencing.
accessible from
All water facilities have security patrols on
sites and are directly connected with WSID via
the Internet,
hotline telephone for emergency action and
therefore, the
response. Emergency plans normally depend
threat magnitude and its direct impacts
system is potentially on
in affected areas such as damage the water
supply or contamination of water bodies (MWI,
vulnerable to
open files). Therefore, providing public notice
remote attack.
with an emergency plan and action is one of
the direct responsibilities of WSID in case of
Therefore, this
threat.
security system
should be secured
from cyber-attacks. 2.4. Threats Action and Response

Several agencies work with WSID and they have established
an Information Focal Point, representing the critical
water infrastructures (vulnerable water sources). Since
the start of the war in Syria, many threats, damaging and
sabotaging to water infrastructures have been detected and
resolved, mitigated or prevented as a result of enhanced
communication systems and analysis. Additionally, the
monitoring system as stated above is directly connected with
the police departments and military that are at services 24
hours a day.
WSID actively exchanges information with various
governmental agencies and private sector companies
which focus on the national security. Thus, WSID can
safeguard their infrastructures through warning
messages such as indications, analysis and possibility of
information exchange.

WSID has the authority to face threats through
its operational and practical actions,
warnings and advisories, technical feasibility
to resolve from individual or and terrorist attacks (MWI, open
files). Thus, a number of emergency plans and initiatives were
developed with many agencies to mitigate the terrorist or
individual threat as a fast response to the predicted events.
WSID has a hotline telephone in case any person has noticed
unusual action to water and wastewater facility threat. Upon
notice, threat assessment has to be carried out remotely and
by facility security personnel. Upon assessment of the threat
as credible, WSID can make appropriate notifications to other
agencies to address
the threat magnitude.
Afterwards, intensive and enhanced physical security
covers the target water source to expand the monitoring
and controlling in order to reduce the risk. Such as threats
to the water quality and quantity become subjected to
an emergency plan that will be conducted to secure the
environment and citizen health. For instance, WSID can
suggest an alternative water supply source instead of an
attacked one.
It is important for the security center to classify all water
infrastructures and systems according to their location,
importance, capacities and topography as a database.
This step supports the protection of vital infrastructures
against any threat action.

Figure 2-3 Applied SCADA system on all cities and villages in Jordan
through WSID
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Type of Threats and Case Studies
The WSID shows a robust threat assessment process
(notification and appropriate response) with specialized
technical experts and researchers in order to assess the level
of threats and its affects. Local water reservoirs and facilities
security has been maintained in the critical points such as
canals, pumping facilities, storage facilities, and the network
of water mains and subsidiary pipes.
Different types of attacks in the water sector have been
uncovered, prevented and reported in Jordan, such as
damages to water infrastructures, chemical and biological
contamination of water supplies or toxin and
cyber-manipulation.

3.1. Damaging and Violating Water Infrastructures
Damaging and sabotage of water facilities and infrastructures
are considered as issues in Jordan, which greatly affect
the population in a direct way. The majority of households
receive water through the water supply once a week for
36 hrs. WSID and MWI took different actions to prevent any
intended or by mistake accidents by using fencing, signs,
cameras and helicopters for the control of long pipeline
extensions. In addition, MWI increased the public awareness
through media (newspaper, television and social media)
about damaging water facilities and infrastructures and
their punishments by law. The population has become quite
aware and generally without being asked to or appointed to
control water facilities, they do it and report to the police and
movements indicating any evil actions or intentions.
However, many damaging actions for water pipeline and
sabotage on water infrastructures were highlighted in Salt,
Karak and Ma’an (MWI, open files). Namrouqa (2016) reported
damaging the main water pipeline in Muaddi Village
in the central Jordan Valley by a contractor`s bulldozer.
The damaged pipeline was counted as the fourth incident
within 10 days. The main pipeline (six inch) carries water from
Muaddi pumping station and distributes it to houses in the
village. Technical teams worked for whole day to fix the main
pipeline to rerun the water distribution program in the area.
According to the Water Authority Law No. 22 for the year 2014
against violating contractors, the contractor paid the cost of
the damaged pipeline and of all the wasted water (Namrouqa,
2016).
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3.2. Chemical Contamination
Chemical attack on drinking water supplies is not an easy
operation in Jordan, because all water supply stations are
highly protected with security personnel, cameras, fences
and wires. A hazardous chemical attack on a drinking water
facility is difficult to carry out without site accessibility and
knowledge of the facility details and components. In fact,
the amount of accessible to public hazardous chemical
needed to contaminate the drinking water storage of any
Jordanian city would require an enormous dose (MWI, open
files). Furthermore, there are procedures to control the
water quality in each water supply facility, including water
treatment, filtration and monitoring before entering the
distribution pipelines.
In addition, monitoring water quality via sensors at
the security department enables to detect any chemicals
contamination directly. A reported case study in small
drinking water supply reservoir of 1000m3 capacity, which was
contaminated chemically (pesticide agents) by an individual
(MWI, open files). That person was immediately arrested in
order to be delivered to the state security court where the case
was dealt with in accordance with the water security laws by
laws. WSID responded to this action by removing the 1000m3
of water and cleaning the reservoir within one day in order to
ensure good water quality that complies with the Jordanian
standards. In this case no one was harmed by the pesticides
because the poisoned water was not delivered to the water
users.
Another case study reported by Al-Zareer that the Jordanian
agencies trapped terrorists and extremisms group who are
planning to explode main water pipelines of different military
sites.

3.3. Biological Contamination
This kind of attack or contamination is considered as harmful
and serious threats (high risk) that are highly protected and
cause illness or death of citizens. However, water reservoir
contaminated with biological agents is very difficult to be
brought about. In case of bacterial contamination if would not
be risky due to applied treatment process such as filtration
and disinfection of the water. Where bacteria are inactivated
by the chlorination step at water treatment station. In case of
parasites or viruses, the risk becomes harmful because they
are not removed by chlorination process.
An investigated case study of terrorist attacks in 1996
targeted several huge water supply reservoirs in Amman (the
capital), which delivered to the huge number of water users,
around two millions of population in that time. This radical
group used different chemical and biological agents in their
attack. However, the governmental agencies defeated this
attack and terrorists were immediately arrested and delivered
to the state security court where the case was dealt with in
accordance with the national water security law.

Another contamination case study in several districts for high
ranking officials in Amman, water is a target of terrorists to
threat the national security. Different attacks were prevented
by police in the diplomatic and officials districts.

3.4. Cyber Attack
Digital controls for pumps and treatment facilities are
applied in all water facilities and infrastructures, using
SCADA systems. However, there are vulnerabilities in the
SCADA system that water system operators are connected
and accessible to the Internet. Thus, water systems could be
manipulated or attacked by hackers, viruses and programs,
which could severely disrupt the operation of these systems.
On the other hand, WSID`s SCADA systems are secured by
technical experts and other security agencies and most of
the systems enable to run the water systems without using
digital systems.
Up to date, no cyber manipulation or attack is recorded.
In case of this kind of attack there are different emergency
plans to apply.

04

Critical Secured Water Resources

In Jordan, 500 water resources are secured by WSID
technologies and staff, including dams, drinking water
reservoirs, water pipelines, wastewater networks and
treatment facilities. (Figure 2-4)

4.1. King Abdullah Canal
King Abdullah Canal (KAC) extends from the Yarmouk River at
the border line of Jordan, Syria and Israel. Figure 2-5 shows
the map of KAC location. In Syria different fighting groups
control the northern side of the Yarmouk River, which supplies
KAC with water that is used both for drinking and irrigation
uses. Hence, this is considered as one of the most endangered
drinking water supply systems world-wide.
Along KAC from its intake at the Yarmouk River to Deir Alla;
the pumping station of drinking water (a distance of 65km)
control cameras and tele stations for monitoring chemical
parameters has been installed and operated to control
the whole length of that Canal.
In addition, security portals drive along the canal and control
it along its length. Also, the canal has been fenced on to
the sides to a height of 160cm, as depicted in Figure 2-6.
The population residing along the canal was instructed to report
any suspected action they observe. Knowing that more than
90% of Jordan`s population aged more than 15 years possesses
mobile telephones, enhancing reporting to security departments
with free and simple emergency numbers (111, 911 and 199).

Figure 2-4 Major water resources (surface water (S.W) and
groundwater (G.W)) in Jordan (modified after Water Resources in
Jordan, MWI, open files)
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4.2. Routes and Burial of Main Pipelines
As a major security issues against sabotage and terrorism
water pipelines are constructed below ground 1 – 3m and
covered by sand to increase their mechanical elasticity.
Ditches are then compressed and after short times of
construction they can no more be recognized at ground
surface as pipeline routes. For better security against
sabotage and attack such pipelines are laid down as close
as possible to main highways and roads much frequented by
traffic and control teams. As examples the water pipelines
(Table 2-1): Azraq – Amman, Disi – Amman, Wala – Amman,
Mujib Zarqa Main Amman and Deir Alla – Amman all lie, along
most of their routes, close to highways or main roads.
For instance, a few years ago, Disi water pipelines started
conveying approximately 100 MCM of water from the Disi
aquifer into Amman around 325km (MWI, open files). These
pipelines have high potential of sabotage and damage due to
its long route; therefore, they were constructed below ground
and covered by sand, (Figure 2-7). Moreover, WSID brought
two helicopters for Disi – Amman pipelines security and
monitoring 24 hours a day (MWI, open files).

Water
source

Figure 2-5 The KAC location and extension (modified after Alkhoury
et al., 2010)

Distance to
Amman [km]

Pumping
head [m]

Water quantity
[MCM/yr]

Disi

320

100

100

Azraq

110

650

20

Wala

55

250

22

Mujib-ZarqaMa’in

90

1500

45

Deir Alla (KAC)

55

1400

60

Table 2-1 Water supply of Amman from far resources, their
distances, quantities and pumping heads (Salameh et al., 2018)

Figure 2-6 The KAC with security systems (Fences and cameras)
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In addition, wadis cross both political and tribal borders
and fronts creating highly complicated system of tribal,
political and hydrologic system. In order to avoid tribal
conflicts and mutual sabotage and terror actions shepherds
have been allowed to water their chattels across borders
and tribal fronts according to tribal laws prevailing during
pre-state times, when the only recognized laws were those
of tribes. This political and tribal front trafficking allowance
as controlled by desert armies of the bordering countries,
succeeded in avoiding tribal conflicts and mutual sabotage
actions.
Recently, since about two decades, water harvesting projects
mostly constructing weirs on wadis crossing political borders
and tribal fronts were carried out. But in order to avoid
political or tribal conflicts over rights of water collected in
weirs the rights of water utilization were clarified and agreed
upon among the different tribes pressing access to the wadis
water. Tribes among themselves control the water use and
the desert police guarantee the sharing agreements.
Figure 2-7 Security and Burial of Disi – Amman main pipelines

4.5. Historical Water Sources Security
4.3. Trucked Water
For people, especially in the scarcely populated areas
of the eastern and south eastern parts of the country
(1–2 persons/km2 on average) and in areas when the water
supplied by the water networks to houses dose not suffice
until the next pumping turn (36 hours a week) water is trucked
for use in drinking, animal watering supplementary and
irrigation or construction.
According to use, the type of trucked water must have
a certificate about the source from where it was obtained,
destination and use purpose. That is especially important
when the trucked water is to be used for drinking and animal
watering. In addition to the certificate about each water
filling, date and time of filling, source and license of water
type transportation (drinking, construction, etc.) control
portal can stop any water truck to ensure the source and
suitability for the intended use. The portal can also analyze
the water and violation is strictly found in certain cases by
imprisonment.

4.4. Desert Areas Water Security
Jordan, especially the eastern and southern parts are tribal
areas with conflicts or cooperation about sharing
the available surface water resources of flood flows, springs
and very limited oases.
In some areas near the borders of neighboring countries,
Saudi Arabia, Iraq and partly Syria in the far northeast tribes
not easily recognize political boundaries because they have
their own tribal areas across political borders.

Historically, tribes and individuals secured their sources
represented in springs, desert oases or dug holes by living
around to protect the resources from incursions by other
tribes or individuals.
Drinking water does not seem to have represented any major
threat because of human feelings, but cattle watering by
invasive use led historically to conflicts and even to wars
lasting for decades. Although tribes and individuals had
cooperated when source discharges declined or stopped in
one or other source.
Security water sources, defending them and reaching
agreements on sharing these resources have been a major
task of all tribes in water scarce areas. But tribal rules,
developed during the last few millennia, were able to
somehow reach at just sharing and resolutions in case of
disputes. Nonetheless, conflicts and wars from time to time.

4.5.1 Development of Historical Security System
In the arid and semi-arid parts of the globe humans tried to
live as close as possible to water sources, such as fresh water
lakes, oases, springs and perennial wadis, which secured their
water supply throughout the year of wet and dry seasons.
Such water sources provided humans in addition to water
with some food (plants), fish and meat of hunted animals
which came to water. Therefore, living close to these sources
meant secured water and food sources.
With the passage of time four to six millennia ago, water
started to be transported from source to residing place by
animals (camels, horses and donkeys etc.). That created also
a type of secured water the years over without having to live
in the immediate vicinity of the water source.
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Intensive
monitoring system
was introduced to
cover the critical
and vulnerable
water resources
and facilities,
especially, those at
Jordanian borders
with Syria and Iraq,
the top priority
sites.

Increasing dryness and
droughts forced humans
to develop some primitive
techniques to secure their
water supplies throughout
the year. Therefore, they
developed water harvesting
by excavating ditches and
depressions of few meters in
depth to collect flood water
near wadi course to serve
them during the dry season.

After that they started
building cisterns in such
formation with capacities
of few to thousands of cubic
meters where harvested rain
water was stored
a far from evaporation and
pollution for use all over
a year’s time. This technique
is still used in the Middle East
not only by nomads but also in villages, towns and cities as a
supplementary water supply in increasing herewith
the amount of secured water.
In Jordan and especially in remote areas this type of water
storage in excavated ditches, depressions and cistern is
practiced and represent a type of water secured system either
on its own as a supplementary source for the dry seasons
when not enough piped water reaches the population.

4.6. Civil Defense and Fire Department
Water has in addition to its use in households, industrial
and agriculture a very vital role to play as fire extinguisher
irrespective of its salinity or composition. Therefore,
programs and measures have to be prepared to implement
that role smoothly and in time. To achieve that the following
measures and programs have been carried out:
• W
 ater hydrants were installed on water mains (where water
in the major pipes is always there) in accessible sites for five
engines without major traffic jams. The Department of Fire
(civil defense) and MWI cooperated in the selection of
the suitable sites for that purpose and distributed in
the areas where fire is highly expected, within cities, towns,
villages and even in open lands near forests and farming
areas.
• Only the Civil Defense Department (CDD) was granted the
access to the hydrants and they possess the necessary
equipment to access the water in any time they need it and
in a very fast way.
• Water for that purpose is not charged whatever amounts are
used for fire extinguishers.
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Precautionary Measures
In addition to all programs and measures undertaken
to combat sabotage and damage preparedness for eventual
cases has to be put in place to, as soon as possible,
repair the damage or overcome its consequences.
To achieve that the following measures have been prepared:
• I mmediate mobilization of medical staff civil defense and
the police
• Immediate mobilization of emergency repair groups
• Trained water managers to substitute the damaged water
supply by changing water source or supply network or
even by trucking water to areas affected by water supply
interruptions
• In case of pollution, treatment on site as much as possible
or discharge to safe places with minimized environmental
impact.

06

Conclusion
The several and parallel wars in the Middle East increased the
stress in the water sector, especially in Jordan.
As a result, many sabotage, damage malfunction, violation
and attacks to water reservoirs and resources happened.
Therefore, intensive monitoring system was introduced
to cover the critical and vulnerable water resources and
facilities, especially, those at Jordanian borders with Syria
and Iraq, the top priority sites.
The majority of water infrastructure systems in Jordan,
including surface and groundwater, conveyed pipelines,
supply stations and wastewater treatment plants are
controlled, secured and monitored in a profound and
intensive manner by WSID through MWI. MWI modified
the National Legislative Framework for Protecting Water
Infrastructures in 2014 in order to develop the punishments
by law to safe water infrastructures against damage, sabotage
and terrorist attacks.
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Abstract
The story of fracking in Australia is still unfolding and affecting rural communities, where shallow watertables, agricultural lands,
community livelihoods and societal cohesion are impacted. Unconventional gas, specifically coal seam gas (CSG), released by
fracking, was heralded globally as the new way forward in delivering cheaper energy for the future. The impact of gas extraction
methodologies, industry governance and environmental policies adopted across different regions has influenced the broader
community understanding of energy and water security, and environmental sustainability. This review assesses the use of water
and environmental law to manage: a) the risk that the CSG industry may pose to Australia’s natural land and water resources,
water security, and agricultural development and; b) the potential to deliver the benefits offered by CSG.
The critical drivers for CSG development, level of community involvement, government policy engagement and potential
long-term benefits are examined. A brief summary of alternative strategies deployed governments to manage, contain or embargo
the development of the unconventional gas industry is given. The review examines alternate legal frameworks for addressing
sustainability challenges associated with large-scale natural resource (LSNR) projects. How strong leadership, foresight, appropriate
governance and policy settings is required can deliver balanced outcomes for water and energy security. The methodology adopted
in this paper, uses a comparative analysis of the legislative and regulatory approaches in two eastern Australian States,
namely New South Wales (NSW) and Queensland (QLD) and the relevant Federal legislation that provides the governance framework
for initiating and monitoring LSNR energy projects, while delivering environmental protection and water security.
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Governance, water security, environment, policy, fracking, unconventional gas, energy, communities
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01

Introduction
A transformation in thinking and approach is necessary to
understand the water, energy and food nexus that underpins
the development and expansionary nature of current global
trade and productivity models, around which layers of policy
and governance instruments are framed (Coles & Hall, 2012).
This is particularly relevant to large-scale natural resource
(LSNR) developments that rely on decadal timeframes,
require significant investment and draw-in extensive external
resources (such as water), and which can divide regional and
rural communities in which the developments often take
place. Global concerns about large coal and gas development
projects, and their long-term potential to impact climate
change, have markedly increased since the signing of
the Paris Agreement in 2016. The impact that these projects
can have on land values, job markets, energy prices and
water security are compounded by the need to guarantee
future global environmental sustainability. Australia has
significant environmental and water resource allocation and
water security issues owing to a wide range of factors (e.g.
drought, water scarcity, competing resource use interests, and
biodiversity loss). Not the least
being, that the politics of water
in Australia ferments a difficult
The politics of
and complex setting, that impacts
Australia’s natural capital assets
water in Australia
and the capacity of local, state and
ferments a difficult federal governments to balance
both the environmental water
and complex
requirements and the socioeconomic water, food and energy
setting, that
demands.

impacts Australia’s
natural capital
assets and the
capacity of local,
state and federal
governments to
balance both the
environmental
water requirements
and the socioeconomic water,
food and energy
demands.

1.1. Unconventional gas and
water resources
Natural gas1 is composed mainly
of methane, it is colourless,
odourless, lighter than air
(Howarth et al., 2011), and
although it may not impact on the
senses, as an alternate source of
heat and power it has the capacity
to transform energy markets now
and for the foreseeable future
(Wright, 2012). Unconventional
gas, a form of natural gas that
can be released by fracking, was
heralded globally as the new way
forward in potentially delivering
cheaper energy with a lower
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carbon footprint relative to other sources (e.g. coal, oil).
The development of these unconventional2 gas resources,
that are dispersed within geological formations (e.g. shale,
coal seams);3 forms part of the low carbon transitional
energy vision viewed as necessary to address climate change;
given the potential resource may be large4 and conventional
reserves are becoming depleted globally (Wood et al., 2011).
Exploiting unconventional natural gas reserves often requires
expensive, technical drilling operations and ‘fracture
stimulation’ (or ‘fracking’) to extract gas at a viable or
economic rate, making these resources both technology and
price sensitive, and potentially environmentally damaging
(Healy, 2012). This raises concerns about the effects on human
health and the environment including land degradation and
the potential to negatively impact on the quality, quantity and
security of water resources (ORD, 2015).
In Australia, coal seams often contain both methane (known
as coal seam gas, CSG) and water due to their near surface
proximity, so in recovering the methane, water is required to
be pumped out to depressurise the coal seam enabling the
gas to be extracted. The volume of extracted or ‘produced’
water tends to be large in the early stages of CSG production
and is normally expected to decrease exponentially over time,
with very little water being produced in later years (Khan
& Kordek, 2014). However, the withdrawal and disposal of
produced water, along with contamination and groundwater
depletion, are key environmental management factors linked
to CSG production (Stearman et al., 2014). Parallel to these
technological developments, is the need to provide flexible
governance and legislation to manage public concerns,
and deliver balanced outcomes for the water, food and
energy nexus (Coles & Hall, 2012). More explicitly, address
the potential for contamination of surface and groundwater
resources alongside the minimisation of greenhouse-gas
emissions. Contributing to these difficulties, are significant
differences of opinion within the industry, community and
government as to whether the unconventional gas industry
can deliver the promised benefits for all.

1.2. CSG, government policy and communities
The exploitation of these new or unconventional energy
sources requires the adoption of new extractive practices
which are enabled by innovative technologies. As such,
continued CSG expansion is tempered by several factors,
including but not limited to: unexpected environment impacts
due to complications in extraction methodologies; limited
understanding of the fractured geology; perceived negative
impacts on water resources; decline in water security; loss of
prime agricultural land; and strongly polarised community
attitudes (Coles, 2018).5
Due to the impact of the aforementioned LSNR development
factors, some of which will be discussed here, the politics of
natural resources, water chief among them, and large-scale
extractive industry investments in Australia is an increasingly
difficult and complex process, impacting at International,

Federal and State levels. Since 2010, there have been 16
Parliamentary or Senate inquiries6 into different aspects
of the unconventional (CSG and Tight Shale Gas, TSG) gas
industry in Australia.7 Seven in New South Wales (NSW) (3)
and Victoria (4) alone, where there was significant and highly
organised opposition to onshore gas developments, resulting
in moratoriums in NSW, the Northern Territory (NT) and
Tasmania, and complete bans in Victoria (2016), and South
Australia (2018). At the same time the industry also faced an
increasingly hostile, energy dependent public, angry over rising
domestic prices, caused by limited exploration and production
opportunities in affected states (i.e. NSW & Victoria) and
large-scale export supply contracts (QLD, WA, & NT) diverting
local gas supplies.
Although still developing, the industry in the decade 2005-15,
was under intense exposure from media, 8 multi-government
inquiries, disaffected communities9 and facing significant
losses as markets and prices collapsed.10 Therefore,
the industry and all levels of government, were forced
to evaluate CSG and its benefits, given the production
complications, poor community support, perceived threats
to water security and prime agricultural lands, and less
favourable royalties being delivered by plummeting global
oil and gas prices (Peacock, 2016). Thus, the CSG industry lost
its prime position as the new energy nirvana in Australia. In
this volatile political cauldron, successive governments since
2000, were required to deliver recognisable improvements
in environmental health, water security, natural resource
management, and sustainable industries, that influenced
political decisions, policy and investment in Australia for the
next 20 years and beyond (Coles, 2015). This paper is written
in three parts, firstly an examination of the development of a
national approach to LSNR developments- namely
the unconventional gas industry, secondly an assessment of
the approach adopted in different Australian states-namely
NSW and Queensland (QLD), and thirdly a discussion on the
merits of these approaches.

While the reforms
provided for the
separation of land
and water title
rights, enhancing a
State Government’s
ability not only
to manage water
as a separate
issue, they also
created a tradeable
commodity.

02

Developing a uniform Australian Policy
for Unconventional Gas
The federal nature of Australia’s system of government, with
various powers vested in the States and federally under
the Constitution,11 remains a challenging environment in
which to devise and implement federal policy around the
management and development of the nation’s natural
resources (Kildea & Williams, 2010). The central pillar
supporting the environmental legal system in Australia is
the concept of “sustainable development”, first envisaged
in the Brundtland Report (WCED, 1987). This report brought
environmental stewardship to the forefront of policy
initiatives globally during the early 1990’s. The Australian
Government established a governance framework that:
a) encapsulated the concept of environmentally sustainable
development (ESD), biodiversity preservation and water
security; and b) facilitates a coordinated approach to natural
resource development whilst encouraging investment
in the long-term benefits for Australia, over short-term gains
(Coles, 2018).12
Water resource issues in Australia, therefore have continued
to push the boundaries of environmental and sustainability
legislation, as long-term water security faces increased
challenges and trade-offs from competition between human,
environmental and agricultural users. Over the last two
decades it has been gradually accepted in Australia that
additional pressure on rivers, water supplies, and rain-fed
agriculture has come from climate change that has varied,
the once considered reliable, delivery (timing and intensity),
quality, quantity and security of water supplies. Overlaying
these physical aspects of change are the socio-economic
considerations and the wide-ranging political views (from
climate sceptics, multiple corporate interests, greening
social attitudes, family farms and protectionist naysayers)
that shape water policy in Australia. Accordingly, Australian
Federal Governments of various persuasions periodically
sought to use policy and financial initiatives to garner
co-operation between the Australian States and Territories.
Water resources, their long-term security and sustainability
have taken on increasing importance as climate change has
impacted on their security, durability, delivery capacity and
water quality (Khan and Hanjra, 2008). Wide ranging water law
reforms were finally agreed by all States, Territories and the
Federal Government in 1994.13 While the reforms provided for
the separation of land and water title rights, enhancing a State
Government’s ability not only to manage water as a separate
issue, they also created a tradeable commodity (Coles, 2015).
The reforms were formalised under the Council of Australian
Government (CoAG), Intergovernmental Agreement on
a National Water Initiative (NWI) 2004 (NWC, 2011), which
also targeted improvements in the economic efficiency
of Australia’s water management through the Australian
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Competition and Consumer Commission (ACCC). This built on
the national environmental strategy14 that provided both
a broad strategic direction and a framework for the State and
Territory governments.

2.1. Who owns the CSG resources and who regulates?
Hydrocarbon resources are owned, under Australian law,
by the State (at federal, state or territory level) on behalf of
the community. Governments at all levels thus have
a “stewardship” role in petroleum resource management
(AGPC, 2009) with landholders (e. g. farmers or graziers)
having a freehold or leasehold title to land,15 but in principle
not the rights to mineral or petroleum resources. Significantly,
while the federal government has national responsibility for
the offshore development of gas,16 the onshore gas industry
is principally regulated by State and Territory governments
(EDOs, 2016). As a result, it is not surprising that this disparate
process is often unable to: a) deliver unifying legislation that
is an enabler for industry development across borders; or
b) adequately address community concerns, water security
issues, and environmental impacts consistently (Coles, 2018).
Consequently, there are a various assortment of petroleum
and pipeline laws. This includes an extensive body of
federal and state legislation governing upstream petroleum
activities that manage the impact on the environment,
heritage, resource development, native title, land rights and
occupational health and safety (SCER, 2013a). Inevitably most
are not specific to the oil and gas sector. This juxtaposition of

jurisdictions, industries and governments has created
a range of departmental bodies, with influence across
all levels of government, each having a role in regulating
upstream petroleum activities (Coles, 2017). As a result, gas
resources are subject to petroleum tenure rights granted by
the State or Territory governments (IEA, 2012), which in recent
years has been the nub of the problem. Not surprisingly,
landholders have felt increasingly marginalised, overlooked
by the State, in favour of large-scale CSG extraction
operations (Figure 3-1) that may significantly impact their
day to day operations, affect arable land use, reduce water
availability, potentially affect water quality and thereby
undermining water security.

2.2. Harmonisation: A federal unconventional gas
policy?
Policies and practices to enhance sustainability and adapt
to new industry developments are typically founded on
addressing the “average” or “typical” LSNR developer
(Marshall & Smajgl, 2013). This creates the risk that strategies
employed will be irrelevant for some, will not be applicable
in rapidly changing industry environments, not address
changes in community attitudes during the often-decadal
lifetime of LSNR projects and may be ignored (Marshall &
Smajgl, 2013). Not surprisingly, at the time of writing, there are
no overarching set of enforceable federal laws that regulate
the various impacts associated with unconventional gas
development in Australia (EDOs, 2016).

Figure 3-1 Demonstration of the broader impacts of multiple CSG wells in the landscape with the roads and other infrastructure in a CSG field
near Dalby State Forest, southern Queensland. Scale widthways: 6.8 kilometres. Source: Eco Logical Australia 2013
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However, the socio-economic and environmental interplay,
high level of community concerns and media coverage,
combined to provide the impetus for significant law and
industry reforms federally, and in affected States, during
this critical decade (2005-15) that spanned these LSNR
developments. During this period, communities were
polarised into two main groups, either pro- or anti- fracking
depending on the level of involvement in the industry and
the degree to which their livelihoods, water security or arable
lands were affected. More importantly for the industry,
concerns surrounding land ownership, environmental
impacts and water security linked to fracking and CSG
extraction were coming to the fore (Coles, 2017) attracting
strong media attention and straining political relationships
between the Federal and State governments, landholders and
local communities. The many-fold issues included:
• P
 otential environmental implications of fracking, its
impacts on water quality, water availability and water
security, and the disposal of large volumes of ‘produced’
water that may also be contaminated;
• Risks associated with creating new fractures that intersect
adjacent aquifers that may impact local water resources,
depleting near surface water tables, reducing water quality
and availability;
• Potential loss of prime agricultural land causing increasing
conflict over perceived infringements of landholder rights,
water rights, land ownership, and land access for extractive
operations (Johnston, 2001);17
• A perception of poor regulation and governance of the
unconventional gas industry at all levels of government
in all states and federally;
• Negative impact of LNG export industry on domestic gas
availability and electricity (energy) prices, particularly in NSW;
• Limited local community co-benefits from gas developments,
particularly affected infrastructure, coupled with a perceived
loss of environment, land and water security;
• Reduced returns to the state from taxes and royalties due to
the fluctuations in gas prices, export volumes and domestic
demands, leading to limited funding being available to
affected communities and land holders as compensation or
for rehabilitation;
• Perceived strong influence of the resource developers and
gas supply companies over governments and Australia’s’
natural resources; and,
• Methane leakage or ‘fugitive emissions’ impacting air
quality, and the climate mitigation and adaptation
strategies (Ray, 2013; Ross & Darby, 2013).18

Faced with this level of divisiveness, it was clear to
the Australian Federal government that a new way forward
was required by all parties. While the system of federated
states applies ‘artificial’ political borders, the natural
land and water resources within them are hydrologically
interdependent and holistic (Clark, 1987). Therefore, gaining
consensus on federal reforms has always been a contentious
issue, particularity when co-operation and agreement
between the state, territory and the commonwealth
governments (often of different political persuasions) are
required (Gardner et al., 2009). Thus, the federal government

found it necessary to
examine the potential
elements of Federal or
Commonwealth legislation
at its disposal to effectively
direct or assist the States
in the management
of the LNG industry,19
and unconventional
gas extraction (CSG) in
particular, by providing an
overarching legal framework
with which the States were
required to comply.

More importantly
for the industry,
concerns
surrounding
land ownership,
environmental
impacts and water
security linked to
fracking and CSG
extraction were
coming to the fore.

Well-founded fears
surrounding over-allocation,
competing industry and
environmental water
requirements, and the
potential for severe water
shortages within the Murray
Darling Basin States20
created impetus for water and environmental law reforms.
These regulatory reforms were negotiated and implemented
through COAG in the 20 years after the 1994 agreements, and
as Australia struggled to cope with
a decade long drought, climate change and socio-economic
structural shifts, particularly in the eastern States (Coles,
2015). The approach adopted to regulate large-scale CSG/
TSG and LNG projects focussed on legislation covering the
protection of water resources and aquatic ecosystems as
significant natural resources. Strengthening the natural and
water resources legislation was considered to be
the most effective means of introducing new controls that
may be applied nationally, and in conjunction with the
States. Having recently used environmental legislation
through the EPBC Act 1999 21 to successfully implement
national water law reform through the Water Act 2007, 22
the Commonwealth government again examined this option
in reforming CSG/TSG regulation. 23

In previous negotiations on Water and Environmental Law
reforms from the early 1990’s successive federal governments
sought to provide direction and unity through legislative
and financial instruments to provide consistency and water
security across Australia (Coles, 2015), specifically, for water
allocation for human, industry and environmental uses.
Within this context, the requirement to deliver recognisable
improvements in environmental health, natural resource
management and promote sustainability with respect to
matters of national environmental significance (MNES)
was paramount.24 The potential to utilise the Australian
Constitution25 and international environmental obligations26
to underpin federal policy and legislative reforms in Australia
has been previously recognised (Crawford, 1991). In respect
of the CSG industry, the federal government is able to act
through precedent, that upheld the Commonwealth’s right
to use constitutional powers, to regulate in respect to
corporations, trade and environmental impact.27
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As in the case of previous reforms, the Commonwealth
government was able to play the ‘intervention card’ of
using constitutional powers to deliver protection of the
environment and its associated water security (Coles, 2015).28

2.3. N
 ational unity and harmony grow out of
concerns with CSG and water security?
The federal government moved slowly to regulate
the unconventional gas industry with a number of inquiries
and reports into CSG activities commissioned between 2005
and 2010. In this short period, concerns arose over the Global
Financial Crisis and its impact in Australia, there were three
changes in Prime Minister, two federal governments, and
nine premiers in NSW, Victoria and Queensland of varying
political persuasions (Coles, 2017). Hence the focus was not
on the industry (other than as a cash cow, or as an offset to
CHG emissions targets) (Clark et al., 2011) but on internal
political struggles, leaving the wider community to deal with
events as they developed within each State bereft of specific
overarching legislation.
In the early 2000’s the Commonwealth Government had
continued to push additional water reforms, using powers
under the NWC Act 29 to provide further support the States
to complete their obligations created under the water and
environmental law reforms. However, the State of NSW still
retained the right to the control, use and flow of all water
in rivers, lakes and aquifers as well as all water occurring
naturally on or below the surface of the ground30 within
the State, provided it meets the national objectives set out
in the Murray Darlin Basin Plan (MDBP). As we shall see in
subsequent discussions, this was an important factor in
determining NSW regulatory approach to assessing CSG
projects and water security in that State.
In parallel negotiations Australian Government introduced
further reforms in April 2008 aimed at managing the country’s
water security by establishing the Water for the Future
program.31 The program, in 2007/08 provided funding over
a 10-year timeframe:
•
•
•
•

~$6 billion to improve rural water use efficiency;
~$3 billion to recover water for the environment;
~$1 billion to establish new functions; and,
~$1.5 billion to enhance urban water security (Higgins, 2012).

Furthermore, in 2010, the National Water Commission (NWC)32
responding to wide ranging calls for operational certainty
from the LNG industry, and alternatively from the community
for the industry to be restrained, released its position
paper. The paper outlined an ‘adaptive and precautionary
management’ approach to the CSG industry (NWC, 2010),
a policy approach recently adopted by the Queensland
government. The NWC report highlighted the need for a better
understanding of the cumulative effects of multiple CSG
projects on ecosystems, and noted:
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“if not adequately managed and regulated, [the CSG industry]
risks having significant, long-term and adverse impacts on
adjacent surface and groundwater systems” (NWC, 2010).
Sentiments echoed in the “Golden Rules” report released
by the International Energy Agency (IEA) two years later
(IEA, 2012). In this document, the IEA laid out a global
blueprint for the development of unconventional gas
resources, placing emphasis on full transparency, regulation,
measuring and monitoring of environmental impacts and
promoting engagement with local communities as critical to
addressing their concerns. This approach was acknowledged
in submissions to Parliamentary and Senate Inquiries in
Australia and touted as a starting point for industry regulation
(EDO, 2016; Williams et al., 2014).
Chief among these concerns were: a) the extent of CSG
reserves in the eastern States, many of which are proximate to
townships, water resources or prime agricultural land; and b)
the inadequate and inconsistent State and Federal regulation
of CSG infrastructure and extraction activities (EDO, 2016).
An opportunity was clearly created to deliver industry reforms
focussing on delivering the potential benefits to those
communities affected, without the significant loss of water
security, biodiversity or arable land. Based on
the recommendations of the NWC, the Prime Minister,
Julia Gillard33 announced the creation of the Independent
Expert Scientific Committee (IESC) in 2011, to provide expert
advice to the Federal and State governments.34
After broad consultation, the Commonwealth government
also inserted a ‘water trigger’35 clause into the EPBC Act in
2012, to address concerns over significant impacts on a water
resources in the MDB.36 A water resource is this instance is
defined as groundwater and/or surface water, and includes
organisms and ecosystems that contribute to the physical
state and environmental value of the water resource.
A significant impact is defined as a real or not remote chance
or possibility that it will directly or indirectly result in a change
to:
• the hydrology of a water resource; or
• the water quality of a water resource,

that is of sufficient scale or intensity as to reduce
the current or future utility of the water resource (and thereby
water security), for third party users and thereby qualify as
MNES.37 The ‘water trigger’38 is considered as the only federal
environmental law that directly regulates unconventional gas
development, or LSNR projects (EDO, 2016), although it may
have limited applications. 39
Subsequently, the federal government negotiated
the National Partnership Agreement (NPA) with relevant state
and territory governments 40 to enhance co-ordination of CSG
and large coal mining developments that may have
a significant impact on water resources.41 The establishment
of the IESC under the CoAG NPA in 2013, was a major step
forward in providing independent support for the evaluation
of proposed CSG projects (Williams et al., 2014). Further to
these developments, the Commonwealth in conjunction

with the States, and with advice from the newly created IESC,
developed additional policies and legislation that would
support industry development while allaying concerns
raised in the last decade. These included the National
Harmonisation Regulatory Framework for Natural Gas from
Coal Seams (The Harmonisation Framework) (SCER, 2013a)
and the Multiple Land Use Framework, (MLUF) (SCER, 2013b)42
and further amendments to the EPBC Act.43

that as a party to the UN Convention on Climate Change,
Australia is obligated to undertake actions to reduce
emissions and the economic carbon footprint of the country.
To date no significant actions have been instigated by
the Commonwealth in this regard although actions and
carbon targets have been proposed, again emphasising the
discordance between energy, water and agricultural policies
that are impacted by the inertia surrounding the national
climate change debate.

These amendments became law on 22 June 2013,
designating water resources a MNES, in relation to CSG and
large coal mine development. This was a significant step in
relation to providing for water security at a national level,
unfortunately these amendments act in isolation from
the climate, energy and agricultural policies, creating
a potential schism between these nexus elements.
Later amendments focussed on the CSG industry and State
co-operation44 through the National Partnership Agreement
(NPA), using financial incentives (See Table 3-1) to ensure
statutory support and implementation by assisting the States
to modify their environmental, water or gas legislation.
Both the Harmonisation Framework and MLUF were
developed through broad industry and community
consultation. Acknowledging that Australia cannot reap
the benefits from unconventional gas if the social licence
to operate and community confidence is not established
and maintained.45 Something that had been eroded in the
previous decade.

Even though considerable policy and legislative progress was
made during this crucial decade, there are still communities
within the eastern States that were not satisfied with
the approach adopted by the Federal and State governments
and they have continued to push for further restrictions on
fracking and the CSG industry. This evoked considerable
debate, a Senate inquiry,48 calls for a Royal Commission,49
and the introduction of land access (or rights) and water
restrictions for LSNR developments.50
Confronted with this level disaffection and increasing
uncertainty about the potential benefits of the CSG industry,
individual state governments implemented different response
strategies. Some of the measures, policies and regulations
that have been undertaken in NSW and QLD to foster industry
development, regulate the risks and address communitylandholder concerns is addressed in the following sections.

The Harmonisation Framework based on the concept of
applying leading best practice noted that: “governments
should implement streamlined, transparent and consistent
processes to ensure that industry activities are managed
in accordance with the level of risk associated with those
activities” (SCER, 2013b). Though a vast improvement
on previous actions, the framework did not necessarily
resolve the issues surrounding the role of the coal industry,
greenhouse gas emissions and the impact of CSG,
the distortion of the domestic gas (and thus energy) markets,
or the governance actions that may be instigated by each
State (Williams et al., 2014).
Further impetus for management action surrounding CSG
(and coal, oil and gas industries) may be provided via
the climate debate, with Australia signing the international
Paris Agreement (COP21) on climate change in 2015.47
This provides for another international trigger for action,

States and Territory

2011-12($m)

2012-13($m)

2013-14($m)

Total

New South Wales

7.00

3.50

7.00

17.50

Victoria

4.05

2.03

4.05

10.13

Queensland

7.40

3.70

7.40

18.50

South Australia

1.25

0.62

1.25

3.11

Northern Territory

0.30

0.15

0.30

0.75

20.00

10.00

20.00

49.99

Total

Table 3-1 Commonwealth financial contributions to the States negotiated as part of the NPA46
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The Environmental and Water Law Reforms
adopted in NSW
In the decade following the 1980 law reforms, various
interstate and national agreements seemingly had negligible
impact on the status of water resources, its allocation,
security and environmental management in NSW (Kildea &
Williams, 2010). In recent years, successive State governments
in NSW have had to navigate often stark political view-points
concerning water, energy, and land use; its security, allocation
and ownership. In NSW, unlike Queensland, the CSG industry
was comparatively in its infancy. The industry was developing
and expanding at least a decade before the State introduced
the NSW Gas Plan in 2015.
The rapid pace of development was such that by March 2011,
petroleum titles or applications covered 45% of the State. At
this time there was also considered to be a lack of oversight,
inappropriate petroleum legislation and limited protections
for affected landholders - given the level of ‘invasive’ activities
that are linked to large-scale CSG development (Eco logical
Australia, 2013). By 2012, it was considered that the industry’s
development had outpaced the government’s ability to
regulate it, and the associated technical extraction practices
including: a limited understanding of the impact
of fracking technologies; the storage and disposal of
‘produced’ water; impact of released hydrocarbon on water
quality; the reduction of near surface and groundwater tables
that may affect water availability; and the management
of fracking fluids and proppant (Coles, 2017). Both the water
quality and availability issues were recognised as negatively
impacting future water security, and as such, would
deplete projected community, industry and environmental
water requirements, creating uncertainty and increased
competition pressures.
Therefore, in contrast to water law reforms-driven mainly by
cross state and federal water management issues in the MDB,
the NSW governments’ response to growing concerns around
CSG was limited (NSW Parliament, 2012). However,
the legislative modifications that were initiated by NSW would
be critical to the establishment of the States’ CSG policy and
legislation in regard to water security and the environment. 51
A key element in the CSG debate is whether the associated
extraction activities would contaminate or deplete water
resources, with much of the available scientific evidence on
this question contested (NSW Parliament, 2012). This section
provides a brief overview of the development of water,
environmental and CSG legislation in NSW, in response to
the rapid industry development, LSNR projects and mounting
community concerns.
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3.1. T he development of water and environmental
law in NSW
Five years before Federation, the colony of NSW introduced
the Water Rights Act 1896.52 Between 1896 and 1902 a further
three pieces of legislation53 were enacted to manage water.
These acts, including the Water Rights Act, were subsequently
consolidated into the Water Act 1912. 54 Alongside the
Irrigation Act 1912, these pieces of legislation formulated
the principles behind water management, allocation and
development in NSW for nearly 60 years. 55 However, the ad
hoc approach to water resources in NSW, since federation
in 1901, has resulted in 100 years of piecemeal water
allocation and environmental planning as the State developed
(Coles, 2017).
The Water Act of 1912, when enacted provided for the security
of water supply to land owners and water users across NSW,
while also protecting the riparian rights of downstream water
users within the State. These protections in NSW, prior to
the legislation were considered tenuous at best, however
while protecting States’ rights and water security, little
deference was given to other downstream States that
may require flows to be directed across borders (Hubert
& Patrick, 2000). Therefore the ‘rights’ that cover access,
river flow, allocation and management of water resources,
water security, and the associated benefits has a long and
contentious history in NSW and between other States that
expected cross-border water re-distribution. Water resources
management was governed by a process that has often been
divided by institutional and statutory complexities,
and one that guarantee fragmentation rather than integration
(Coles, 2017). This, inter alia, is reflective of the Australian
tradition of segmented attitudes to natural resource
management, based on legislation with long historical
roots encapsulated in its staid institutional arrangements
(Farrier et al., 1998).
Apart from the Water Act, there was little change in
the State’s water management policy, although there was
some overarching constitutional agreements put in place
between States and the Commonwealth during the time
of federation in 1901, 56 and the subsequent River Murray
Waters Agreement (RMWA) of 1914. 57 There were several other
intergovernmental agreements on water management 58
during the mid-1900’s but they tended to be between two or
three MDB States59 and/or the Commonwealth Government
(Kildea & Williams, 2010). However, inter-jurisdictional
management and allocation of and security of water for
the environment, agricultural development and human
consumption within the MDB remained largely unresolved.

3.2. T he Environment: A change in focus for Policy
development in NSW
From the 1970’s onward, the declining health of the rivers
in the MDB, a considerable proportion of which is in NSW,
was cause for increasing concern. In response, the NSW
government proposed new legislation to manage water
allocation, quality and flow with the implementation of
the NSW Clean Waters Act 1970.60 Larger issues, such as
salinity, species (biodiversity) decline,61 water quality
deterioration, extensive algal blooms and environmental
flows,62 drew more attention in later years, along with
increased competition from alternate water use activities.
These were dealt with initially under other legislation,
including (but not limited to) the: Water (Amendment)
Act 1971;63 Private Irrigation Districts Act 1973; Irrigation
(Amendment) Act 1974; Land and Environment Court Act 1979;
and the Environmental Planning and Assessment (EPA) Act
1979. These pieces of legislation demonstrated a significant
shift away from the ‘business as usual’ approach to water
management and were focussed on improving or maintaining
the environment, water quality and secure resources within
NSW to lift productivity and manage water allocation (Coles,
2017). The Clean Waters Act was directed at the prohibition of
pollution of waters except where such pollution is managed
by way of a licence, although ultimately it creates the offence
of the pollution of waters. Furthermore, the NSW EPA Act 1979
sought to encourage:
“the proper management, development and conservation
of natural and man-made resources, including agricultural
land, minerals, water, cities, towns and villages for
the purpose of promoting the social and economic welfare
of the community and a better environment” through
“ecologically sustainable development”.64
More importantly it also provided for an increased
opportunity for public involvement and participation in
the environmental planning and assessment process within
the State.65 These Acts were further bolstered by the NSW
Water Administration Act 1986,66 Catchment Management Act
198967 and the Protection of the Environment Administration
Act 1991 (NSW).68 The more recent legislation, placing
more emphasis on environmental (or natural resource)
management and catchment planning. Realistically
the introduction of this legislation at this time had limited
effect in practice, but legislatively did have considerable
potential for broader impact (Farrier et al., 1998).
The increasing acknowledgement of land and water
degradation around this time in Australia, during the Decade
of Landcare,69 created further pressure for both State and
Federal governments to be more innovative and forthright
in their administration of water and the environment.
Sustainability and biodiversity issues were becoming more
prevalent with federal initiatives70 driving change legislative
in the States for the next two decades. Particularly in NSW,
having the largest land holding and water allocation within
the MDB, and potentially extensive untapped CSG reserves
that could satisfy the States burgeoning energy needs.

In NSW, legislation was introduced based on federal policies
through amendments to existing or new legislation via: Water
Legislation Amendment Act 1999; Protection of
the Environment Operations (PoEO) Act 1997;71 Water and
Environmental Planning Legislation (Amendment) Act 1997;
Wetlands Management Policy 1996; Irrigation Corporations
Act 1994;72 and PEA Act 1991. Further reforms were introduced
into NSW with the proclamation of the Water Management Act
(WMA) 2000,73 which repealed the Water Rights Act 1912.
The Water Management Act (WMA) was the culmination of
many years of negotiation, discussion and successive State
and Federal water initiatives. The WMA enshrines the concepts
of catchment management planning 74 and integrated water
resources management,75 and promoted the concepts of
ecological sustainability, equity and best practice.76
Under the WMA water sharing plans (WSP’s) and water access
licences (WAL’s) were issued by the Department of Water
Resources77 that provided both oversight and monitoring of
licence conditions and catchment health, thereby generating
state of the environment data.
However, at times the States (or the landholders and water
users) did not always agree on the nature of the reforms,
the timeframe for implementation, or the compensation
offered by the Commonwealth Government. In 2007, for
example a group of farmers took the NSW government
to court over the legality of changes in water allocations
that were decreased with the introduction of the WMA
(Seneviratne, 2013). Licences granted under the Water Act
1912 were replaced with licences under the WMA.
The Act was in part implementing the intergovernmental
agreement to ensure the long-term sustainability of
groundwater systems in the Murray Darling Basin (MDB)
plan. However, these licensing issues did not extend to the
mining and petroleum industries as they were covered under
alternate laws and licensing provisions. The WSP proposed to
significantly reduce the annual maximum volume of water for
irrigation that could be drawn compared with entitlements
under the Water Act 1912 in order to achieve the sustainable
yield in line with the MDB plan. There were 5 grounds for
appeal put forward by the farmers, including a constitutional
challenge,78 which were all subsequently dismissed.
Further exacerbating the divide between the community,
land holders, gas extractive industry and all levels of
government over water security.
Eventually in 2007, the Commonwealth finally took
management of, and control over the MDB through
the Water Act 2007 (Cth) repealing the Murray-Darling Basin
Agreement (MDB Agreement) enacted by the Murray-Darling
Basin Act 1993 (Cth) in 1992,79 given that it was failing
to deliver the promised benefits and reforms within and
between the Basin States. Another five years of discussion
resulted in amendments to the Water Act 2007 (Cth),
with the proclamation of the Murray-Darling Basin Plan
(MDBP) 2012. Completing a cycle of Federal and State
government reforms that had begun over 120 years ago, over
the access to water, its flow, allocation, quality and security,
with the adoption of the reasonable use approach by NSW
in its initial Water Rights Act 1896. Thus, by the early 21st
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Century, water and environmental legislative instruments
(See Table 3-2) were in place in NSW, but unfortunately these
did not adequately correlate with existing State and federal
petroleum legislation or address the issues linked with
the unexpected rapid expansion of the CSG industry or LSNR
projects (including coal).

3.3 T he challenge: Developing a robust state gas
plan and a CSG policy
Over the two decades from 1996 to 2016, NSW became
disproportionately reliant on imported energy to sustain
demand, importing 95% of its domestic gas demand,
exposing the State to high-levels of risk and uncertainty in
both price and supply security (King, 2013). Furthermore,
by 2015 a large number of domestic gas supply contracts
were due to expire with longer term contracts likely to meet
less than 15 % of the state’s demand by 2018 (BREE, 2013).
At the same time domestic gas prices were predicted to rise
as the remaining LNG trains in QLD are completed and begin
exporting gas (Smail & Blumer, 2016). NSW gas supply issues
are therefore more critical than other States, in terms of
long-term low-cost supplies.80 While the demand and prices

increased, alternative supplies from CSG developments
were increasingly viewed with negativity and suspicion by
affected landholders and communities, particularly where
they affected prime agricultural lands and water security
(Smail & Blumer, 2016). Community pressure to withdraw gas
exploration and extraction licences was applied to successive
NSW governments, not only to restrict the industry, but to
also find alternative energy sources to counter the rising
spectre of gas shortages and steep energy price rises (Coles,
2017).
In NSW, CSG activities, including exploration and production,
require a petroleum title under the Petroleum (Onshore)
Act 1991 (PO Act). However, there is no community or
landholder ‘merit appeal’ right against the issue of a licence
(EDO NSW, 2014). Amendments and additional legislation to
manage the degree of community uncertainty, water security
and environmental concerns would be required. Indeed,
the review of CSG in NSW by the Legislative Council Standing
Committee (NSW Parliament, 2012) in 2012, recommended
that the PO Act 1991 be revised with a view to strengthening
landholder rights and achieving a fair balance between
the rights of landholders and CSG operators. In response,
the NSW Government released the Strategic Land Use
Policy (SLUP), first mooted in 2011, which included
recommendations targeted at striking the “right balance

Action taken in relation to CSG developments

Legislation/Polices and amendments linked to CSG
to strengthen the governance framework

NSW Upper house initiated an enquiry into CSG 2011.
Banned use of BTEX chemicals in 2011.
Moratorium on fracking existed from Dec 2011 to July 2012.
A number of test cases are being developed to challenge
CSG operations in NSW with the Environmental
Defenders Office representing the BarringtonGloucester-Stroud preservation Alliance.
Tougher rules on the fracking process used to extract
coal seam gas introduced in 2013 via the SEPP Mining
Amendment including:
• A ban on the use of evaporation ponds for the disposal
of extracted water associated with petroleum
production.
• Two Codes of Practice for the CSG industry covering
exploration, well integrity and fracture stimulation,
following a review by the Chief Scientist & Engineer.
• Multi-agency assessment of applications for CSG
exploration activities.
• Removal of the previous five-year royalty holiday for
CSG producers.
Revision of the EPA ACT in the NSW Parliament in November
2017, enacted on 1 March 2018 with most of the changes
coming into effect from this date. Others will take longer
to come into effect as they require further guidance and
consultation.

Petroleum (Onshore) Act 1991.
Protection of the Environment Operations Act 1997.
Protection of the Environment Administration Act 1991
(NSW).
Water Management Act 2000.
Water Act 1912. (Superceded by WMA).
Work Health and Safety (Mine and Petroleum Sites) Act
2013.
Threatened Species Conservation Act 1995.
Heritage Act 1977.
Environmentally Hazardous Chemicals Act 1985.
Code of Practice for Coal Seam Gas – Fracture stimulation
activities (NSW Code).
Well Integrity Code of Practice (NSW Code).
State Environmental Planning Policy, SEPP (Mining,
Petroleum Production and Extractive Industries) 2007.
Strategic Regional Land Use Policy 2013.
State Environment Planning Policy 2011.
NSW Gas Plan 2014.
Environmental Planning and Assessment Amendment
Act 2017 (NSW).

Table 3-2 Actions, policies and legislation enacted, amended or referred to in NSW to manage CSG activities and their impact on the
environment, water resources, landholders and communities
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between Australia’s agricultural, mining and energy sectors
whilst ensuring the protection of high value conservation
lands.”81 The NSW Government provided additional guidelines
and information publications under the umbrella of SLUP
to strengthen the regulation of the CSG industry (NSW
Parliament, 2012).
Prompted by federal policy initiatives, 82 the government
launched the NSW Gas Plan83 which focussed on determining
appropriate areas to undertake CSG activities using
amendments to the State Environmental Planning Policy
(SEPP) Act 2007.84 The act provides an operational framework
that considers an activities sustainability through assessing
both the economic benefits and evidence of negative impact
on the environment (including water) or communities.
Concerns that had been well documented (NSW Parliament,
2012). Furthermore, the NSW Chief Scientist noted in 2014
that the significance of water and environmental health
to the livelihoods of affected communities has made CSG
development a particularly emotive social concern, which
necessitates a robust approach to regulation.85
The introduction of the plan also extinguished all pending
CSG exploration licence applications and legislated the
NSW Environment Protection Authority (EPA) as the lead
regulator for CSG activities.86 Subsequently, all gas activities
are required to hold an environment protection licence (EPL)
issued by the EPA that sets out legally enforceable, 87
site-specific conditions and controls, with respect to pollution
minimisation and environmental safeguards.
The revised framework now rests upon multiple pieces of
legislation, which provide for the strongest regulation of
CSG exploration and extraction in Australia.88 The NSW
government introduced the Strategic Regional Land Use
Policy (SRLUP) to manage any CSG proposals that are on land
identified or verified as Strategic Agricultural Land, 89 linked
to additional amendments proposed to the SEPP Act which
would prohibit CSG development:

Queensland. That is to adopt a national approach to CSG
activities as outlined in The Harmonisation Framework
particularly in circumstances where affected water resources
(both surface and groundwater) exceed the bounds of
the State.93 In 2017, the NSW government after extensive
review also recommended changes and amendments to
the EPA Act 201794 to support new guidelines that will:
• c reate a consistent framework for setting the scope of the
environmental impact statement (EIS);
• ensure earlier and better engagement with the community
and other stakeholders;
• improve the quality of Environmental Impact Assessment
(EIA) documents and identification of water resource
security issues (including future impacts);
• provide a standard framework for setting conditions for the
construction and operation of projects;
• provide greater clarity on the approved project to improve
post-approval compliance; and
• increase accountability for the practice of EIA professionals.

Additional improvements, not included in the draft guidelines,
are also being developed. These will give further guidance
on an approach to cumulative impact assessment and
professional practice requirements for those undertaking an
EIA. These would be underpinned by the commonwealth EPBC
Act 1999, through the water trigger and the identification of
MNES that offer protection for significant water resources
within the States. Thus, gradually bringing the legislation
more in line with the federal harmonisation policy and
delivering similar outcomes as those in QLD, although using
a different governance framework. A summary of actions,
policies and legislation modified in NSW over the last decade
to account for CSG activities and potential impacts on water,
the environment and communities are highlighted in Table
3-2. Many of these actions were achieved through
the insertion of Federal policy guidelines and legislation95
into State legislation since 2012.

• o
 n or under land in and within 2km of a residential zone or
future identified residential growth areas; and
• on or under land which is a Critical Industry Cluster (CIC).90

By March 2014, the NSW government applied a ban91
on CSG exploration licenses, and bought back a large number
of licences, with only one major CSG drilling proposal
remaining in the state's north-west (Grattan Institute, 2014).
This negative view would ultimately compound the energy
(gas) supply issues and create political fallout in regard to
electricity pricing and power uncertainty within the State.92
An issue as yet unresolved despite warnings from
the Australian Energy Market Operator (AEMO), gas suppliers
and energy generators. Leaving NSW and the rest of the
eastern States energy grid vulnerable to rapid price increases
and potential blackouts during peak periods (AEMO, 2017).
As a point of resolution to these on-going issues, it has been
suggested that rather than developing individual legislation
for each element of the CSG industry it may be appropriate
for NSW to take a similar approach to that established in
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The CSG Industry, Environmental and
Water Law Reforms in QLD

4.1. Introduction
While the other states have banned, or impeded industry
development based on the response from affected
communities and landholders, QLD, in contrast to other
states, continues to support the CSG industry due to
the potential benefits delivered to the State. While other
states in the eastern states’ gas network introduced
moratoriums or bans, growth in CSG exploration and
production in QLD were encouraged by the State. In 2000,
the QLD government mandated that by 2005, 13 per cent
of all power supplied to the state electricity grid would be
generated by gas and this would increase to 15 per cent by
2010, and 18 per cent by 2020 (Geoscience Australia, 2016).
This support set the stage for the rapid expansion of CSG
extraction and the development of a massive LNG export hub
in Gladstone, although mandatory excision of gas to satisfy
the domestic gas market was not introduced (as had been
the case in Western Australia).96 This section will first review
the early legislation that applied to gas developments;
Second provide an assessment of the environmental
legislative framework in QLD as it applies to the gas industry;
and third provide an overview of the adaptive environmental
management (AEM) adopted in Queensland for large scale
natural resource projects.

4.2. The LNG industry in QLD – legislative beginnings
The Queensland Government in 2011 adopted an AEM
framework for the regulation of activities such as petroleum,
geothermal and greenhouse gas storage.97 Prior to this
enactment, various legislation, regulations and policies
covered different aspects of petroleum industry and its
impact on water security, environmentally sustainability
and communities. In particular the disparate environmental
legislation98 that operated in QLD, that covered the CSG
industry at that time, was essentially a mosaic of many
parts of the legal system and operates at distinct levels
of government. These are interlinked, forming (an often
confusing) safety net with an emphasis on protecting the
environment (McGrath, 2011).
Exploration for conventional oil and gas in QLD dates to
the 1960s,99 with Queensland’s governance of the industry
being informed by experiences in conventional gas and oil
activity and latterly the CSG industry.100 The industry was
legislatively managed under the Petroleum and Gas Act (Qld)
1923 (PG Act) and regulated under the Petroleum Regulation
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Act 1966.101 As the gas industry developed, more specifically
the CSG industry showed signs of promise, amendments
to existing legislation and regulatory procedures were
required to satisfy: a) changes in technology and extraction
methodologies; and b) issues raised around environmental
impacts and sustainability (Coles, 2018).
Revisions of the PG Act and associated regulations were
subsequently aligned to the Mineral Resources Act 1989
and the tightening of legislation around environmental
protection.
As discussed previously, during the early 1990’s the drive
for environmental protection and sustainability was being
generated at both international and federal levels with
Australia’s signature of the United Nations Convention on
Biodiversity in 1992.102 The Convention imposes extremely
wide and important obligations on Australia to conserve
biodiversity in both terrestrial and marine ecosystems though
Article 8.103 Signing the convention was a precursor to
the introduction of the Inter-Governmental Agreement on
the Environment (1992)104 and the associated NSESD105 that
provides broad strategic directions and a framework for State
governments. The policy, enacted through the EPBC (Cth)
Act 1999, provides overarching federal legislation that was
incorporated into the state Environmental Protection (EP)
Act (Qld) 1994.106
Large-scale development of CSG in QLD began in 1996
and with the rapid expansion in exploration and reservoir
identification. Further exploration, identified that QLD had
enough reserves to deliver massive amounts of LNG into
the global export markets, would require both an LNG export
terminal and extensive gas infrastructure. Critical issues,
given the large area affected, number of communities and
landholders involved, and that the major shipping route
would need to pass through the Great Barrier Reef Marine
Park (Coles, 2018). This applied enormous pressure on
the government to create a policy and legislative framework
that would allow for this rapid expansion. As the CSG industry
was using innovative technologies and developing in areas
not previous explored for extractive gas purposes, fit for
purpose legislative and regulatory reforms were required
(Coles, 2018).
The government formulated and approved the Water Act
2000 (QLD)107 and the Petroleum and Gas (Production and
Safety) Act 2004 (PG Act 2004).108 The industry was regulated
under the Petroleum Regulation, 2004, further tightening
the regulatory aspects of environmental protection,
water management109 and monitoring associated with the
industry.110 While initially providing focus for the industry,
owing to the rate at which the industry and associated issues
grew, additional reforms were required to deal with the
changing environment and markets in which the CSG industry
operated. The Queensland legislation and administering
departments as it applies to the CSG industry is given in
Table 3-3 (below) with later legislation and amendments given
in Table 3-4.

4.3. A daptive environmental management: Queensland’s approach to regulating the
unconventional gas industry
The CSG-LNG operations in Queensland were subject to
environmental and other laws to minimise their impacts,
including stringent monitoring111 and compliance regimes,112
but there remained doubts within the local communities (and
other groups)113 as to whether the long-term or cumulative
impacts are dealt with adequately. The QLD government
continued to modify its position on the gas industry
promoting its environmental (and pro-industry) credentials
through the introduction of the Blueprint for the Gas
Industry in 2009 (DEEDI, 2009). During the time of the launch
Premier Bligh articulated that ‘the right balance needed to
be achieved’ and that the ‘environmental and community

Legislation

Department

concerns’ needed to be addressed.114 A similar sentiment to
that echoed in NSW 5 years later.
While the focus in QLD over the past two decades has been on
developing the CSG industry, there has been extensive, often
ad hoc development of legislation to deal with controversial
CSG issues as they arose including: overlapping tenements
(Zillman & Atkinson, 2002), impacts on groundwater and
aquifers, water security (Walton, 2013), and conflict with
strategic cropping and land access issues (Qld Government,
2010a).115 Consequently, the industry is now regulated by at
least six government departments and seven main pieces of
legislation (Walton, 2014) (Table 3-3 & Table 3-4).
An alternative responsive process was sought by the QLD
government that could incorporate the legislative
amendments, be flexible, address widespread concerns, and

Purpose

Petroleum and Gas
(Production and Safety) Act
Qld – Department of Natural
2004 and the Petroleum Act
Resources and Mines
1923 and Water Act 2000 (s 479)

To regulate petroleum and gas exploration tenures, safety,
production and pipelines. In particular tenure approvals
and dealings; regulation of the land access framework;
coal seam gas compliance unit and cumulative
assessment of impacts on groundwater.

Water Supply
(Safety and Reliability)
Act 2008

Qld – Department of Energy
and Water Supply

To regular the quality of drinking water where
production has an impact on the drinking supply for
an urban community.

Gasfields commission
Act 2013 and the State
Development and Public
Works Organisation Act 1971

Qld – Department of State
Development, Industry and
Planning

To improve sustainable co-existence between landowners,
regional communities and the onshore gas industry.
The office of Coordinator General is responsible for
assessing and approving major projects under the State
Development and Public Works Organisation Act.

Public Works Organisation Act
1971 and Water Act 2000
(Ch 3)

Qld – Department of
Environment and Heritage
Protection

To provide for environmental and groundwater
regulation for the industry. The department assesses
the environmental impacts and issues an environmental
authority.

Petroleum and Gas
(Production and Safety)
Act 2004 and
Forestry Act 1959

Qld – Department of National
Parks, Recreation, Sport and
Racing

To regular the use of State land eg State forests.

Environment Protection and
Biodiversity Conservation Act
1999

Cth – Department of
Sustainability, Environment,
Water, Population and
Communities

To protect and manage matters of national
environmental significance including water resources.

Source: Various government agencies and publications, specifically the Queensland Competition Authority, Coal Seam Gas Investigation (July 2013)
Table 3-3 Queenland Legislation pertaining to Unconventional Gas (after Walton 2014)
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allow the industry to grow. AEM has traditionally been applied
to complex environmental problems where the impact or
management of activities are unknown or have a high level
of uncertainty (Gregory et al., 2006). The core of the concept
is “learning by doing” in which activities are monitored and
assessed against a set of criteria to determine their likely
impact over time, and where ecological resilience uncertainty
exists. However, for an AEM to be effective it requires
the establishment of clear objectives, appropriate
performance indicators, monitoring metrics and criteria for
evaluation or response (Swayne, 2012).
The regulatory framework is required to be sufficiently
flexible and responsive to allow the agency with oversight
to modify its regulatory approach in response to the data,
feedback, compliance reporting and conclusions established
through AEM (Allan, 2007). Furthermore, to date, AEM does
not have a particularly strong track record (Gregory et al.,
2006), so it is of interest that the government should adopt
such a strategy for an emerging industry like unconventional
gas. The QLD government’s AEM approach is touted as a full
system evaluation which allows the government to monitor
the industry and instigate change where required.116
At the same time as QLD was implementing its CSG policies,
the Australian Government was implementing new policy and
legislation through: a) The National Partnership Agreement;
b) National Harmonisation Regulatory Framework for Natural
Gas from Coal Seams; and c) Multiple Land Use Framework,
and amendments to the EPBC (Cth) Act.

4.4. H
 ow effective is the adaptive management
strategy?
While AEM is not a decision-making framework it provides
the basis for making informed decisions and assessing
the effectiveness of the risk management strategies
(including an Environmental Management Plan)117 in place for
an activity or project (e.g. pipeline construction). A successful
AEM regime will require the government to devote significant
resources to monitoring, reporting and analysis to provide
the necessary institutional capacity to deliver the CSG AEM
strategy (Jones, 2009). Part of this cost was offset under
the NPA with the federal (or Commonwealth) government
contributing A$18.5M (Table 3-1) to assist QLD in introducing
best practice through the Harmonisation Framework.
The NPA and amendments to the EPBC Act by the
Commonwealth (including the water trigger), create impetus
for reforms in QLD, whose government, as a signatory, was
legally obliged to respond (Coles, 2018).
The state government subsequently introduced legislative
amendments such as the Mineral and Energy Resources
(Common Provisions) Act 2014, Environmental Offsets Act
2014 and the Water Reform and Other Legislation Amendment
Act 2014 (WROLA Act), in an attempt to achieve greater clarity
and harmonisation within government departments and
between industry developers and community groups.
To further aid the government in this quest, in 2015 it

Actions

Policy and legislation amendments (2000-16)

Banned use of BTEX chemicals.
Blueprint for LNG development in Queensland launched in
2010.
Queensland adopts “adaptive management” approach
to manage environmental issues related to fracking to
enable best practice to be implemented as technologies
to develop (July 2011).
A total ban on underground coal gasification (UCG) was
introduced in Queensland in 2016. The moratorium also
applies to the in situ underground gasification of oil
shale.

Queensland Gas Supply and Demand Action Plan (2016).
Coal Seam Gas Water Management Policy 2012.
Blueprint for Queensland’s LNG Industry (2009).
Environmental Offsets Act 2014.
Environmental Protection Regulation 2008 (Amended).
Mining Amendment 2013.
Mineral and Energy Resources (Common Provisions)
Act 2014.
Mineral Resources Act 1989. (Amended).
Water Reform and Other Legislation Amendment Act 2014
(WROLA Act).
Regional Planning Interests Act 2014.
The National Gas (Queensland) Act 2008.
Energy and Water Ombudsman Act 2006.
Water Supply (Safety and Reliability) Act 2008 (Qld).
A framework for the next generation of onshore oil and
natural gas in Queensland 2016.
Mineral and Energy Resources (Common Provisions)
Regulation 2016 (enacted July 1, 2017).
Vegetation Management (Reinstatement) and Other
Legislation Amendment Bill 2016 (Reinstatement Bill).

Table 3-4 Actions and Policy changes undertaken in relation CSG and LNG industry development, export and management in QLD
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launched the Queensland Gas Supply and Demand Action
Plan that is aimed at reinforcing Queensland's status as
a leading jurisdiction for on-shore gas supply, market
development and demand issues. However, there is now
a complicated set of legislative requirements to be applied
in conjunction with a series of statutory guidelines and QLD
Government policy documents (See Table 3-3 & Table 3-4).
The actions, policy initiatives and regulations amendments
undertaken by the QLD government are intended to
facilitate the development of the CSG-LNG industry and allay
community, landholder, water security and environmental
concerns (Coles, 2018). While considerable angst was
generated around CSG activities, the QLD government
has demonstrably focused on the facilitation of LSNR gas
extraction and export projects, promoting the benefits likely
to accrue and downplaying the potential negative impacts
associated with these massive developmental projects.
Successive governments have tried to introduce greater
fairness in terms of respecting existing land tenure
(ownership) and water rights under which the resources are
located, by the introduction of legislation and regulatory tools
to provide guidance to both affected parties and
the developing industry. In taking the AEM route, Queensland
has played devil’s advocate in that, on the one hand they are
providing the framework for development, and on the other
the opportunity for grievances to be addressed by affected
parties (Coles, 2018). However, given the complexity of
the current system and the lack of information or hard
scientific data on the longer-term impact of the CSG industry,
the consequences of such actions are yet to be determined.

05

The CSG Industry-are we taming the Genie?
This analysis highlights the land, energy and water security
issues that States in Australia have grappled with in the last
two decades as the CSG industry rapidly expanded, covering
vast areas of the states of NSW and QLD (EDO NSW, 2014).
How this expansion has created conflict between landholders,
farmers, communities and industry investors when they are
faced with inadequate governance measures, poor legislation,
limited cross-departmental policies and no avenue for
consultation. In accounting for the differing approaches to
CSG development and regulation adopted by the two eastern
states, it is worth noting that the CSG industry in QLD has
been operating since 1996. Unlike NSW, it had 15 years to
develop a planning and regulatory process for CSG/LNG,
encouraging investment in a massive CSG/LNG export facility
within the State. While the NSW government, consumers and
industry were blindsided by the rapid expansion associated
with the CSG industry, a similar story was being played out
a at the national level, with the federal government illequipped to deal with the size and pace of CSG resource
developments, left with deploying inadequate governance
strategies to cope with these complex multifaceted issues.
These included managing disgruntled landholders, polarised
communities, water security and biodiversity concerns, loss
of prime agricultural lands and if left unresolved, a looming
energy crisis, particularly in NSW (Coles, 2017).

5.1. Outcomes of the reforms adopted in NSW and QLD
The adoption of the AEM framework provides avenues in
QLD for affected parties to settle disputes, regulation of the
industry, and for defining appropriate compensation.
The supporting framework provides for long-term
environmental monitoring that will provide subsequent
governments with more informed evidentiary based options
when dealing with large scale natural resource developments.
The CSG AEM strategy adopted in QLD and latterly espoused
by the national gas harmonisation framework, is viewed as
a constructive way forward in LSNR development. As each
new and emerging issue is identified, the risks are evaluated,
and decisions are supported by a strong compliance and
enforcement framework. The associated risks are assessed
through information collected on industry developments,
innovation, public submissions and data made available
through compliance reporting. This system allows the
government to monitor the industry, instigating changes when
required, and allow industry best practice, water security
measures and environmental management strategies to be
integrated and implemented as new technologies develop.
However, in NSW, the signing of the NPA and implementation
of the Harmonisation Framework through the SEPP Act 2007,
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PO Act 1991, the creation of the EPA, the reinforcement of
the Water Management Act 2000 (NSW), and the strengthening
of the SLUP through sustainability legislation led to
the almost complete cessation of CSG activities in that State.
This approach, as discussed, had the unintended
consequences of limiting gas supplies in NSW at the exact
moment that its supply contracts were due to expire, export
opportunities where high and alternative domestic sources
were being redirected, resulting in the ramping up of the
domestic gas and electricity prices at a time when demand
was increasing. This left the public, given the high-profile
negativity surrounding the environmental, arable land and
water resources impacts coupled with limited financial
returns to the State, in a quandary about what exactly were
the benefits of CSG.
More latterly, there has also been disquiet voiced around
increased gas and electricity prices foretold in 2012 and
beyond (Cassidy & Kosev, 2015). Household electricity
prices in eastern Australia, as of June 2017, have more than
doubled over the past decade. Since 2007, this has been
driven by network costs and, most recently, generation costs
due to high gas prices.118 While power prices have indeed
fluctuated and generally increased in NSW in 2016-2018,
there has been considerable apathy (at a national level in
particular) in developing definitive policies, that considered
the environmental, climate and water security implications
to counter this trend, even though the natural resources,
energy capacity and investment opportunities have been
available. A national inquiry was launched into electricity
pricing, and focussed on domestic gas supplies in particular,
with the federal government announcing a National Energy
Guarantee (NEG) in late 2017, with a public consultation paper
released in 2018 (ESB, 2018).119 The energy security board
(ESB) suggested that the NEG could be implemented through
amendments to the Australian Energy Market Agreement
(AEMA), the National Electricity Law (NEL) and the National
Electricity Rules (Rules). By establishing a rule change
process, the NEG if agreed and implemented, could be refined
over time without the need for disruptive large-scale reviews
(ESB, 2018).
Power failures in South Australia and shifting federal policies
in regard to Climate Change120 precluded investment in
renewables and potentially large-scale gas power stations,
affecting gas exploration and domestic supplies, and
ultimately the price of energy in the eastern states.
In the last two years, international markets have skewed
the development and income generated from the large scale
CSG-LNG export projects, having detrimental effects on
the eastern states gas and energy markets (AEMO, 2017).121
In this context, the benefits of the CSG industry are yet to
materialize, and volatility in gas prices (globally) has created
uncertainty around whether the promised benefits, through
royalties, jobs and taxes will be delivered.122 Benefits, that
were fast disappearing, almost as quickly as they were
discovered.123
Whether those affected communities are likely to be
compensated now and into the future is a mute-point.
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Australian gas continues to flood into Asia markets, due
to contractual obligations, resulting in a regional glut and
depressed international prices. Gas that was being redirected
from domestic market, and thus resulting in skyrocketing
prices in eastern Australia, prompting outcries for greater
government intervention.124 At the same time, Australian Gas
and Light (AGL) suggested it was considering re-importing
gas from Japan to overcome steep price increases (this was
comprised of the gas Australia had originally contracted to
export!). An idea that gained some credence when the federal
government suggested support for gas swaps to ensure
domestic supplies.125 There was now pressure mounting on
State governments to lift bans on gas exploration, particularly
from South Australia, the most affected state in terms of loss
of power and limited options. There are also calls for
a national domestic gas reserve policy, an option legislated in
Western Australia.126
In 2018, the coalition Australian Government acted on
the Chief Scientist’s recommendation that new measures
are needed to improve reliability and investment certainty
in the electricity sector by introducing the National Energy
Guarantee127 as a strategy to encourage harmony across
the States, gas suppliers, electricity providers, landholders,
and consumers; but also, to manage fluctuations in both
the domestic supply and energy prices. However, this policy
initiative did not have widespread support within its own
party, the cross-benches or Labor opposition, let alone
all the states that may be affected.128 Nor did it consider
environmental, land and water security issues, while also
attempting to address climate change and Australia’s
international commitments. Ultimately the NEG policy,
resulted in another change of Prime Minster in Australia,
with Malcom Turnbull resigning from parliament on 31
August 2018. The policy was later abandoned.

5.2. U nconventional Gas- Reflection and Lessons
Learned
But what did Australia really gain from this recent ‘bonanza’?
What are the benefits and the lesson learned? This will largely
depend on the policy and regulatory setting at both State
and Federal levels in Australia. In regard to the CSG industry,
Queensland has demonstrated that decision-making needs
to incorporate the precautionary principle with authentic
adaptive management and that CSG extraction using fracking
technologies can be undertaken safely using best operating
practice. The deliberations between conflicted parties
demonstrated the utmost importance of communication,
providing direction in the debate, the effect of multi-interest
representation and in clearly defining the objectives, benefits
and intent of new and far reaching legislation. If the policy
objectives in themselves are not fully comprehended by
the target audience or are too vague so as to have multiple
interpretations, then implementation and acceptance of
the policies becomes much more difficult. Indeed, the NSW
Chief Scientist noted in the 2014 compliance report that there

were considered to be six high-level principles
for regulatory best practice: Certainty,
Openness, Transparency, Flexibility (risk and
outcome-based), Practicality and Efficiency
(NSW Chief Scientist & Engineer, 2014).
In reviewing the multi-faceted effect of policies
and legislation on an emerging industry
and the future prospect of a Nation, it is
noteworthy that each of the main agreements
on the industry development, water resource
management and environmental protection
have taken place against a federal setting that
has continued to evolve (Kildea & Williams,
2010). This review has demonstrated the value
of providing structure, certainty and that much
needed governance reforms are necessary to
engender co-operation and provide security to
the broader community, for the environment
and investors in large-scale multi-decadal
natural resource projects.

The deliberations
between
conflicted parties
demonstrated the
utmost importance
of communication,
providing direction
in the debate,
the effect of
multi-interest
representation and
in clearly defining
the objectives,
benefits and
intent of new
and far reaching
legislation.

However, by 2016 there was no ‘nationally
consistent application of leading practices
for the regulation of industry activities’ (EDO,
2016). More importantly, broad consultation,
inter-governmental cooperation and
political will is essential if the community’s
expectations regarding regulation of
the unconventional gas industry are to be met.
To this end, it remains to be seen, if the
State and Federal governments in pinning their actions and
gambling their integrity on the various approaches adopted in
QLD, (AEM), NSW (Regulatory Framework), or Federally (NPA),
and trusting that these governance mechanisms are flexible
enough to manage any adverse environmental impacts, may
prove to be hopeful at best, and environmentally destructive
at worst.
Furthermore, this case study has demonstrated that
a structured approach to policy development that provides
fact-based scientific information as evidentiary support is
required to assist, communities, the industry and the media,
in appreciating balanced land use when envisioning the
development of a new and emerging industry.
A policy approach that on the one hand rewards the industry
and on the other hand protects local community interests,
landholders, water security and environmental values.
A flexible integrative governance framework that addresses
the broader co-benefits, losses and accrued impacts of largescale multidecadal natural resource developments.
A vision that is necessarily long-term, based on flexibility,
but is robustly defined and supported by co-ordinated
government actions.
These pressures lead to the gritty political economy question:
‘how are natural resources defined and managed, and for
whose benefit?’ Answering this question requires careful
analysis and underpins the nature and uncertainty of what
determines a sustainable resource, and how a trade-off is

quantified, against a backdrop of satisfying
short to medium term energy demands at
the expense of long-term water security and
food productivity. In addition, this analysis
has shown that by applying ‘nexus’ thinking
to legal instruments and governance issues
in resolving the trade-off between food,
water and energy security, we can encourage
the development of resilient land and water
security management strategies that support
balanced land use and shared natural resource
outcomes.

This analysis has also shown that there
is a requirement to establish appropriate
governance frameworks that are
inter-operable and flexible at both State
and Federal levels. That the unconventional
gas industry (or any industry development)
needs to be accountable to the public and
landholders, deliver quantifiable benefits
(including energy), and ensure long-term
water security and environmental protection,
either through self-regulation or government
intervention. The loss of environmental
integrity, water resources and arable land,
the cost of which if unregulated would
be inestimable, and the impact multigenerational, need to be assessed against
the backdrop of energy security and climate
change policy. Without considering a nexus
approach to energy, food and water security governments
run the risk of creating poorly crafted legislation, disjointed
policies, discouraging investment and disenfranchising
communities.
In a timely reminder, a statement from the IEA on the way
forward for energy and governments of all political
persuasions:
“There is no single story about the future of global energy:
in practice, government policies will determine where we go
from here” (IEA, 2016).
While natural gas is still recognised as playing a key role in
the transition to a low-emission future, the size of this role will
depend on the pathway that the Australian energy industry
takes and the level of oversight and assistance offered by
governments of all persuasions.129 The new Australian
Government has now recognised that previous governments
of all political persuasions have been culpable for the
decade-long failure to effectively integrate energy, water and
climate policy, creating uncertainty in the market, affecting
investment decisions and therefore both price and security.
As result, indecision has driven consumer unrest, landholder
disillusionment, failure to guarantee food and water security,
industry reluctance to invest and policy inertia, creating
an uncertain future in a time of changing climate, when
strong leadership, long-term vision, and political certainty is
required.
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Notes
1.

Natural gas supplies 22% of the energy used worldwide, and makes up nearly a quarter of electricity generation, as well
as playing a crucial role as a feedstock for industry. Natural gas is a versatile fuel and its growth is linked in part to its
environmental benefits relative to other fossil fuels, particularly for air quality as well as greenhouse gas emissions.
However, the competitive landscape is formidable, policy pressures can evolve rapidly, and gas infrastructure is not cheap.
https://www.iea.org/topics/naturalgas/ (accessed 3 July, 2018).

2.

Natural resources that are classified as 'unconventional' are those that require 'greater than industry-standard levels of
technology or investment to exploit'. Geoscience Australia, 'Unconventional Petroleum Resources'.
http://www.ga.gov.au/scientific-topics/energy/resources/petroleum-resources/unconventional-resources (accessed July, 2018).

3.

Unconventional gas resources include natural gas found in coal beds (CSG), in shale (TSG), low quality reservoirs (tight gas), or
as gas hydrates. CSG is almost pure methane; conventional gas is around 90 per cent methane with ethane, propane, butane
and other hydrocarbons making up the remainder.
https://www.csiro.au/en/research/energy/hydraulic-fracturing/what-is-unconventional-gas (accessed July, 2018).

4.

International Energy Agency (IEA) announced that the long-term global proven recoverable gas reserves stood at 216 trillion
cubic metres (tcm) at the end of 2014; https://www.iea.org/topics/naturalgas/ (accessed July, 2018).

5.

There is particularly strong opposition to CSG activities from local community groups in NSW, QLD and Victoria.
For example: ‘CSG Free Northern Rivers’ (Northern NSW); ‘Western Downs Alliance’ (Darling Downs, QLD); ‘Gippsland Action
Group’ (Central Victoria).
See map: http://www.lockthegate.org.au/find_supporter_groups (accessed July, 2018).

6.

Four Nationally and twelve across all States and territories.

7.

For examples see www.energyandresources.vic.gov.au/about-us/publications/Gas-Market-Taskforce-report ;
www.parliament.vic.gov.au/57th-parliament/edic/inquiries/article/1391;
http://www.chiefscientist.nsw.gov.au/reports; www.qca.org.au/Other-Sectors/Productivity/Completed-Reviews/Coal-SeamGas (accessed July, 2018).

8.

See http://www.abc.net.au/news/specials/coal-seam-gas-by-the-numbers/promise/; Coal seam gas: The explosive debate.
August 19, 2013. (accessed July, 2016). https://www.australianmining.com.au/features/coal-seam-gas-the-explosive-debate/
(accessed July, 2018).

9.

See http://www.economist.com/node/21556291.

10. See http://uk.reuters.com/article/asia-lng-supply-demand-idUKL8N1BJ03P.
11. Commonwealth of Australia Constitution Act 1900.
12. The global shift toward sustainability provided a gateway to reform environmental management, land use and the water
industry through the Council of Australian Governments (CoAG). Two mechanism, the Inter-Governmental Agreement on the
Environment (1992), and the National Strategy for Ecologically Sustainable Development (NSESD) (1992) that are the pillars of
environmental legislation in Australia today.
13. 1994 CoAG Water Reform Framework Agreement-CoAG meeting, Feb. 1994, Communiqué, Attachment A.
14. NSESD 1992- http://www.environment.gov.au/about/esd/publications/strategy/index.html.
15. Note that any underlying native title can coexist with other land title rights.
16. Offshore petroleum operations beyond designated state and territory coastal waters are governed by the Commonwealth
Offshore Petroleum and Greenhouse Gas Storage Act 2006 (OPGGSA).
17. For example, Hepburn (2015) notes in a submission to Victorian parliament that ‘deep-rooted schisms exist between the legal
and social perceptions of land ownership where minerals are vested in the State’ and highlights the need ‘for a comprehensive
delineation of the ‘access’ interface between land and mineral ownership.’
18. Environmental concerns connected with unconventional gas extraction are extensive. Concerns centre on potential water
pollution from fracking through poor well management and construction causing: i) fracking fluid contamination through
natural or induced fractures; ii) groundwater contamination after flow-back and iii) well casing failure causing direct aquifer
contamination.
19. Note that LNG has been exported from Australia since 1989, with the North-West Shelf Venture in WA exporting up to
16.3 mtpa.
20. The Murray-Daring Basin comprises the largest agricultural and irrigated area in Australia and is governed by the State of
Queensland, NWW, Victoria and South Australia, and the Australian Capital Territory.
21. Environment Protection and Biodiversity Conservation (EPBC) Act (Cth) 1999.
22. Water Act 2007(Cth).
23. The principles of ESD are set out in EPBC Act 1999, Vol. 1, Ch1. Pt1 s 3A. (a-e).
24. EPBC Act 1999, Vol. 1.Pt. 2 Ch. 3 Div 1.
25. Under s 51(xxix) of the Commonwealth of Australia Constitution Act 1900.
26. Under the UN Convention on Biodiversity (UNCBD) 1992, and the UN Framework Convention on Climate Change
(UNFCCC) 1994.
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27. Pursuant to the ‘Corporations Power’: NSW v Commonwealth (2006) 229 CLR 1 (the ‘Work Choices Case’); the ‘Trade and
Commerce Power’: Murphy ores Incorporated Pty Ltd v Commonwealth (1976) 136 CLR 1; [1976] HCA 20; the ‘External Affairs
Power’: Commonwealth v Tasmania (1983) 158 CLR 1 (‘Tasmanian Dams case’).
28. During the period between 1996-2012 the Commonwealth government was able to circumvent state objections and use heads
of powers granted to it under the constitution to initiate water law reforms through the EPBC Act 1999 (Cth),
EPBC Reg. 2000 (Cth) and Water Act 2007 (Cth).
29. National Water Commission Act 2004 (Cth) and came into force on 17 December 2004. The NWC was later decommissioned by
the Abbott government in 2013.
30. https://www.claytonutz.com/knowledge/2014/october/changes-to-water-management-in-nsw-more-flexibility-for-watertrades-and-clearer-controls As described in the Water Management Amendment Act 2014.
31. The program’s key priorities were i) Taking action on climate change; ii) Using water wisely; iii) Securing water supplies,
and iv) Supporting healthy rivers and wetlands.
https://www.environment.gov.au/resource/water-future-fact-sheet.
32. Created by the Australian government under the National Water Commission Act (Cth) 2004.
33. The Hon. Julia Gillard, MP, Prime Minister, 'New focus on scientific evidence to build community confidence in coal seam gas
and coal mining', Media release, 21 November 2011, p. 1.
34. This was later enacted under the EPBC Amendment (Independent Expert Scientific Committee on Coal Seam Gas and Large
Coal Mining Development) Bill 2012 [Provisions], after recommendations by the Senate Environment and Communications
Legislation Committee.
35. The water trigger allows the impacts of proposed CSG coal seam gas and large coal mining developments on water resources
to be comprehensively assessed at a national level. As a result of the water trigger, the Minister can set appropriate conditions
as part of the project approval to ensure that any significant impacts on a water resource are acceptable. The definitions of
CSG development and large coal mining development in the EPBC Act require the significance of the impacts of an action to be
considered with other developments, whether past, present or reasonably foreseeable.
36. EPBC Act, 1999. ss. 24D, 24E.
37. Whether or not an action is likely to be significant depends upon the sensitivity, value, and quality of the environment which is
impacted including other public benefit outcomes, or to create a material risk of such reduction in utility occurring.
It also depends upon the intensity, duration, magnitude and geographic extent of these impacts.
38. The water trigger legislation relies on two main heads of power under the Constitution. These heads of power are the power
to regulate constitutional corporations and to regulate trade and commerce.
39. The trigger only applies to CSG and is circumscribed in how it may be applied through the EPBC Act 1999, s.134. & s. 136 (2) (fa).
40. The National Partnership Agreement on Coal Seam Gas and Large Coal Mining Development (the NPA) was entered into
in 2012 between the Australian Government and state governments of Queensland, New South Wales, Victoria and South
Australia (the Parties).
http://www.environment.gov.au/water/coal-and-coal-seam-gas/office-of-water-science/npa.
41. Commonwealth government becomes involved only when projects could have a significant impact on MNES protected under
the EPBC Act. 1999, D2 S505C & 505D.
42. The MLUF does not propose changes in the existing accountabilities, roles and responsibilities of State and Territory
government agencies. The MLUF describes five desired outcomes, and eight general principles intended to achieve these
outcomes.
43. EPBC Act 1999, Sch 1. Pt 1 D3 ssFB s24D & 24E.
44. The Commonwealth government and the other parties to the agreement (The States) recognise that they have a mutual
interest in (a) the long-term health, quality and viability of Australia's water resources; and (b) the sustainable development of
coal seam gas (CSG) and coal mining industries, given their potential contribution to Australia's energy security and balance
of international trade.
45. https://www.environment.gov.au/water/coal-and-coal-seam-gas.
46. In accordance with the Intergovernmental Agreement on Federal Financial Relations, 2013 (Cth) Sch. D.
47. Although Australia signed the Paris Agreement on December 12, 2015, it was ratified and went into effect on 4 November 2016.
The first session of the Conference of the Parties (COP) serving as the Meeting of the Parties to the Paris Agreement (CMA 1)
took place in Marrakech, Morocco from 15-18 Nov. 2016.
48. On 12 November 2015, the Senate resolved to establish the Select Committee on Unconventional Gas Mining inquiry on the
adequacy of Australian legislative, regulatory and policy framework for unconventional gas mining including CSG/TSG.
http://www.aph.gov.au/Parliamentary_Business/Committees/Senate/Gasmining/.
49. http://senatorlazarus.com/csg-inquiry/.
50. Landholders' Right to Refuse (Gas and Coal) Bill 2015. The bill proposes to a) make gas or coal mining activities undertaken
by a constitutional corporation without prior written authorisation from landholders unlawful, and b) ban constitutional
corporations from engaging in hydraulic fracturing operations for coal seam gas (CSG), shale gas and tight shale gas (TSG).
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51. CSG activities in NSW are regulated under the Petroleum (Onshore) Act 1991 (PO Act), Protection of the Environment Operations
Act 1997 (POEO Act). and the EPA Act 1979. In addition, CSG activities are required to comply with the EPBC
Act 1999 (Cth), and the Water Management Act 2000, in NSW.
52. Water Rights Act 1896 (NSW). Note the Water Act 1912 and the Water Irrigation Act 1912 remained in force for nearly 88 years
until being repealed in 2000, by the introduction of the Water Management Act 2000 (NSW), such that: ‘The Act to be repealed on
the whole commencement of Sch 7, to the extent that it applies to this Act, to the Water Management Act 2000.
53. Artesian Wells Act 1897 (NSW), the Water Rights Act 1902 (NSW) and the Water & Drainage Act 1902 (NSW).
54. Water Act 1912 (NSW). An Act to consolidate the Acts relating to Water Rights, Water and Drainage, Drainage Promotion,
and Artesian Wells.
http://www.legislation.nsw.gov.au/#/view/act/1912/44.
55. Irrigation Act 1912 No 73. Led to the formation of the Water Conservation and Irrigation Commission in 2013.
Later repealed by the Water Management Act 2000.
56. Commonwealth of Australia Constitution Act 1900 (The Constitution), came into force on 1 January 1901.
57. RMWA (1914) was negotiated by the Commonwealth, New South Wales, South Australia and Victoria, and implemented by
legislation in each jurisdiction in 1915. The RMWA addressed issues raised by downstream States in regard to river flows,
was operational for 70 years, and is notable in that it was the ﬁrst intergovernmental water agreement in Australia.
58. These tended to cover the associated issues of water conservation, irrigation, water rights and water supply as these
jurisdictions are at times inextricably linked.
59. The MDB States are QLD, NSW, ACT, Victoria and South Australia.
60. NSW Clean Water Act 1970 No 78. An Act to make provisions with respect to the prevention or the reduction of pollution of
certain waters; and for purposes connected therewith. The Act was repealed by Sch 3 to the Protection of the Environment
Operations Act 1997 No 156 with effect from 1.7.1999.
http://www.austlii.edu.au/au/legis/nsw/repealed_act/cwa1970131/. Defines “waters" to mean any river, stream, lake, lagoon,
swamp, wetlands, unconfined surface water, natural or artificial watercourse, dam or tidal waters (including the sea),
or part thereof, and includes water stored in artificial works, water in water mains, water pipes and water channels, and any
underground or artesian water, or any part thereof.
61. “The concept of biodiversity emphasises the interrelatedness of the biological world and the importance of those
interrelationships in maintaining diversity. It covers the terrestrial, marine and other aquatic environments such as rivers,
streams, wetlands and groundwater systems.”
Commonwealth of Australia (1996). National Strategy for the Conservation of Australia’s Biodiversity.
http://chm.environment.gov.au/strategy/.
62. “The concept of an environmental flow includes (but is not limited to): the volume or water over some time base; velocity of water
in channel; duration of flow events; water-level; natural and human induced variation flows on an annual and longer time scale;
need for pulses of high flows (e.g. to stimulate fish breeding); and the rate, of change of flow”
Cullen, P. (2011). This Land Our Water. ATF Press, Adelaide, Australia.
63. Along with further Amendments to Act in each year between 1976-81, 1983-86, and 1988.
http://www.legislation.nsw.gov.au/#/view/act/1912/44/history.
64. Environmental Planning and Assessment Act (NSW) 1979, Part 1, s 5 a (i), (vii).
65. Ibid 1979, Part 1, s 5 c.
66. The Water Administration Act 1986 creates the Department of Water Resources in NSW.
67. The Catchment Management Act 1989 seeks to "Identify and rectify natural resource degradation and to promote the
sustainable use of natural resources" and introduced the concept of catchment management plans (CMP’s- that later evolved
into Water Sharing Plans), and Catchment Management Authorities (CMA’s).
68. This ACT constituted the Environment Protection Authority of NSW in 1991.
69. The Decade of Land care policy was launched in Wentworth (NSW) by the then Prime Minister Bob Hawke, as a motivating
force to tackle land degradation, using a process that relies heavily on local community groups, within a framework that
recognised the responsibilities of the Commonwealth, state and local governments (DAFF, 1995).
http://www.bobhawkelandcareaward.com.au/bob-hawke-speech.pdf.
70. See NSESD.
71. A
 n Act to protect the environment; to replace other environment protection legislation; and for other purposes.
Replaced the Clean Waters Act 1970.
72. A consequence of this Act was the creation of privatised irrigation corporations through the transfer of ownership and
operations of the irrigation areas and irrigation districts in NSW.
73. Water Management Act 2000, An Act to provide for the protection, conservation and ecologically sustainable development
of the water sources of the State, and for other purposes. The Act was subsequently amended in 2002, and 2004 after
consultation and litigation by disgruntled landholders and irrigators.
74. First introduced under the Catchment Management Act 1989.
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75. Ibid 2000. Ch. 3. s 3 (f);
76. Ibid 2000. Ch 3. s 3 (a-h);
77. In 2014 the Water NSW Act 2014 created the Water NSW which is now responsible for water in NSW. The Water Management
(Amendment) Act 2014 was also introduced to improve water security and water trading.
78. This was not the first case brought before the court in regard to WSP, WAL’s, and changes provided for under the WMA.
The constitutional challenge failed on the same basis as Arnold v Minister Administering the Water Management
Act 2000 [2010] HCA 3; (2010) 240 CLR 242 because the replacement of licences was not an acquisition of property under the
Australian Constitution.
79. The MBDA replaced the 1915 River Murray Waters Agreement (RMWA) in 1993.
80. Gas powered generation (GPG) is extremely useful in power generation systems undergoing emissions reduction, although
high gas prices in Eastern Australia, is challenging the economics of gas fired power against existing coal and some new
renewables. AEMO submission to the Finkel Review 2017.
81. Brad Hazzard MP, ‘NSW Government adopts rigorous strategic approach to regional land use planning’ (Media Release, 21
May 2011).
82. NPA, 2012; The Harmonisation Framework 2013; Amendments to the EPBC Act 1999 (Cth).
83. NSW Gas Plan 2014. Government of NSW.
84. SEPP ACT 2007 (NSW).
85. NSW chief scientist report 2014/12. Independent Report of Coal Seam Gas Activities in New South Wales, Final Report, 30
September 2014.
86. Ibid NSW Gas Plan 2014.
87. See Protection of the Environment Operations Act 1997 No 156. Sch 2A.
88. Andrew Stoner MP and Brad Hazzard MP, ‘Government Unveils New Protections for Agricultural Land’ (Media Release,
11 September 2012).
89. SEPP ACT 2007 (NSW) Part 4AA, Divs 1–5 (cll 17A–17U), Sch 1 [6].
90. EPDC Act 1999 (Cth), Act No. 47, V1, Ch2, Pt2, sd FB, (Registered 12 July, 2016).
91. A moratorium on CSG activities was recommended (No 35) by the NSW Parliamentary Committee that “no further production
approvals are issued until the deficiencies in the regulatory framework are addressed and a comprehensive, effective and
transparent regulatory regime is put in place.” (NSW Parliament 2012).
92. http://www.abc.net.au/news/2017-03-09/looming-gas-shortage-will-threaten-nations-power-supplies/8337204 (accessed
June, 2018).
93. Progress towards a national approach is ongoing through the NPA and The Harmonisation Framework. (Ch. 3).
94. Environmental Planning and Assessment Amendment Act 2017 (NSW).
95. Revisions of the SEPP Act 2007 (NSW) Sch 1 & Sch 2.
96. Western Australia introduced a domestic gas reservation policy in 2006, which requires new gas developments to supply the
equivalent of 15 per cent of their gas exports to the Western Australian domestic gas market, with the aim of maintaining
domestic gas prices below export parity.
97. Department of Environment and Heritage Protection. (DEHP) (accessed July, 2018).
https://www.ehp.qld.gov.au/management/non-mining/adaptive-management.html.
98. An “environmental legal system” is a suite of laws and administrative structures that regulates the impact of people on the
natural environment and quality of life in a particular jurisdiction or geographic area. See Fisher DE, Australian Environmental
Law. 2nd Ed, Lawbook Co, Sydney, 2010.
99. Note the oil and gas industry was initially regulated under the Petroleum Act 1923 (Qld), before being repealed by the
Petroleum and Gas (Production and Safety) Act 2004 (Qld), although not all aspects of the Act were to be extinguished as those
sections that pertain to native title in the 1923 Act are retained. One of the main catalysts for the introduction of the new
act in 2004 was the rapid expansion of Queensland's CSG industry. Therefore, it was not surprising that an entire chapter is
dedicated to this topic (in the Act), and a further corresponding chapter is inserted into the Mineral Resources Act 1989.
The 2004 Act also clarifies the relationship between petroleum tenements and mining tenements for minerals other than
coal or oil-shale. (see Zillman 2004).
http://www.allens.com.au/pubs/res/formay04.htm (accessed June, 2018).
100. Department of Natural Resources and Mines. 2014. Land and Mine Policy: Next generation of onshore oil and natural gas in
Queensland. State of Queensland.
101. Petroleum Regulation Act 1966 (Qld) Amended up to SL No. 122 of 1996. This Act was repealed in 2004 by the Petroleum
Regulation Act 2004 Ch 3. S 45.
102. United Nations Convention on Biological Diversity (CBD) 1992.
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103. UNCBD 1992. Article 8 In-situ conservation. (a, c-e, k).
104. Inter-Governmental Agreement on the Environment 1992- http://www.environment.gov.au/about/esd/publications/igae/
index.html (accessed July, 2018).
105. Ibid NSESD 1992.
106. Note: A bilateral Environmental Impact Assessment (EIA) is in place between the Commonwealth and Queensland involving
EIA processes linking EPBC Act to the Environmental Protection Act 1994 (Qld) for mining (and gas), State Development
and Public Works Organisation Act 1971 (Qld) for significant projects, and the Sustainable Planning Act 2009 (Qld) for other
assessable development.
107. The Water Act 2000 (Qld) was introduced following the Water Law Reforms introduced under the CoAG agreements in 1996 and
allows for the protection and sustainable use of water resources and linked to the PG Act 2004 (Ch 2, S188).
This was particularly important in linking water use and the CSG industry (which has significant impacts on groundwater and
generates produced water from gas extraction activities – particularly hydraulic fracking).
108. The revised PG 2004 Act provides for ESD (Ch 1 Part 2 S3 (1) a & i), compensation of owners (Ch 1Pt2 S3 (1) h) and Commercial
CSG production requires petroleum tenure (s 800).
109. Unlike water extracted by a landowner via a water bore, ‘associated or produced water’ is considered as a regulated waste in
Queensland, following the introduction of the Water Supply (Safety and Reliability) Act 2008 (Qld), s201A.
110. Ibid PG Act 2004 Ch1 Pt 3 D2 S15A; Ch2, Pt4, S185-187;
111. Ibid PG Act 2004 Ch2, Pt 5.
112. Ibid PG Act 2004 Ch10, Pt 1AA. & Ch 11.
113. See for example www.lockthegate.org.au/; and http://www.frackingfacts.com.au/blog/.
114. Queensland, Debates, Legislative Assembly, 17 September 2009, pp2395-2397.
115. Queensland Government, 2010. Protecting Queensland’s Strategic Cropping Land: A Policy Framework.
Department of Environment and Resource Management.
116. https://www.ehp.qld.gov.au/management/non-mining/adaptive-management.html.
117. See EP. Reg. 2008 (Qld), Sch.5.
118. https://www.energy.gov.au/sites/g/files/net3411/f/enr032-1017-powering-forward-brochure_faweb.pdf.
119. The National Energy Guarantee (Guarantee) is an opportunity to resolve some of the most vexing policy issues challenging
the National Electricity Market in Australia. As recommended in the Finkel review, Energy Security Board members are also
simultaneously exploring a range of other complementary measures including strategic reserve/s, demand response and day
ahead markets to ensure we have the operational flexibility we need in the rapidly changing electricity market.
120. Successive governments have established taskforces to examine climate policy, including the 2006 taskforce headed by the
then head of the prime minister’s department Peter Shergold, which recommended the Howard government introduce an
emissions trading scheme and two reports by professor Ross Garnaut to the former Labor government to inform its emissions
trading scheme, which the Abbott government repealed in 2014.
https://www.theguardian.com/environment/2015/mar/24/coalition-seek-advice-australia-post-2020-emissions-targets.
There has been additional redirections in climate policy that have created uncertainty in power generation options in
Australia leaving the nation with mismatch of resources, policies and ineffective energy grids.
121. Indeed, to forestall power shortages in late 2017, the NSW premier, Gladys Berjiklian planned to revert a court order to shut
down one of the biggest coal mines in the state as the mine is the main fuel provider to one of the biggest power plants in
NSW. The uncertainty about its closure helped spike the power prices in NSW.
https://www.sbs.com.au/yourlanguage/arabic/en/article/2017/10/09/nsw-government-prevent-potential-power-shortage
(access July, 2018).
122. https://www.smh.com.au/business/agl-energy-abandons-gas-production-and-exploration-20160204-gml73w.html (accessed
July, 2018).
123. https://www.sbs.com.au/news/origin-flags-533-million-impairment-hit ; https://www.afr.com/business/origins-360m-canaryin-the-coal-seams-20180208-h0vsg7 (access July, 2018).
124. Although in March 2017, the major east coast gas companies have given the Federal Government a guarantee they will make
gas available to meet domestic demands. There still remained uncertainty how this would be achieved.
http://www.abc.net.au/news/2017-03-15/gas-companies-guarantee-domestic-supply/8357376.
125. http://www.abc.net.au/news/2017-04-18/federal-government-considering-gas-swaps-deal-to-free-up-supply/8449462
(accessed July, 2018).
126. http://www.abc.net.au/news/2017-02-28/colin-barnett-to-eastern-states-copy-wa-gas-policy/8311950 (accessed July, 2018).
127. https://www.energy.gov.au/government-priorities/better-energy-future-australia (accessed July, 2018).
128. https://independentaustralia.net/politics/politics-display/barnaby-joyce-neg-coal-and-general-nutcase-stuff,11750
(accessed August, 2018).
129. https://www.aemo.com.au/Media-Centre/AEMO-has-released-the-2016-National-Gas-Forecasting-Report (accessed July, 2018).
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Acronyms- Abbreviations
ACCC		

Australian Competition and Consumer Commission

AEM		

Adaptive Environmental Management

COAG		

Council of Australian Governments

Cth		

Commonwealth

CSG		

Coal Seam Gas

EIA		

Environmental Impact Assessment

EMP		

Environmental Management Plan

EP Act		

Environmental Protection Act 1994 (Qld)

EPBC Act

Environmental Protection and Biodiversity Conservation Act (Cth)

ESB		

Energy Security Board

ESD		

Ecologically Sustainable Development

IEA		

International Energy Agency

IESC 		

Independent Expert Scientific Committee

LNG 		

Liquefied Natural Gas

MDB		

Murray Darling Basin

MNES 		

Matter of National Environmental Significance

mpta		

million tons per annum

NPA		

National Partnership Agreement

NSESD		

National Strategy for Ecologically Sustainable Development

NSW		

New South Wales

NWC		

National Water Commission

NWI 		

National Water Initiative

PG Act		

Petroleum and Gas Act 1923

QLD 		

Queensland

TSG 		

Tight Shale Gas
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Abstract
The world is patently becoming more urbanized and water resources less available due to climate change impacts and growing
demand. Cities in developing countries suffer more from water shortage and cope with by intensifying both conventional and
nonconventional production. As a result, water demand satisfaction has been concretely improved but the integrated water
resources management objectives are more often missed. The question is how relevant is the water demand satisfaction rate
in assessing water supply efficiency and subsequently the water management sustainability?
This paper argues that some urban features matter for water supply efficiency and aims to better understand the relationship
between them. Specific objectives are to (i) assess the water demand satisfaction rate and (ii) compare against a couple of
indicators characterizing the urban setting. Algiers is selected as the demonstrative case for this study.
Results show that (i) no indicator characterizing the urban setting would alone be able to describe the local water context and
(ii) water supply efficiency strongly depends on water resources availability and the demand level as well as on the urban growth
pattern that might aggravate if not engender water related risks.

Keywords
Algiers, integrated water resources management, urban growth pattern, water supply efficiency
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Introduction

How relevant is
the water demand
satisfaction rate
in assessing water
management
efficiency?

The world is patently
becoming more urbanized
and water resources less
available due to the impact
of climate change and the
growing demand. Cities in
developing countries in particular would be doubly vulnerable
as they mainly deal with water shortage by overexploiting
their resources and intensifying the production of both
conventional and non-conventional resources. Mainly based
on structural measures, the strategy would have negative
effects on the natural environment and the local resilience
face to water related risks. Thus, even though water demand
satisfaction has been (is being) concretely improved,
the integrated water resources management (IWRM)
objectives are often missed.1
Then the question is how relevant is the water demand
satisfaction rate in assessing water management efficiency?
Actually water issues are complex being that they are at
the crossroad of several urban skills, purposes and interests.
Indeed the water demand satisfaction does depend on
various indicators characterizing the urban setting (e.g. urban
density, urban design) and the water delivery capacities (e.g.
production, supply, storage). Therefore, any sustainable
urban design/planning processes should better reflect these
interconnected indicators as a first step in the perspective of

IWRM strategy. Accordingly, the urban pattern alternative is
to consider water as an integral part of the natural ecosystem
as well as a social and an economic goods controlling water
supply, wastewater and storm water systems.
Now during the period of this study IWRM principles would
not seem to be systematically translated into concrete
actions in local plans and governance practices (Bruce,
2005; Aroua, 2005). Furthermore, recent studies have shown
that the natural environment does still need (inter alia) for
proper knowledge to be transdisciplinary, action-oriented
and contextually defined in addition to an appropriate
institutional-professional arrangement in order to be
incorporated into urban projects (Ingegard, 2000; Wamsler et
al., 2013; Aroua, 2017).
It may give rise to concern about the water governance
process - including IWRM- in parallel with the water sensitive
urban design approach. Accordingly, this paper aims to
examine the relationship between the urban growth pattern
and the water supply efficiency. If that relationship is better
understood, urbanism could contribute to minimize its
impacts on the natural environment and subsequentely
preserve water resources and ecological processes’
sustainability.
The theoretical backgound of the study falls within the urban
ecology approach focusing on the sensitive relationship
between the natural and the urban systems (Forman, 2014;
Marzluff et al., 2008). The approach considers urban effects
as being strongly dependent on the urban growth pattern
designating either spatial sprawl, densification processes or
new urban settlement projects. The study does also refer to
the IWRM objectives related to water supply and access to
improved drinking water in particular (www.un.org).

Figure 4-1 Algiers location (After Agence Nationale d’Aménagement du Territoire 1989)
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Algiers integrates 57 urban municipalities within an area of
809,22km² where approximately 2,783,287 people lived at
the study time interval (1999-2002). The population grows
both naturally and through migration. About 6% of population
is in precarious position, living in decrepit social housing or
informal districts from the historical city centre and
the first periphery (After 1998 National Census). Indeed
the comparative high level of urbanization seems to be due
to both formal and informal processes progressively invading
the farmland and the no urbanizable risk areas.

Research Methodology
2.1. Urban Growth Pattern and Water Issues in the
Study Area
Algiers is a coastal city located in northern Algeria (Figure 4-1).
The latitudes and longitudes are 36° 46′ 34″ N, 3° 03′ 36″ E
respectively. The city has a Mediterranean sub-humid climate
impacted by contrary atmospheric flows from the Atlantic
(cold) and the Sahara (hot) alternatively. The annual average
temperature is about 12,8°C. Annual precipitation varies
between 600 and 800 mm/year. Within the urbanized area,
the water flow (surface water) is approximately 3489 hm³/year
of which about 35 to 45% are lost by evaporation as the local
hygrometry rate would be 88 to 90%.
As shown on Figure 4-1, local physical features include three
landscapes:
• t he plain named «Mitija», having an area 100km in length
and a width of 25km, about 135,000ha, low slope of 0 to 3%,
crossed by some permanent rivers.
• a set of hills named «Sahel», approximately 62,000 ha,
slope of 3 to 12% and altitude around 250m.
• a mountain chain named «Atlas», approximately 89,700ha,
altitude between 1,000 to 1,600m.

Actually, after Algeria’s independence (1962), the city of
Algiers has been roughly developed in three steps. The first
(1962-1980) was to densify and even overcrowd the original
medieval city and French colonial districts (dating from
the XIXth century) in addition to set the number of slums
(at present, the Government is pursuing a comprehensive
program to eradicate slums). These districts constitute
the very densely populated city centre (327,1 inhab/ha in
1998) albeit the population is nowadays declining. The second
(1980-1997) has been to extend (first periphery, 85,7 inhab/
ha in 1998) all around mainly in the form of social housing
projects impelled by the Government. The third step (1997 to
present) represents the ongoing spatial urban in the western
and southern areas of Algiers from both public and private
residential housing projects (second periphery, 17,2 inhab/ha
in 1998).
The urban growth pattern results from some housing
programs dealing with the demand pressure according to
the land availability rather than a development strategy
(Deluze, 1988). As shown in Figure 4-2, it does de facto
constitute the number of new dense residential hubs
generating additional water demand and wastewater
challenges within 50km radius in the city.2

Figure 4-2 Algiers urban growth pattern (After the National Office of Statistics 1998)
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At present, Algiers is continuing with its outward
expansion seemingly with neither a suitable urban water
sensitive strategy nor a sufficient plan to address/manage
environmental impacts. As a result, the city faces common
water related risks such as shortages, pollution, landslide and
flooding.3 In addition, since 1987, surface and groundwater
resources are being intensively extracted from neighbouring
water sub-basins.4 Till 1994, the drinking water supply has
been continually improved as hundreds of wells were drilled
in the south-western tables in particular (www.mree.dz.).
Groundwater was generally used for the drinking water supply
(domestic use) up to 70%. However, it is no longer the case
as Algiers experienced a dramatic decline in rainfall in 2001
and as a result, the Government implemented an emergency
program «Algiers Supply Security» (ASS) in order to fill
extremely urgent water needs.
The ASS program consisted in three processes. The first was
to transfer from nearby dams’ water up to 150,000m³/day,
the second was to mobilize non-conventional resources
and the third was to launch the «Plan Orsec-sécheresse».
Unconventional water resources were mainly obtained from
sea water desalination and supposed to cover about 5% of
Algiers water needs during the emergency crisis. The «PlanOrsec-sécheresse» is automatically implemented in times of
shortage as like the study time interval (1999–2002) giving
priority to the water drinking supply that could be scheduled
one day out of three if necessary. 5

2.2. Assessing Method
This paper focuses on the water supply efficiency as being
the demand satisfaction primarily while distinguishing
the global demand from the domestic demand. The main
objective of this work is to assess the water demand
satisfaction rate and compare it with a couple of indicators
characterizing the urban setting. The method is based on
data collection techniques as well as literature review and
interviews with representatives from the Government Agency
Algérienne des Eaux (ADE) which is in charge of the public
water delivery services and the Ministry of Water Resources.6
Quantitative data related to water demand and consumption
is drawn from the Ministry of water resources and the ADE
respectively. The data covers four years from 1999 to 2002
(Table 4-1). That period is ultimately more relevant to study
since water services were still managed by the Government
Agency.7 Furthermore, Algiers had faced a major water
shortage crisis during this period that resulted in
the establishment of the emergency supply program.
Therefore Algiers’ specific items have been captured from
the urban master plan and official social-economic statistics
from that time interval.
The study considers two demographic parameters:
• the population size (indicator I.1),
• the demographic growth rate (indicator I.2)

two urban parameters:
• the urban density (indicator I.3),
• the location from the centre (indicator I.4)

and two technical parameters:
• the networking rate (indicator I.5),
• the water infrastructure capacity (indicator I.6).

The

Figure 4-3 Algiers water supply perimeters (after ADE)
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Parameter

Indicator
1

Demographic

Urban

Technical

Municipality level

Supply perimeter level

Population (2003)

Quantitative (No of inhabit in 2003)

Calculated sum

2

Demographic growth level

Qualitative transformed into
quantitative value : Negative (-1),
Low to null (0), Medium to high (1),
High to very high (2)

Calculated average

3

Urban density

Quantitative (inhab/ha)

Calculated average

4

Urban growth step

City Centre (C), First periphery
(P1), Second periphery (P2)

5

Networking rate

Quantitative : %/municipality

6

Water infrastructure
capacities

Transfer capacity (T)
Storage capacity (S)
Distribution capacity (D)

After the location
Calculated average
After the location

Table 4-1 Calculation of SP indicators

Nb of
municipalities

SP

Population
(2003)

Domestic consumption

Total consumption

Networking
rate (%)

1999

2000

2001

2002

1999

2000

2001

2002

(l/inhab/day)

(l/inhab/day)

1-Rouiba

6

217665

86

51,01

50,52

40,60

39,97

51,67

67,71

58,37

57,37

2-Dar El Beda

3

260544

87

50,10

46,96

39,71

41,37

60,38

62,54

51,86

56,43

3-Alger-Est

5

329214

86

57,81

50,76

48,10

42,72

91,91

91,14

80,90

87,27

4-G. de Constantine

3

271775

95

57,20

54,62

50,64

39,51

67,55

66,57

60,72

47,45

5-Alger-Sud

3

201558

96

59,08

57,83

53,93

42,21

86,22

86,43

75,96

61,54

6-Alger-Centre

4

322957

100

42,00

40,67

33,42

29,40

75,66

75,50

57,24

55,69

7-Alger-Nord

6

299508

98

43,58

41,82

42,94

35,65

65,74

61,65

61,07

48,32

8-Alger-Ouest

9

336074

92

74,88

73,10

61,72

55,23

104,15

103,72

88,13

77,81

9-Cheraga

8

253432

81

54,65

49,60

47,44

53,18

97,62

86,50

86,27

87,88

10-Zeralda

6

158478

82

44,80

49,70

39,11

22,57

107,29

93,70

96,22

81,67

Σ =2651205

City average
=90

53,51

50,96

45,76

40,18

81,40

78,82

68,82

64,23

Σ = 53

Table 4-2 SP water consumption (After ADE)

Demographic indicators
SP

I.1

Urban indicators
I.2

I.3

Technical indicators
I.4

I.5

I.6

(Population)

(Dem. Growth trend)

(location)

(inhab/ha)

(Networking %)

(lowest capacities)

21765

0,5

P1

25,61

86

T–S

2-Dar El Beda

260544

1,5

C -P 2

22,97

87

-

3-Alger-Est

329214

0,5

P2

41,90

86

T

4-G. de Constantine

271775

1,0

C- P 1

200,03

95

T

5-Alger-Sud

201558

0,0

C

149,76

96

-

6-Alger-Centre

322957

-1,0

C

319,05

100

-

7-Alger-Nord

299508

0,5

C

313,05

98

-

8-Alger-Ouest

336074

0,5

P1–2

81,37

92

T-S

9-Cheraga

253432

1,5

P2

18,80

81

T-D

10-Zeralda

158478

0,5

P2

10,61

82

T

1-Rouiba

Table 4-3 SP characterizing indicators
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analysis is developed at the urban supply perimeter (SP)
level. As per Algiers there are ten urban SPs including 53
municipalities amongst 57 since four municipalities do selfmanage their local water services.8
The paper refers to the water demand as determined by
the Ministry of Water Resources according to the population
size on the one hand and the water consumption volume as
billed by the ADE on the other hand.9 Then some data needs
to be calculated as noticed on Table 4-1.
Table 4-1 lists the considered parameters (demographic,
urban, technical) with related qualitative and quantitative
indicators at the municipality level in addition to
the calculation method for designating the corresponding
SPs’ values.
The global volume consumed is fragmented so that
the domestic use (l/inhab/day) is distinguished from other
uses (irrigation, industry, administration).
As shown on Figure 4-3, each supply perimeter does
incorporate from 3 to 9 municipalities with variable
population and urban densities.
Table 4-2 lists SPs with corresponding number of
municipalities, population in 2003 and the networking rate
(%) compared with the total water consumption (l/inhab/day)
and the domestic water consumption (l/inhab/day).
Likewise, the largest and most populated SPs are located
in the first and second periphery. Table 4-3 compares
demographic, urban and technical indicators at the SP level.
The data provided designate the critical water context during
the study time period as the global volume of consumption
continually declined in parallel with the water production as
shown in Figure 4-3. However, Figure 4-4 shows that
the emergency supply program launched in 2001,
seems to have slowed down – but not restored completelythe consumption level whereas the number of subscribers has
remained comparatively stable (about 300000 during
the study time period after the ADE).10
After ADE, some municipalities were irregularly supplied
owing to the lack of either transfer, storage or distribution
local capacities. The lack of transfer capacities has been more
significant in the western and south-western regions, while
the lack of storage capacities has been more significant in
the eastern and southern regions. However, after the ADE
the gap was going to be filled shortly.
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Figure 4-4 Evolution of water consumption 1999-2002 (After ADE)

The average water consumption in each SP is appreciated
against the city average (9) during the study time period (See
Table 4-2). Accordingly, three groups could be distinguished:
• S
 P with global volume of consumption below the city
average: SP 1 – 2 - 4 – 7.
• SP with global volume of consumption roughly equivalent to
the city average: SP 5 - 6.
• SP with global volume of consumption beyond the city
average: SP 3- 8- 9- 10.

The notable difference between the global volume of
consumption and the domestic consumption can be
attributed to the priority order and additional housing
projects which created some new water consumption hubs.
In addition, ADE considers the volume consumed as billed to
formal subscribers only. Within informal settlements,
the population generally connected illegally. Their
consumption is neither counted nor paid.11 That water volume
being distributed but not counted would be considered as
economically lost.

03

The water consumption overall represents less than half of
the demand. The gap between demand and consumption
varies from one SP to another. The worst situation is observed
in SP 7 (-69,72%), whilst the best is observed in SP 10 (-12,04%)
relatively. SP 2, 4, 5, 6, and 7 suffer from a wide gap between
demand and consumption (beyond the city average), whilst
SP 1, 3, 8, 9 and 10 suffer from a gap roughly near or below
the city average.

Results and Discussion
3.1. Total water consumption vs water demand
As shown on Table 4-4 and shown in Figure 4-5, the total water
demand is calculated after the official standard fixed by
the Ministry of Water Resources. It designates an average
demand at the SP level during the study interval (1999-2002).
Table 4-4 compares the water consumption against the water
demand and resulted gap between them.

SP

Water
consumption
average
(l/inhab/day)

When compared against SPs’ related indicators, the water
consumption shows further variability as follows (Table 4-4,
Figure 4-6):

Gap between
the water
consumption
the water
(l/inhab/day) and
emand(%)
Water
demand
average

1-Rouiba

67,94

128,93

-47,30

2-Dar El Beida

57,80

162,20

-64,36

3-Alger-Est

87,80

160,37

-45,25

4-G. de Constantine

60,57

179,75

-66,30

5-Alger-Sud

77,53

199,33

-61,10

6-Alger-Centre

66,02

207,00

-68,10

7-Alger-Nord

59,20

195,50

-69,72

8-Alger-Ouest

93,45

184,00

-49,21

9-Cheraga

89,56

107,23

-16,48

10-Zeralda

94,72

107,69

-12,04

City average

73,31

163,20

-55,08

Table 4-4 SP Water demand (after the Ministry of Water Resources
standard)

Figure 4-5 Water consumption vs water demand

Figure 4-6 Variability of the total water consumption vs SPs’
related indicators
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Demographic indicators: Water consumption is compared to
the population size (I.1) and the demographic growth trends
(I.2). It could be noticed that SPs with water consumption
below the city average (1, 2, 4 and 7) are moderately
populated comparatively and do register either very high or
negative demographic growth.
Urban indicators: Water consumption is compared to
the urban density (I.3) and the location from the city centre
(I.4). Water consumption is below the city average in SPs with
either low or high urban density. Except for SP 6 and 7 that are
partly located in the centre, this group is located in the first
and the second periphery.
Technical indicators: Water consumption is compared to the
networking rate (I.5) and the water infrastructure capacities
(I.6). Water consumption is below the city average in SPs with
either suitable or low transfer/storage/distribution capacities.
Table 4-4 and Figure 4-6 show that when considered
individually, indicators characterizing the SP’s context would
not bear clear evidence of any direct relationship with
the water consumption level. The following paragraph shows
that it is no more the case when they are cumulated.

3.2. W
 ater Demand Vs Water Demand Satisfaction Rate
The comparative analysis shows a regular reduction of water
consumption in addition to an increasing gap between
the demand and the production during the study time period
(10). The standard water allocation as fixed by the Ministry
of Water Resources (150l/inhab/day) was not satisfied in any
SP. Table 4-5 compares the water demand against the water
consumption average and gives resulted satisfaction rate at
the SP level as follows:

SP

Water
consumption
average
(l/inhab/day)

Water
demand
average

(l/inhab/day)

That result confirms the official information provided by
the Ministry of Water Resources and ADE as:
• T
 he total surface water resources (300,000m³/day) and
groundwater resources (282,000m³/day) mobilized
→ Σ= 582,000m³/day
• The total water demand 600,000m³/day,
• The evaporation losses (about 15%) + Pipelines’ leakages
(about 40%) → Σ= 45%

Hence the available resources should be approximately:
55% of 582,000m³/day = 320,100m³/day ~ half the water
demand volume.
Despite the global dissatisfaction of the water demand, the
satisfaction rate seems to vary depending on the SP location:
within central SPs (more aging municipalities: 2 partly, 4, 5, 6
and 7), water demand is almost satisfied at one-third.
Within SPs located in the first periphery with medium to
notable demographic growth, the demand is satisfied at 50%.
Whilst SPs located in the second less populated periphery,
more than 50% of the demand has been fulfilled.
Figure 4-8 gives more clarification about the singularity of
indicator I.4 as compared with water consumption, water
demand and the water demand satisfaction rate against the
city average.

(%)

67,94

128,93

52,70

2-Dar El Beida

57,80

162,20

35,63

3-Alger-Est

87,80

160,37

54,75

4-G. de Constantine

60,57

179,75

33,70

5-Alger-Sud

77,53

199,33

38,90

6-Alger-Centre

66,02

207,00

31,90

7-Alger-Nord

59,20

195,50

30,28

8-Alger-Ouest

93,45

184,00

50,80

9-Cheraga

89,56

107,23

83,52

10-Zeralda

94,72

107,69

87,95

City average

73,31

163,20

50,01
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• S
 P with demand satisfaction rate below the city average:
SP 2, 4, 5, 6, 7.
• SP with demand satisfaction rate near the city average:
SP 1, 3, 8.
• SP with demand satisfaction rate beyond the city average:
SP 9, 10.

Water
demand
satisfaction

1-Rouiba

Table 4-5 SP Water demand fulfillment

As shown in Figure 4-7, three groups could be distinguished:

Figure 4 -7 SP demand vs water consumption

3.3.Water Demand Satisfaction Rate Vs. Urban
Growth Pattern
Results show that the water demand average satisfaction
rate is approximately 50%. However, three groups of SP stand
out in relation to the city average. They describe three urban
growth steps and three urban design patterns as follows and
shown in Figure 4-9:

Figure 4-8 SP water consumption, water demand and water demand
satisfaction rate

It can be noticed that SP 2, 4, 5, 6 and 7 which have low demand
satisfaction rates include most populated municipalities.
They register high demographic growth rates and/or high
urban densities. These municipalities are located in the centre
integrating most aging districts having aged water system.
SP 1, 3 and 8 have demand satisfaction rates of approximately
50%and include municipalities suffering from low transfer and
storage capacities whilst SP 9 and 10 register lowest demand
and subsequently best consumption level and demand
satisfaction rates.
Based on these results, it could be argued that the location
from the city centre (I.6) becomes significant because of
implicitly designating the population size, the growth trend
and the urban density. Namely, central SPs seem to have
a disadvantage with regard to low or inappropriate water
facilities (technical parameters) that closely depend on
the urban growth pattern (building design and density) and
overpopulation (high demographic growth trend).

First, SP 9 and 10 located south-western city, have recently
urbanized. They constitute the second periphery with
a residential predominant activity (if formal or informal)
in addition to a notable administrative activity. The water
satisfaction rate is beyond the city average. However,
the high rate of demographic growth does augur of a larger
gap between water demand and water consumption in
addition to the aggravation of the contamination risk.
That would propel them into Step 2.
Second, SP 1, 3, and 8 located western, eastern and eastsouthern city experienced urbanization earlier than the SPs
in the first periphery. They include numerous dense housing
districts (if collective or individual). The satisfaction rate
is near the city average. The high to medium demographic
growth rate does augur of an eminent urban saturation of
some municipalities in addition to the aggravation of water
related risks (pollution, flood, and landslide). That would
propel them into Step 3.
Third, SP 2, 4, 5, 6 and 7 located northern city can be described
as the historical centre (individual housing) and districts dating
from the French colonial era (collective housing) with mixed
activities even if the residential activity remains predominant.
The water satisfaction rate is beyond the city average. The
demographic growth is almost negative or null (historical urban
districts). The water related risks are critical locally.
With regard to the local
context during the study
time period, water demand
satisfaction seems to mainly
depend on water resources
production and water
infrastructure capacities.
The situation is likely to be
more critical as per
the demographic trends and
subsequent urban growth
that is expected in some
municipalities. Shortly,
each SP is at risk if demand
increases. Thus, existing or
ongoing urban overcrowding
will likely increase the gap
between demand and
consumption and aggravate
water related risks.

Figure 4-9 The water demand satisfaction spatial distribution through the city
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Conclusion

This study aims to better understand the relationship
between urban growth patterns and water delivery
efficiencies based on the assessment of the water demand
satisfaction rate. It has distinguished various urban areas
following a set of demographics, spatial and technical
parameters compared with the city average. It has considered
a critical time period (four years) as per the water supply
conditions and means.
As a result, this paper concludes on three preliminary results
related to the methodology, the case study and future
prospects.
First, as per the methodology: this research has focused on
the relationship between urban growth patterns and water
supply efficiency in a specific climate and socio-economic
context. The study established an original method that aims
to provide a better understanding on how they interact.
The method has been developed in three steps: (1) was to
compare the water consumption of different users in order
to appreciate the domestic consumption against the total
consumption, (2) was to assess the water demand satisfaction
rate comparing water demand against water consumption
and (3) was to compare the water demand satisfaction rate
with a couple of indicators characterizing the urban setting.
Actually, the results would have been more relevant and
action-oriented if they have invested longer time interval
and smallest spatial areas considering biophysiography
items and land use patterns in more detail (incl. architectural
features). Thus, the method would have rather provided more
reliable and homogeneous data. Furthermore, in situ surveys
would have been notably useful for capturing the population
behaviour dealing with water issues within formal and
informal districts.
Second, as per the case study: Results show that no indicator
characterizing the urban setting would alone be able to
describe the local water context. Yet water supply efficiency
strongly depends on water resources availability and
the demand level as well as on the urban growth pattern that
might aggravate if not engender water related risks.
Moreover, after ADE, the water infrastructure capacity has not
been developed in parallel with the urban growth and thus
does call for perpetual urgent upgrading actions. Indeed,
Algiers has expanded faster than its water facilities neglecting
local hydro-dynamic processes and global water cycle
features (Aroua, 2005).
Actually, the water supply deficiency is tied up both to natural
and anthropogenic causes. The rainfall deficit did naturally
reduce the water potential. Likewise, aging and damaged
infrastructure have left nearly half the distributed volume.
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Thus, it has been necessary to mobilize more than twice
the volume needed in order to satisfy the demand in addition
to the production of unconventional water resources (After
the Ministry of Water Resources).
Third, as per future prospects: Urban water systems could not
be extended indefinitely but urban growth patterns should
be reviewed and better adapted to the natural environment
and hydrological systems in particular. The urban water cycle
should be considered as a circular process so that it could be
incorporated to the global water cycle with lowest possible
risk of contamination and disturbance. Since then any urban
sustainable development strategy should consider water
issues at two main parallel levels. At the local level, it has to
consider the environment threshold and based on preliminary
impact studies. At the global level, it has to harmonize
the distribution of the population and urban settlements
as well as main socioeconomic activities across the water
basin and even more the bioregion. Additionally, future
perspectives would be to adapt the urban planning/design
to the local hydrosystem features investing the urban water
metabolism approach (Serrao-Neumann et al., 2017).
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Notes
1.

The Global Water Partnership defines IWRM objectives as being social equity, economic efficiency and ecological
sustainability (www.gwp.org).

2.

The successive urban master schemes vainly recommended the protection of surrounding fertile lands but the urban sprawl
has progressively phagocyte the plain (Aroua, 2011).

3.

The water service was supposed to be more improved later on in partnership with the Société des eaux de Marseille.

4.

Algiers is a historical city dating from the Xth century developed all around the harbour. It becomes the Capital of a developing
country from the modern era (starting from the XVIth century). Its location along the bay does naturally promote trades and
food supply mainly from the surrounding hinterland and neighbouring provinces.

5.

By the end of 1998, the water supply network had been rehabilitated and extended to western municipalities recently
densified or settled. Per consequent, at that time Algiers’ water supply network was 2,700km long with almost 82%
connection rate average.

6.

The local government agency Algérienne des Eaux (ADE) used to manage the water service till 2006.

7.

From 2006, the water service is managed by the private society Société des eaux et de l’assainissement d’Alger (SEEAL) based
on an agreement contract between the Ministry of Water Resources (Algeria) and the Société des eaux de Marseille (France).

8.

For ease lecture of the text, «Algiers» and «the city» designate 53 municipalities regrouped into SPs.

9.

Referring to the Ministry of Water Resources, the water demand does vary following the demographic size of the
municipality between 85l/inhab/day (< 10,000 inhab), 100 l/inhab/day (10 to 20,000 inhab), 160 l/inhab/day (20 to 50,000 inhab)
and 180 l/inhab/day (50 to 100,000 inhab). The national standard water allocation is 150 l/inhab/day.

10. The water production has decreased from 189,313,074m³/year in 1999 to 125,180,410m³/year in 2002 (ADE, 2003).
11. That is no more the case in Algiers since the private society Société des eaux et de l’assainissement d’Alger (SEEAL) managing
water service in Algiers from 2006, did launch a new program «Quartiers en Développement» in order to progressively remedy.
It did succeed in increasing subscribers by thousands from informal and precarious districts. www.seaal.dz.
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Abstract
Water security, measured by access to safe drinking water and sanitation (United Nations Sustainable Development Goal #6),
is something that most Canadians take for granted. However, Indigenous communities in Canada continue to experience frequent
and often long-lasting boil water advisories, unreliable drinking water service and inadequate sanitation infrastructure - all
expressions of water insecurity. This paper reports the outcome of six innovative water planning initiatives that aim to improve
access to safe drinking water within Indigenous communities in Canada. While these planning initiatives help to identify conditions
contributing to water insecurity, as well as specific remediation measures, these planning initiatives also reveal Indigenous
traditional knowledge relating to water. This knowledge, or water relationship, includes the healing and medicinal properties of
water, the importance of women as ‘water-keepers’ as well as the spiritual relationship with water long-held by indigenous people.
These water relationships help broaden the current water security discourse to reveal a more nuanced conceptualization of water
security beyond water quality and quantity. In Canada, the term Indigenous People refers to First Nations, Métis and Inuit Peoples.
Only First Nation communities are included in this study.

Keywords
Canada, First Nations, drinking water protection plans, water security, Indigenous planning
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Introduction
Water is at the core of sustainable development and is
critical for socio-economic development, healthy ecosystems
and for human survival itself. It is vital for reducing the
global burden of disease and improving the health, welfare
and productivity of populations (UN Water for Life).

facilities for drinking water and sanitation, indicating a high
degree of water security. However, on the sub-national
scale, these statistics yield a false representation of local
conditions experienced by Indigenous people. Indigenous
people in Canada include First Nations, Inuit and Metis. For
the purpose of this paper, the focus will be on First Nations
people and their communities in the Canadian Prairie Region
spanning the Canadian Provincial Provinces of Alberta and
Saskatchewan.

This paper will report the findings from case study research
to outline the ‘First Nations water problem’. The research is
based on a series of six source water protection plans (SWP
plans) conducted with First Nation communities in
Clean water and sanitation is the focus of Sustainable
the Canadian prairie region. The planning process identified
Development Goal #6 (UNDP, 2016). Specific targets identified
many causal factors contributing to the water problem.
under Goal #6 include improving water quality by reducing
However, the planning process also brought together
pollution, eliminating dumping and minimizing release of
community and non-community members,
hazardous chemicals and materials, halving
provided space for information exchange,
the proportion of untreated wastewater and
facilitated relationship building and
substantially increasing water recycling and
Water is at the
encouraged traditional water knowledge
safe reuse globally by 2030. At the global
core of sustainable sharing between and among participants.
scale, progress toward this target is showing
While the results of the SWP plans illustrate
positive results. Global scale reporting
development
what might be interpreted as a lack of water
provides helpful insight of progress toward,
security, or water (in)security, the ancillary
or away from, global targets for sustainability.
and is critical for
output of these plans illustrate community
However, global scale statistics often do not
socio-economic
engagement in plan-making, water knowledge
always reflect conditions at the regional and
sharing, respectful relationships and
local scale. The extent to which This water is
development,
community empowerment through land use
safe to drink and readily available is variable,
unpredictable and dependent on many factors
healthy ecosystems planning.
In combination, these ancillary outputs point
including local political and economic factors
and for human
to what Jepson et al. (2017) refer to as “human
as well as local governance structures (Wutich
capabilities and a relational approach”.
et al., 2017; Cook & Bakker, 2012). This is true
survival itself. It is
In short, the ability of a community to engage
not only in the developing world but also in the
in plan-making with numerous partners
more developed world (Arsenault et al., 2018;
vital for reducing
requires both human organization and
Patrick, 2011). Arguably, nowhere is this more
the global burden
capability as well as relationship-building
pronounced than in Canada where there is
based on trust and reciprocity. It is argued
a disproportionate number of Indigenous
of disease and
in this paper that water security ought to be
communities affected by poor water quality
measured not only by material access to water
(Arsenault et al., 2018; Collins et al., 2017).
improving the
and sanitation as noted by Jepson et al. (2017)
health, welfare
but also by a community’s relationship with
In a nation-wide survey of water and
wastewater conditions in Indigenous
and productivity of water.
communities in Canada, Neegan and Burnside
In the face of inadequate infrastructure
(2011) recorded 30% of First Nation water
populations.
stemming from colonial practices and
systems to be classified as high risk systems.
paternalism of the federal government
More recently, 134 water systems in 85
(Hanrahan, 2017) Indigenous People in Canada
Indigenous communities across Canada were
have maintained a spiritual connection with water based on
reported to be under a boil water advisory (Arsenault et al.,
inter-generational knowledge sharing (Arsenault et al., 2018;
2018). This statistic represents approximately one-in-five
Hanrahan, 2017; Blackstock, 2001). This paper argues that
communities on a boil water advisory at any one time.
water security ought to be measured, at least in part,
Global scale reporting does not always capture uneven access
by the degree to which respectful relationships exist between
to water and sanitation services experienced nationally
and among humans and the natural world. The outcome
and regionally. What is most often captured by global scale
of this paper, in part, answers the call for a more nuanced
reporting is that Canada ranks among the global elites with
perspective on water security that goes beyond water quality
respect to human development index (HDI) scoring of 9.20
and availability (Wutich & Ragsdale, 2008).
out of 10 (2015) and showing a consistent upward trend since
1990 (8.49) placing Canada in the top 10 of all 188 ranked
countries. In addition, the World Health Organization reports
that almost 100 percent of Canada’s population has improved
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03

Pursuing water security

Context and background

Water security is presented in mainstream academic literature
as a multi-faceted concept embracing water availability,
flood hazard avoidance, environmental governance as well
as health and sanitation (Lall et al., 2017). Arguably, water
security is a key determinant of human development and
personal well-being. In the absence of water security human
health may become jeopardized and community health
placed at risk (O’Connor, 2002). Ultimately, the degree to
which individuals and communities experience water security
will determine the potential for human development and
personal well-being (Wutich & Ragsdale, 2008).

In Canada, one-in-five of the 700 Indigenous communities are
on a boil water advisory at any time, with many advisories
lasting decades (Arsenault et al., 2018). Approximately 30%
of Indigenous community water systems are classified as
high risk systems. Boil water advisories are 2.5 times more
frequent for First Nation communities than for non-First
Nation communities (Patrick, 2011; Eggerton, 2006).
In addition, approximately 30% of First Nation water systems
in Canada are classified as high risk systems and the number
of water-borne infections in First Nations communities is
an alarming 26 times higher than the Canadian national
average (Patrick, 2011; Eggerton, 2008). While these alarming
statistics are frequently reported in the literature, much less
reported are the causes of these contamination events.
To trace the origin of these events requires some reflection on
the impacts of colonialism at the community level.

Recent literature presents a more nuanced, critical approach
to water security that explores less about obtaining water,
and more about sustainable and just hydro-social processes
in support of human capabilities (Jepson et al., 2017). This
approach is less concerned with the mechanics of water
provision but more with the hydro-social condition that
fosters community development, respectful relationships,
human dignity and healthy social relations. This paper seeks
to extend this critical approach to water security through an
examination of six cases of SWP processes with Indigenous
communities in Canada. These six communities are all First
Nations.

In Canada, the colonization process that began in the
mid-1800s became institutionalized through the federal
government’s “Indian Act of 1876” (TRC-Canada, 2015).
The Indian Act (Government of Canada, 1985) set out to
control all aspects of Indigenous people’s lives including, but
not limited to, the creation of “lands reserved for the Indians”,
or “Indian Reservations”. For the federal government to
promote permanency on the “Indian Reservations”
a housing program was required. The poor quality of housing
was equally matched with insufficient supply of housing,
a condition leading to overcrowding measured by multiple
families living under one roof with subsequent human health
problems. For example, rates of tuberculosis in the First
Nation population remain 20-30 times higher than Canadian
born, non-First Nation rates. Tuberculosis has long been
linked to overcrowded housing, poor air circulation, and lack
of sanitation. Today, First Nation housing in Canada continues
to be developed ahead of critical infrastructure such as
properly constructed landfills, community water distribution
systems, and community sewer and drainage systems.
The legacy of poor planning practice is visible today by the
absence of piped water and wastewater services in many
First Nation communities. For example, the common method
of water distribution in First Nations is ‘trucked’ water.
Trucked water is filled at a water treatment facility and then
delivered, house by house, to in-ground household water
cisterns. Cisterns are aging, damaged by time and neglect,
and often contaminated by surface water infiltration (Patrick,
2018; Bradford et al., 2016).
On the wastewater side, the absence of adequate
infrastructure planning means that for many homes a ‘shootout’ pipe transfers raw sewage into a backyard area (Patrick
et al., 2017). In other instances, a ‘pumper truck’ hauls sewage
from a household septic tank to a community sewage lagoon.
These sewage lagoons, many still in operation today, are not
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lined with an impermeable barrier and therefore groundwater
seepage is an ongoing problem. The federal government
authorized and funded landfill development practices
wherein large open pits were excavated to receive all forms
of solid water material. These open pits are unregulated,
and worse, unlined, allowing contaminants to seep into the
groundwater and surface waters. The majority of prairie
First Nations source their drinking water from groundwater
supplies.

04

Research method

Source water is untreated water from either groundwater or
surface water sources that supplies drinking water for human
consumption. SWP is a vital first step in the protection of water
The Indian Act (Government of Canada, 1985) and specifically
supplies, often referred to as the first step in the multi-barrier
the ‘Indian’ reservation system, served to disconnect
approach to safe drinking water (CCME, 2004).
Indigenous people from access to land and healthy water
The multi-barrier approach (MBA) to clean drinking water is
thereby imposing a condition of ‘institutionalized’ water
“an integrated system of procedures, processes and tools that
(in)security. The human health impacts of the federal
collectively prevent or reduce the contamination of drinking
government’s drinking water provision for First Nation in
water from source to tap in order to reduce risks to public
Canada – a system rife with technical and design system
health” (CCME, 2004). The goal of the MBA in drinking water
flaws which, in combination with fragmented
management is to reduce the risk of drinking
federal and provincial governance structures,
water contamination through the presence of
continues to produce often deplorable
system redundancies, or barriers, built into
The goal of the
water quality conditions for First Nations.
the water system. CCME (2004) described three
MBA in drinking
The primary causal factor of poor water and
main components in the MBA beginning with
sanitation infrastructure is the legacy of
the source of water from the threat
water management protecting
colonization wherein the federal government
of contamination. The second barrier is
sought to disconnect Indigenous people from
is to reduce the risk the treatment of drinking water through
their land, water, and culture in the name of
various methods including chlorination,
of drinking water
assimilation.
filtration, as well as other chemical and
mechanical treatments. The third barrier is
contamination
And yet, in spite of these and other human
maintenance, monitoring and testing of the
injustices imposed on Canada’s indigenous
water distribution system.
through the
Peoples, First Nations continue to thrive and
presence of system SWP planning offers a means of addressing
adapt under these technical, institutional and
cultural challenges. The means by which First
land management problems in order to protect
redundancies, or
Nations have been able to adapt and thrive
drinking water quality (Patrick, 2014). Through
is a display of human resilience, identity, and
SWP planning we see opportunity to not only
barriers, built into
connection to the land and water. In this paper,
‘reclaim’ Indigenous planning (Matunga, 2013)
the water system.
it is these human qualities and community
but also to enrich and broaden the definition
relationships that will be woven into
of water security.
the evolving definition of water security.
In the section that follows, a planning process known as
source water protection (SWP) will be introduced. This
approach involves the active engagement of community
members in a deliberate planning process aimed at
the protection of drinking water sources. To date, a number
of SWP plans have been developed and implemented with
First Nation communities across the Prairie region.

Figure 5-1 Source Water Protection Planning Framework
(Government of Canada, 2014)
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The SWP planning process used in the six
study areas adopted a five-stage SWP
planning framework (Government of Canada,
2014). This planning framework represents
a structured, rational planning approach for
the specific purpose of assisting First Nations
with drinking-water protection (See Figure
5-1). The following is a description of
the planning framework.

4.1 Establish Working Committee
(Stage 1)

A consensusbased approach
encourages open
communication to
build cooperation
and trust between
all working
committee
members.

The first stage of the plan- making process
involved creation of a working committee
made up of key actors from the community. The purpose of
the working committee is to elucidate local knowledge of
local water conditions generally including, but not limited
to, local drainage, drinking water quality, water quantity,
wastewater management, and natural and human induced
threats to local water sources. Using the planning framework
(See Figure 5-1) the working committee is tasked with
overseeing development of the plan in collaboration with
community members, provincial health officials and other
trusted individuals with local knowledge of past and present
land uses and hydrological conditions. The community
members include Elders, elected councillors, water treatment
plant operators, as well as representatives from key
departments of the First Nation including community health,
education, and lands management departments.
A consensus-based approach to decision making is employed
for the plan-making process. This approach encourages open
communication to build cooperation and trust between all
working committee members. Meetings are held in
the community following traditional protocols including an
opening and closing prayer, shared meals, respect for Elders
and other traditional protocols.

4.2 Source Water Assessment (Stage 2)
The second stage of the SWP planning framework involves
completion of a source water assessment of the local
community water system and water supply area.
The assessment for each community includes the collection
of information relating to the source of water, location of
the water intake, type of water treatment and distribution
system, extent of service area, number of residential units and
other commercial and institutional users served by the water
system.
Following the description of the water system, an inventory
of potential contaminant sources is undertaken. Using local
knowledge, the working committee develop an inventory of
all known, or perceived, land uses and activities with potential

to degrade water quality. This inventory includes
all human-generated sources (point source and
non-point source) as well as natural sources
(erosion, turbidity).

The final component of the source water
assessment is a risk assessment of known and
perceived threats to the water source. We define
risk as the likelihood of an occurrence multiplied
by the potential impact of the occurrence. Both
the likelihood and impact of occurrence range
in numeric value from 1 (most unlikely and
insignificant, respectively) to 5 (almost certain
and catastrophic, respectively). The likelihood of
an occurrence may be low (train derailment), but
the impact of such an occurrence very high (long
term groundwater contamination). This process
generated healthy discussion, but almost always
clear consensus. It is important to not that risk values are
merely relative values and are not intended to reflect
an accurate measurement of risk. What the values do provide
is a means of ranking one threat as higher or lower than
another threat. The purpose of the risk ranking is to allow
a score to be attached to each threat. This is helpful in Stage 3
where the identified risks become prioritized leading to
the identification of management actions.

4.3 Identify risk management actions (Stage 3)
Upon completion of the risk ranking (Stage 2), the working
committee will focus attention on the many different
management action to address identified potential risks to
source water. Management actions are selected with
the purpose to reduce, or eliminate, identified risks to source
water. For most risks, a single management action is not
sufficient. Local knowledge and experiences of the working
committee is critical in this phase.
Management actions may take one of two forms: Structural
or non-structural. Structural management actions include
land alteration and build infrastructure while non-structural
include communication and education. A blend of these
types provides the greatest reach in terms of management
action effectiveness. Again, the breadth of knowledge and
experience held by members of the working committee
will contribute to creative, yet effective, management
actions to reduce risk to source water. Consensus on a set of
management actions is a goal for the working committee.

4.4. Develop an implementation strategy (Stage 4)
Following the identification of the necessary management
actions for each noted risk the working committee next
develops an implementation strategy. Developing
an implementation strategy requires timelines for tackling
management actions as well as the identification of
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partnerships to get things done. Implementation is critical to
plan-making and the defining factor of success for any plan.
Working committee members put in long hours discussing
details of the plan. Implementation allows the working
committee to see the results of their efforts and to celebrate
early success of the planning process.
The second critical aspect of developing an implementation
strategy is the identification of key partners to assist with
each management action. In each community, there is
a recognized need for cooperation among and between
various departments within each First Nation in order to
accomplish the management actions.

05

Research results

4.5. Review and update of the SWP plan (Stage 5)

Research results from the six studies will be reported in this
section. Table 5-1 indicates the perceived threats to local
water sources as reported by key participants for each study
area. The names of each study area are not provided to
protect community identity. The results reported for
the six communities are from across two Canadian provinces,
Alberta and Saskatchewan. Two of the communities reported
in this paper are from Alberta (AB), the other four are located
in Saskatchewan (SK). In all cases, these are First Nation
communities.

A full review of the SWP plan should occur on an annual basis
with a purpose to report plan implementation progress, to
re-evaluate management actions, and to re-engage
the working committee and the broader community on
planning progress and next steps. A benefit of the annual SWP
plan review includes sustaining momentum to implement
the plan, opportunity to celebrate success from the plan,
and opportunity to adjust or update the plan based on new
information feeding into the plan.

The results from this research point to a number of potential
causal factors contributing to the water quality problem for
First Nations. The most commonly reported threat to source
water relates to sewage disposal, either at the household
level in ‘shoot-outs’ and septic systems or at the community
level in sewage lagoons. Other commonly reported threats
to drinking water quality include the poor condition of
household water cisterns, abandoned wells, unprotected
well-heads and unauthorized solid waste dumpsites.

4.6. Case Studies
The results of six case studies from First Nation communities
in Canada are reported in Table 5-1. In each community
a source protection plan was developed in partnership with
community members and leadership and facilitated by the
lead author. Following a community-based participatory
research model (Kyoon-Achan et al., 2018) the goal of the
partnership was to follow the prescribed SWP planning model
(Figure 5-1) to identify any threats to a community’s drinking
water source, assess the degree of risk for each threat, and to
assign management actions to reduce each threat. The result
of each plan was an implementation strategy with identified
management actions, timelines and stakeholder partners.

The method of sewage disposal in Indigenous communities
varies considerably across the country and is a function of
community size, geographic location, local capacity to fund
and manage sewage disposal and other factors.
For this reason, aggregate numbers only tell part of the
sewage disposal challenges facing First Nations in Canada.
For example, Neegan Burnside (2011) report that almost 85
percent of sewage treatment on First Nations is by
a community wastewater system. However, in many First
Nation communities, houses are isolated and not connected
to a community water service. In these instances, wastewater
from individual homes is discharged in a ‘shoot-out’ pipe
to a backyard area. This method of disposal raised concern
for human and wildlife health and safety. The Neegan
Burnside (2011) report notes that a significant number (over
50 percent) of First Nation community sewage lagoons
are either at, or over, capacity. Climate change is now
exacerbating annual flood condition in the Prairie region
resulting in sewage lagoon overflows. This condition points
to an increasing need for wastewater infrastructure renewal
and replacement in many First Nation communities. Water
security is not only tied to potable water delivery but also to
wastewater treatment.
The poor condition of household water cisterns was
frequently reported in this study as a high risk to human
health. Household cisterns are typically buried adjacent to,
or beneath, a home to hold potable water. Across
the study area, household cisterns are aging and often in
poor condition owing to natural deterioration, weathering
and damage from water delivery trucks. During this research,
there were many reports of contamination in the water
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cisterns from surface runoff infiltration, dead rodents and
other contaminants. Monitoring studies have confirmed that
household cisterns in many communities are contaminated.
As a result, households were reverting to bottled water for
human consumption.

human and domestic animal interference. Natural conditions
such as flooding also increase the risk of groundwater
contamination entering a well-head. Other frequently
reported risks to source water include poorly constructed
solid waste landfills and unauthorized solid waste dump
sites.

Abandoned wells, particularly those that are uncapped, were
reported to be a threat to groundwater supplies. In addition,
many community wells were not adequately protected from

Risk Rank

High
Risk

Moderate
Risk

Low
Risk

Alberta
No.1

Alberta
No.2

Saskatchewan
No.1

Sask
No.2

Sask
No.3

Sask
No.4

Household
water cisterns

Diesel spillage

Septic tank
‘Jet outs’

Sewage
Lagoons

Vulnerable
community
well

Auto-wreckers
Storage years

Industrial
drilling

Illegal dump
sites

Agricultural
land

Private wells

Septic tank
‘shoot-outs’

Sewage
mounds and
lagoons

Transport
hazardous
goods

Livestock close
to wells

Septic fields

Cisterns

Abandoned
wells

Sewage
pumping
stations

Septic
‘shoot outs’

Abandoned
vehicles

Sewage
lagoons

Flooded wells

Illegal
dumpsites

Road transport
and stormwater
along lakeshore

Pipelines

Abandoned
wells

Backyard
mechanics

Animal
carcasses

Landfill

Wildfires,
organics entering
lake water

Commercial
fuel tanks

Private
fuel tanks

Old vehicles

Agriculture

-

Float planes
on lake

Recreational
“off-roading”

Rail transport
and rail lines

Private fuel
tanks

Horses

-

Trailer park
sewage

Illegal dump
sites

Pesticide
containers

-

Dogs

-

Lake use
in general,
vehicles going
through ice.

Septic fields

Abandoned
septic tanks

Aerial spraying

Diesel Shed

Former
industrial sites

Litter
in the lake

landfill

Recreational
activities

Backyard
mechanics

Old sewage
lagoons

Fire retardant
entering lake

Private
fuel tanks

Agricultural
waste

Garbage sites

-

Cabin owner
pumps and fuel

Sewage lagoon

Dugouts and
ponding water

-

-

Motor boat
fuel spills

Table 5-1 Identified risks to source water, Prairie Region
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Discussion

Conclusion

Prior to colonization Indigenous people’s lives centred around
decision-making that required capacity for planning. Planning
settlements, migration, hunting and food gathering. Survival
on the land was predicated on the collective ability to plan,
organize and take action. The arrival of Western planning
was a tool of colonialism to organizes, displace, control, and
otherwise wise usurp Indigenous sovereignty over the land
and water. The result of Western planning practices created
many of the current infrastructure problems that plague many
first Nation communities, particularly those problems related
to water and wastewater services.

The current state of water and wastewater service in many
First Nation communities is but one example of injustice
inflicted upon Indigenous people in Canada. The results of
this study provide abundant evidence of community risk
exposure to source water contamination. Based on this
evidence it would be intuitive to suggest that First Nations
lack water security.

The SWP planning process described above follows
a community-based participatory research model. This model
seeks to engage a community, through a working committee,
as equal partners in a planning exercise to identify local
threats to the drinking water source. The working committee
consists entirely of community members tasked with
development of the planning document. This participatory
model provides a framework for organizing the planning
process. However, the questions asked and the ensuing
discussions that follow form the output of the plan.
These questions and discussions are wholly determined by
the committee. In each case study community, the plans
evolved as a participatory project.

However, it is argued that water security should not be
defined solely on the basis of the quality of water supply.
Nor should it be defined as a quantifiable, pre-determined
amount of water. What other metrics might contribute
to a more holistic understanding of water security? It is
suggested here that water security ought to include other
dimensions such as the ability to engage multiple actors
from within and outside a community, capacity to organize
around a community planning process, access to funding
and university research assistance and especially community
respect for water. While many Indigenous people in Canada
lack the same degree of water quality and quantity as nonIndigenous people. Indigenous people hold a deep respect
and appreciation for water, a close relationship to the land
and the water, and a perspective that water represents
something much more than a resource for human (mis)use.

It became evident early in the planning process
Water security
that what was being produced was much more
than a planning document.
may be interpreted
The mix of people on the working committee,
as something other
the sharing of water stories, the attention to
cultural protocols, respect for Elders and
than just water
the sharing of different knowledge types (local
knowledge, traditional knowledge and western availability and
science knowledge) empowered the each
water quality but
working committee to organize around a topic
of collective concern. The relationships that
also the human
developed during the SWP planning process
between community individuals and between
and community
First Nation and non-First Nation people
relationship with
supported collaboration, trust-building,
and a focus on actions to protect source
water.
water. Through this process, it was revealed
that First Nations hold a personal, if not
spiritual relationship with water. For example,
committee members made frequent reference to the healing
and medicinal powers of water, the need to protect water for
future generations, the belief that women were the keepers of
water, and that water was our first home – in the womb. It is
these human relationships between and among community
members in combination with the human relationship with
water and nature that produce a more nuanced definition of
water security.
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The SWP planning process has also served
a ‘relational’ perspective by drawing people
and community together to share information,
traditional knowledge and water stories.
This research contributes to a growing
literature that recognizes the place of
human relationship building, community
empowerment, respect and reciprocity as
foundational components of water security.
Based on these results, water security may
be interpreted as something other than just
water availability and water quality but also
the human and community relationship with
water.
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Abstract
From 2013 to 2015, Brazil faced a severe water crisis that led 1,485 out of its 5,561 municipalities to declare a state of emergency.
The year 2014 was the driest in the history of the State of São Paulo since meteorological data started to be collected in the 1930s.
The drought affected over 20 million people in the São Paulo metropolitan area alone inasmuch as the volume of the city’s main
system of reservoirs started to dramatically decrease in mid-2013, and was depleted in the following year. Whereas extreme weather
events have caused water shortages and many other social, economic and environmental impacts around the world, the São Paulo
water crisis unearthed a series of challenges in terms of water security. Besides the persistent pollution of watershed areas and poor
natural resource management and planning, the absence of data, transparency and lack of room for social participation in water
governance are key factors that explain the unprecedented water crisis in Latin America’s largest metropolitan region.
To be sure, the 2014 São Paulo water crisis showed that, for any metropolitan region to successfully design climate change
adaptation and sustainable development strategies at large, it is crucial to understand the political nature of water security.
The aim of this paper is therefore to highlight the main causes and effects of severe water shortages in São Paulo Macrometropolis
and, based on empirical evidence, share the main experiences, challenges and opportunities for water governance improvement
in dense metropolitan regions. To this end, it draws on a framework of environmental governance analysis and effectiveness of
institutional agreements to assess how São Paulo Macrometropolis is complying with SDG 6 targets. We argue that the lessons
learned from São Paulo water crisis might strength strategies for other megacities and metropolitan areas, especially in the Global
South.

Keywords
Sustainable Development Goals, sustainable management of water and sanitation, water,security, climate change ee São Paulo,
Brazil
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Introduction

Water crises have multiplied in many parts of the planet.
Besides those affected almost constantly, as is the case of
Sub-Saharan Africa and the Northeast of Brazil,
the picture has become more recurrent in regions where a
large metropolis is located such as São Paulo, Brasília, Rome,
Nairobi, and large cities mostly in California and Australia.
In this chapter we analyze the water crisis that hit São Paulo
Macrometropolis between 2014 and 2015. This analysis is
performed in the context of climate change and addresses
how the State of São Paulo has been responding to 2030
Agenda's Sustainable Development Goal (SDG) 6.
The enactment of the 2030 Agenda for Sustainable
Development by 193 UN Member States in September
2015 marked the agreement on a time-bound, global and
at the same time context-specific agenda for sustainable
development consisting of 17 SDGs and 169 targets (UN
General Assembly, 2015). Although the responsibility to
implement and deliver the agenda by 2030 is primarily
assigned to national governments (Ibid. UN General Assembly,
2015, 47; 55), it acknowledges the role of non-state actors such
as civil society, private sector and academia and encourages
their participation into its implementation and monitoring
processes (Ibid. UN General Assembly, 2015, 47; 55).
In this context, the 2030 Agenda and its SDGs present strategic
tools for global, subnational and local governance, and
for data assessment on critical issues for sustainable
development such as water security. Cities and subnational
government will play a key role in climate change adaptation
and mitigation (Heijden, 2018) and environmental issues in
general. Cities and subnational levels are therefore key for
implementing the 2030 Agenda and for SDGs success.
Contrary to common sense, the São Paulo metropolitan region is
part of an area of insufficient clean water availability, in a region of
hydrological complexity. There is a constant tension in the process
of dispute around the decision-making process and its outcomes
(Torres et al. 2019b). This presents the challenge to improve equity
in the distribution of water in the metropolis and to reduce and
equilibrate distortions, strengthening access to the public water
supply system. It also emphasizes aspects of transparency and
accountability, considered to have an important role in a process
of a democratic public policy with multilevel governance (Lynn
et al., 2000; Young, 2009). Within the context of formulation and
implementation of a participative governance (Warner, 2005),
multiple categories of stakeholders, institutions, inter-relations
and issues, each of them representing specific arrangements
and interests at stake and possibilities of negotiation, demands
interdependencies, that indicate the limitations of government
and the need of strong links with local governments, the private
sector and social organizations. The challenge is to articulate
the actions of different public actors, within watersheds as it is
defined by Brazilian water legislation.

102 Part III. Water Security and Environment

02

Methods
The main sources of quantitative data and documents
from primary sources were obtained from São Paulo State
Sanitation Company – SABESP and the Meteorological
Station of the Astronomical and Geophysical Institute of
University of São Paulo - IAG / USP) and secondary (Climate
Prediction Center of the National Oceanic and Atmospheric
Administration - CPC / NOAA).
Besides, this study draws on SDG 6 (clean water and
sanitation) targets and indicators in order to assess São Paulo
State’s (i.e. subnational) performance on the 2030 Agenda’s
water security goals. Based on data from government
agencies1 (e.g. SEADE, IBGE, IPEA), this analysis seeks also
to investigate the extent to which the performance analysis
of SDGs can guide water security governance and decisionmaking processes in São Paulo and elsewhere. This strategy
is helpful to unearth possible gaps in the employment of such
global goals in the analysis and performance of subnational
and/or local governance.

Cities and
subnational levels
are therefore key for
implementing the
2030 Agenda and
for SDGs success.

Figure 6-1 Maps of Brazil, São Paulo State, and São Paulo Macrometropolis region. Map elaborated by Ana Lia Leonel (UFABC/FAPESP), 2018
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Water Security and the 2030 Agenda for
Sustainable Development
During the 2012 United Nations Conference on sustainable
development, also known as Rio+20 Conference, world
leaders agreed on an intergovernmental process towards
defining global goals for sustainable development (UN
General Assembly, 2012, 245–251). Among other things,
the idea of setting goals within a Post-2015 Agenda was to
build upon and broaden the scope of the earlier Millennium
Development Goals (MDGs). The establishment of a specific
goal for clean water and sanitation is a good example of
this process. While the MDG (Sachs, 2012) agenda has barely
addressed water security, management and basic sanitation
(Goal 7, Target 10, c.f. UN General Assembly, 2001), the new
agenda would bring more light to these issues from the
outset.
In fact, the outcome document of Rio+20 The Future We Want
highlights the most pressing challenges regarding water
security. Accordingly, it advocates for ambitious policies and
for an integrated and context-specific approach to water,
energy and land-use planning, development, conservation
and management. One that takes specific gender, cultural
needs and the full and effective participation of civil society
into account (UN General Assembly, 2012, 24; 75). As a result
of this new approach, the Sustainable Development Goal
6 (SDG 6) for clean water and sanitation was created along
with targets and indicators for ensuring availability and
sustainable management of water and sanitation for all (UN
General Assembly, 2015; see also United Nations).
The years preceding the ratification of the 2030 Agenda for
sustainable development have witnessed wide and intense
consultation and negotiation processes that included
an unprecedented number of stakeholders (Kanie et al., 2017).
Governments, experts and organizations from all
over the world got together to define a common, global
agenda for sustainable development. In the same period
(2013-2015), Brazil faced its worst drought in 84 years and a
critical water shortage hit the country’s most populous state
São Paulo. This severe water crisis in São Paulo revealed
that climate aspects such as reduction in rainfall levels
are not sufficient to explain or address crises alike. Water
governance and therefore the responsibility of actors and
institutions involved in this process are also fundamental
aspects of a crisis that has not yet been resolved (Jacobi et al.,
2015, Torres et al. 2019a). Against this background, a closer
look at the water governance in metropolitan São Paulo is
crucial to both unearth and understand critical aspects of
water management crises as well as the main challenges to
effectively address them.
According to UNESCO International Hydrological
Program(IHP), Water security is the “[...] ability to assure
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a population access to adequate quantities of water of
acceptable quality for the purpose of sustaining human health
and health of ecosystems in a river basin, and also to ensure
efficient protection of life and property against water-related
disasters - droughts, floods, landslides, sinking of soils”
(UNESCO-IHP, 2012a).
The theme of SDG 6, therefore, is the present relationship in
the definition mentioned above, including not only
the safety of human populations, but the water necessary for
the functioning of ecosystems, for the maintenance of cycles
and for sustainability, that is, their nexus.
On the one hand, the water crisis in São Paulo and the lack of
governance, on the other, the goals and the monitoring from
the SDG 6. These are the connections that we will present
here in this work, as well as the importance of civil society to
ensure publicity and guarantee the fulfilment of the agenda
that allows a territory with safe and available water to all.

04

05

Water Governance in Metropolitan São
Paulo

Water Availability and Climate Dependence
in the São Paulo Metropolitan Region

The current Brazilian model of water management, in force
since 1997, proposes an integrated, decentralized and
participatory framework of policy. It innovates as it gives
power to decentralized water basin institutions, demanding
a process of negotiation between different public agents,
users and organized civil society. The São Paulo metropolitan
region is composed of 39 municipalities with a population
of over 21 million inhabitants, representing 46% of the State
of São Paulo, and 55% of State’s GNP (EMPLASA, 2018). In
addition to the high population density, the region is marked
by the complexity of an urban environment with a high
occupation and cluttered and intense use of land.

Since 1950, seven periods of more pronounced shortage has
occurred. This shows that reductions in the annual volume
of rainfall are not rare situations and should be considered in
the planning of the supply system of the metropolitan region
of São Paulo. It is interesting to verify, however, the behavior
of the supply system between the two most recent crises.
The penultimate dates back to 2004 and the last one started
in 2013. These cycles are related to the El Niño-Southern
Oscillation (ENSO) as shown by Côrtes et al. (2015) and
discussed later in this paper. In periods of excessive rainfall,
there were cases where the storage capacity of the reservoirs
was oversupplied. In those cases, the surplus volumes were
released to the rivers at the downstream.

Population growth in SPMR has demanded investments by
the State Company of Basic Sanitation of the State of São
Paulo (SABESP) in the expansion of the supply system,
with the increase of the capacity of the treatment plants or in
the development of the water sources. SABESP, which serves
most municipalities of the São Paulo metropolitan region,
is a mixed capital company that was founded in 1973 and is
currently responsible for supplying water and collecting and
treating sewage in the 369 municipalities of the State of São
Paulo.
It is considered one of the world’s largest sanitation
companies in terms of population served. It supplies 27.9
million people with water and provides sewage collection
services to 21.6 million people, and is responsible for around
27% of the investments in basic sanitation in Brazil.
Public water supply in SPMR is made through eight water
treatment plants operated by SABESP, which is responsible
for the sanitation of 39 the municipalities of SPMR with more
than 20 million people served. The public supply in
the metropolitan region of São Paulo (SPMR) is made through
eight water treatment plants operated by the company
SABESP, which is responsible for the supply of nine million
inhabitants, supplying 45% of the water consumed.
This system was responsible until the crisis to supply
SPMR with 31m3/s, being 24.8m3/s to supply household
consumption.

More recently, between January 2005 and December 2012,
the system was working under normal conditions.
Taking the monthly water averages available to the
population, it turns out that the system has always worked
close to the operational limit or, sometimes, above it.
Considering that this is a normal situation, one should ask
how the system would look in case of a drought that is longer
or more intense. Considering that the system, in a normal
situation, works very close to its full operational capacity, it is
evident that it cannot withstand a more significant reduction
in the volume of rainfall. There would be no operational gap
and the low elasticity of the system was demonstrated.
The maximum volume was below the level obtained in
the previous year, which could have been used for the design
of strategies preventive measures.
A study conducted by Côrtes et al. (2015) shows that the dams
recharge periods with predominance of the El Niño phase
present higher rainfall volume, which is in resonance with
Santos et al. (2012) and studies for the interior of the State of
Silva Dias et al. (2013) for the city of São Paulo. Another point
to note, according to the study by Côrtes et al. (2015) is that
during El Niño the rainy season extends to autumn (which is
traditionally drier) and expands the recharge of the Cantareira
System.
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Emergence and Development of Water
Crisis
Rain below average contributed to the aggravation of water
supply in the watersheds classified as critical, due to the low
hydric availability – qualitative and/or quantitative. In São
Paulo Macrometropolis hydric scarcity is structural due to
deforestation around reservoirs and inadequate occupation
of watershed areas, including pastures. But the crisis is mainly
caused by the pollution of waterways in the Alto Tiete basin,
thus reducing significantly the water stock for domestic use.
Relative scarcity constitutes a secular reality of São Paulo,
given that the city is located in the river bed, with reduced
availability of water. It also should be mentioned that Alto
Tiete water basin shares with neighboring Piracicaba/
Capivari/Jundiai basin, that provides 31m3/s, and imports 6m3
water from a distance of 200km south in the State.
Although the levels of the Cantareira System and climate
forecasts indicate more consistently the existence of
problems from May 2013, it is only at the beginning of 2014
that the government of the state of São Paulo acknowledged
the existence of a water supply crisis. As the water outlet did
not suffer a significant reduction, being above the water inlet
in the system, the water level dropped rapidly. In May 2014,
the level of two reservoirs was very low, making it impossible
to transfer them by gravity to a third reservoir. What
remained in these reservoirs consisted of a volume intended
to accommodate sediment and whose exploitation was not
foreseen. Called "dead volume", this reserve has come to
be called a "technical reserve" in a communication strategy
aimed at smoothing the impacts of the crisis. The government
tried to convince the population that this was a strategic
reserve for times of crisis. It incorporated the "dead volume"
(or "technical reserve") at the level of the Cantareira System,
artificially increasing the level of this system.
The crisis showed the fragility of the system of water
governance in the metropolitan region. It highlighted
the inadequate practices of water management for decades,
mainly linked to the bad quality of waterways due to
the non-conclusion of the main sewage treatment system,
which has been very much delayed, and implies directly to
the impossibility of its use to supply the population,
the noncompliance with legislation linked to decentralization,
participation and integration of policies.
Decisions were taken at the central level of government
linked directly to the governor. The lack of transparency
and accountability is manifested mainly by not promoting
initiatives that stimulate co-responsibility of the population,
as the crisis was hindered by authorities until the moment it
was not possible anymore. The main reason was
the interference of an electoral agenda at the State level:
the government did not want to take an anti-popular
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position promoting a preventive turnover, notwithstanding
the situation was becoming extreme (Jacobi et al., 2015).
Peripheral neighborhoods and settlements lived under
permanent interruptions of water supply, although
the water management company affirmed that there were
no abnormalities in supply.
The main cause for the worst water crisis in the region
emphasized by the state government of São Paulo and
by the main means of communication, was the lack of rain in
the summer 2013/2014. It has to be stressed that since
the end of 2013, the level of the reservoirs had been falling,
due to climatic factors, but other aspects that led to a critical
situation of reservoirs responsible for most of the water
supply of the region. It is necessary also to emphasize the fact
the slowness of the State Company of Sanitation SABESP,
that has grant of water and the State government to
take measures along the year to avoid the problem of
water scarcity and stress to happen, as it did in the main
metropolitan region of the country.
But other factors have also to be considered, and probably
the most relevant is that SPMR has an environmental liability
and given this situation of the water crisis can be related
directly to the logic that predominates to obtain more water
for the region at further distance with very costly projects,
instead of treating and taking care of waterways and rivers
and reservoirs as already mentioned.
Other factors to be considered are deforestation and
inadequate land use in watershed areas (Coutinho et al.,
2015), the lack of planning for the construction of new
reservoirs and the lack of investments to reduce leaking that
attain around 30% (SABESP, 2013) and the lack of institutional
coordination are relevant causes of the crisis (Rodrigues &
Villela, 2015).
The State of São Paulo government and the main vehicles of
communication have very much focused on the lack of rain in
the summer 2013-2014. Since the end of 2013, the level of the
reservoirs had been falling, due to climatic factors, but other
aspects that led to a critical situation of reservoirs responsible
for most of the water supply of the region. It is necessary to
emphasize the fact the slowness of the State Company of
Sanitation SABESP, which has grant of water and the State
government to take measures along the year to avoid
the problem of water scarcity and stress to happen, as it did in
the main metropolitan region of the country.
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abbreviation in Portuguese), for example, are the government
agencies responsible for the adaptation of SDG targets and
indicators to Brazil’s context. These institutions also provide
technical assistance to the National SDG Commission,
an advisory body established in 2016 consisting of multiple
stakeholders (government, private sector, academia and
civil society actors) to “internalize, disseminate and give
transparency” to the implementation of the Agenda 2030 in
Brazil (Comissão Nacional ODS Brasil, 2017).

Water Governance, Performance
Assessment and the Localization of SDGs
Indicators of Sustainable Development Goals (SDGs) can be
important instruments for policy alignment because they
have to express in a succinct and concrete form the norms,
interests, and aspirations of different actors and can function
as a bridge between the normative domain and policy
implementation (Pintér et. al., 2017, p. 113). This is evidenced
by Rosa dos Santos et al. in regard to water governance
(Rosa dos Santos et al., 2018). Accordingly, the analysis of
water governance in light of SDG 6 targets and indicators is
particular useful to reveal the status quo, the progress made
and the persistent gaps in water management at different
levels (i.e. from the global to the local). This type of goalbased performance analysis is also relevant as it highlights
the numerous aspects and challenges of governance as
well as the importance of integrated approaches and public
policies for sustainable development.

More recently, IBGE has created an online platform with
the first indicators for monitoring the SDGs in Brazil (IBGE)
and IPEA launched a proposal for the national adaptation
of the SDGs (IPEA, 2018). Also, the Civil Society creates
the Civil Society Working Group for the 2030 Sustainable
Development Agenda in Brazil a group with more than 40
non-governmental organizations. Despite the efforts to
implement the 2030 Agenda in Brazil, no specific targets,
indicators and thus systematic database are available for the
monitoring and evaluation of 2030 Agenda’s implementation
at the subnational level. The localization of SDGs in Brazil is,
therefore, still an incipient and on-going process.

To support the implementation of 2030 Agenda and its SDGs
at the national and subnational levels, numerous reports
and initiatives have emerged in Brazil. Among them, one of
UNDP Brazil’s guidelines deserve special attention. In 2016,
UNDP Brazil (or PNUD, abbreviation in Portuguese) published
a roadmap that seeks to support and provide policymakers
and non-state actors with guidelines for the implementation
and monitoring of the SDGs at the so-called subnational level
in Brazil (PNUD, 2016). This publication presents the notion of
“localization of the SDGs,”
regarding localization as
This type of goal- the process of taking into
account the subnational
based performance contexts while implementing
the Agenda 2030, from
analysis is also
setting goals and targets
to the determination of the
relevant as it
means of implementation,
and the use of indicators
highlights the
to measure and monitor
numerous aspects
progress (Ibid, PNUD,
2016, p.12) translation and
and challenges of
emphasis by the authors).

governance as well
as the importance
of integrated
approaches and
public policies
for sustainable
development.

For the purpose of this paper, the next section analyses
São Paulo’s water governance in light of SDG 6 targets and
indicators. Given the lack of specific targets and indicators
for the subnational level, this study is based on the global
targets and indicators ratified at the United Nations for
SDG 6 (See Table 6-1). To this end, it draws on data from
different, but complementary sources, namely the State
Government’s current Multiannual Plan as well as official
reports from government agencies (e.g. ANA, CETESB, and
IBGE). It is important to mention that for some SDG 6 targets
there are no consolidated data or adapted indicators yet. In
those cases, government’s programmes and the respective
budget allocated for them are presented and discussed.
Recommendations provided by scholars and civil society
actors are also addressed in other to enrich the debate on
water governance issues.

In Brazil, a wide range
of state and non-state
actors are working for
the dissemination and
implementation of the
2030 Agenda. The Brazilian
Institute of Geography
and Statistics (or IBGE,
abbreviation in Portuguese)
and the Institute for Applied
Economic Research (or IPEA,
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8.1. T arget 6.1: By 2030, achieve universal and equitable
access to safe and affordable drinking water for all

São Paulo’s Performance on Sustainable
Development Goal 6: Ensure Availability
and Sustainable Management of Water and
Sanitation for All

According to IBGE in 2016, São Paulo virtually achieved Target
6.1 as 99.9% of State’s population used safely managed
drinking water services, representing the best performance in
terms of access to drinking water in Brazil (IBGE).

The 2017 Report on the progress towards the Sustainable
Development Goals reveals that more than 2 billion people
around the globe are living in countries with excess water
stress. The level of water stress is was calculated based on
SDG indicator 6.4.2, namely the ratio of total freshwater
withdrawn to total renewable freshwater resources,
considering a threshold of 25 per cent (United Nations, 2017,
p. 9). As a matter of fact, water stress is not only a problem
to be addressed in desert regions and countries. Brazil, for
instance, has one of the largest water reserves in the world
but faces serious water shortages. In this context, the recent
(and still not resolved) water crisis in São Paulo, Brazil’s most
industrialized and populous State, reveals interesting aspects
on the importance of water governance.

8.2.Target 6.2: By 2030, achieve access to adequate and
equitable sanitation and hygiene for all and end open
defecation, paying special attention to the needs of
women and girls and those in vulnerable situations

The 2030 Agenda and its Sustainable Development Goals
(SDGs) are inspiring numerous initiatives aimed at improving
public management in Brazil. Among other things, local
(i.e. municipal) and state governments are increasingly
using the SDGs in their strategic planning. As mentioned
above, Brazilian agencies are still working on the adaptation
of the SDGs. The State of São Paulo, in turn, has not yet
implemented this agenda in its Multiannual Plan (Plano
Plurianual or PPA, for the abbreviation in Portuguese). It is
possible, however, to assess São Paulo’s performance on SDG
6 by analysing and compiling the information available in its
latest PPA and on other official data provided by government
agencies such as the Brazilian Institute of Geography
and Statistics (or IBGE, abbreviation in Portuguese), São
Paulo’s Environmental Company (or CETESB, abbreviation
in Portuguese) and the National Water Agency (or ANA,
abbreviation in Portuguese).
IBGE and SABESP official data was used to evaluate the
current situation of each target and sub-target. Some data
could be underestimated and are contested by civil society in
a recent report (GTSC para Agenda 2030, 2018).

IBGE is still working on the construction of indicator 6.2.1 (See
IBGE). According to the Government of São Paulo, 96.5% of the
State’s population used safely managed sanitation services in
2013 (Governo do Estado de São Paulo, 2015a, p. 41; p. 57).

8.3. Target 6.3: By 2030, improve water quality by
reducing pollution, eliminating dumping and
minimizing release of hazardous chemicals and
materials, halving the proportion of untreated
wastewater and substantially increasing recycling and
safe reuse globally
Indicators 6.3.1 and 6.3.2 are also under construction
(See IBGE), but the latest Atlas do Esgoto report, published in
2017 by the National Agency of Water, reveals that
the sewage collection and treatment in the São Paulo
account for 87% and 64%, respectively (Agência Nacional de
Águas, 2017, p. 31). The report estimates that the investment
required to universalize sewage collection and treatment
in Brazil until 2035 is R$ 149.5 billion (ca. 38 billion USD).
For the same purpose, the State of São Paulo must invest
13% of this amount (around 5 billion USD) (Ibid., Agência
Nacional de Águas, 2017, pp. 72-73). According to São Paulo’s
current Multiannual plan, the budget allocated for the State
Secretariat of Sanitation and Water Resources for this term
(2016-2019) is R$ 7.3 billion (around 1.8 billion USD) (Governo
do Estado de São Paulo, 2015b, p. 15).
As far as water quality is concerned (indicator 6.3.2), CETESB
latest report on the quality of water in the State of São Paulo
reveals that, in 2017, 47% of water analysed was considered
excellent or good. This number is based on the Water Quality
Index for Public Supply (Índice de Qualidade da Água Bruta
para fins de Abastecimento Público, in Portuguese) (CETESB,
2018, p. 115).
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Target

Indicator

Performance

6.1 By 2030, achieve universal and equitable
access to safe and affordable drinking water
for all

6.1.1 Proportion of population using safely
managed drinking water services

99.9% (2016)

6.2 By 2030, achieve accesss to adequate and
equitable sanitation and hygiene for all
and end open defecation, paying special
attention to the needs of women and girls
and those in vulnerable situations

6.2.1 Pro portion of population using
safely managed sanitation services,
including a hand-washing facility with
soap and water

96.5% (2013)

6.3 By 2030, improve water quality by reducing
pollution, eliminating dumping and
minimizing release of hazardous chemicals
and materials, halving the proportion of
untreated wastewater and substantially
increasing recycling and safe reuse globally

6.3.1 Proportion of wastewater safely
treated
6.3.2 Proportion of bodies of water with
good ambient water quality

64% (2017)

6.4 By 2030, substantially increase water-use
efficiency across all sectors and ensure
sustainable withdrawals and supply of
freshwater to address water scarcity and
substantially reduce the number of people
suffering from water scarcity

6.4.1 Change in water-use efficiency over
time
6.4.2 Level of water stress: freshwater
withdrawal as a proportion of
available freshwater resources

No consolidated data
available
36.1%(2016)

6.5 By 2030, implement integrated water
resources management at all levels,
including through trans boundary
cooperation as appropriate

6.5.1 Degree of integrated water resources
management implementation (0-100)
6.5.2 Proportion of trans boundary basin
area with an operational arrangement
for water cooperation

Data available only for
the national level
Not applicable for São
Paulo

6.6 By 2020, protect and restore water-related
ecosystems, including mountains, forests,
wetlands, rivers, aquifers and lakes

6.6.1 Change in the extent of water-related
ecosystems over time

No consolidated data
available

6.A.1 Amount of water- and sanitationrelated official development
assistance that is part of a
government-coordinated spending
plan

Under construction;
detailed analysis
required

6.B.1 Proportion of local administrative
units with established and operational
policies and procedures for
participation of local communities in
water and sanitation management

Under construction;
in São Paulo, lack of
transparency and room
for participation

6.A By 2030, expand international cooperation
and capacity-building support to developing
countries in water- and sanitation-related
activities and programmes, including water
harvesting, desalination, water efficiency,
wastewater treatment, recycling and reuse
technologies

6.B Support and strengthen the participation of
local communities in improving water and
sanitation management

47% (2017)

Table 6-1 São Paulo’s performance on SDG 6 (clean water and sanitation), accoroding to official data
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8.4. T arget 6.4: By 2030, substantially increase water-use
efficiency across all sectors and ensure sustainable
withdrawals and supply of freshwater to address water
scarcity and substantially reduce the number of people
suffering from water scarcity
Indicators 6.4.1 and 6.4.2 for Brazil are still under construction
(See IBGE). While no consolidated data for change in wateruse efficiency over time is available (indicator 6.4.1), it is
possible to analyse the level of water stress (according to
indicator 6.4.2) in the country and per region. The latest
report by Brazil’s Ministry of Cities for water and sanitation
services points out that no state in Brazil has reached
the first and second thresholds for water withdrawal, with
a loss of distribution of less than 20% and between 20 and
30%, respectively. In 2016, the national average of water
withdrawal was 38.1% and São Paulo, ranked 8th in Brazil,
performed slightly better than the average, with 36.1% of
distribution loss, behind Tocantins, Goiás, Rio de Janeiro,
Paraná, Minas Gerais, Distrito Federal and Mato Grosso states
only ahead of Espírito Santo in Southeast region (Ministério
das Cidades, 2018, pp. 41–42).

8.5. T arget 6.5: By 2030, implement integrated water
resources management at all levels, including through
transboundary cooperation as appropriate
There are no disaggregated data available for the subnational
level (See IBGE). In 2016, the degree of integrated water
resources management implementation (indicator 6.5.1) in
Brazil was 50.5%. In turn, the proportion of transboundary
basin area with an operational arrangement for water
cooperation (indicator 6.5.2) was 64.2% (Ibid.). To analyse
São Paulo’s performance on the indicator 6.5.1, more data
is necessary. In any case, it is possible to report that, in the
current Multiannual Plan (2016-2019), the State of São Paulo
allocated R$ 797.4 million (ca. 200 million USD) across two
programmes that are in line with indicator 6.5.1 (Governo do
Estado de São Paulo, 2015b, p. 15; 2015a, pp. 56–57).2
The indicator 6.5.2, in turn, is not applicable for the State of
São Paulo.

8.6. T arget 6.6: By 2020, protect and restore waterrelated ecosystems, including mountains, forests,
wetlands, rivers, aquifers and lakes
Indicator 6.6.1 is under construction (IBGE) and there are
no consolidated data for the change in the extent of waterrelated ecosystems over time in São Paulo. Nevertheless, it
is important to report that the deforestation rate of Atlantic
Rainforest in São Paulo has importantly decreased since
the early 2000s. In the period 2016-2017, 90 hectare were
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deforested, representing a decrease of 87% comparing with
the former period (2015-2016). Yet the deforestation rate
between 2014 and 2015 was 45 hectares, i.e. 50% of current
rate, which means that zero deforestation is a persisting
challenge (SOS Mata Atlântica & INPE, 2018, p. 50). According
to São Paulo’s current Multiannual Plan (2016-2019), almost
3.5 billion Reais (or 875 million USD) are allocated across
three programmes for environmental protection, ecological
restoration and sanitation (Governo do Estado de São Paulo,
2015b, p. 14).3

8.7. Target 6A: By 2030, expand international cooperation
and capacity-building support to developing countries
in water- and sanitation-related activities and
programmes, including water harvesting, desalination,
water efficiency, wastewater treatment, recycling and
reuse technologies
This target is under analysis and construction (IBGE).
A detailed analysis is required to define whether this target
and its indicator (6.A.1, Amount of water- and sanitationrelated official development assistance that is part of a
government-coordinated spending plan) are applicable for
the State of São Paulo.

8.8. T arget 6B: Support and strengthen the participation
of local communities in improving water and
sanitation management
This target is also under analysis and construction (IBGE).
It presents a broad indicator (6.B.1, Proportion of local
administrative units with established and operational
policies and procedures for participation of local
communities in water and sanitation management), to which
there is no consolidated data for the State of São Paulo.
The lack of systematized data for target 6B is also highlighted
by the 2018 Spotlight Report launched by the Civil Society
Working Group for 2030 Agenda in Brazil (GTSC para Agenda
2030, 2018, p. 31).
As far as the participation of the civil society in São Paulo’s
water governance is concerned, controversy and contestation
are at stake. While the State Government reports that public
consultations to address society’s demands on several
issues, including water and sanitation, have taken place
(Governo do Estado de São Paulo, 2015a, pp. 18–20), scholars
have stressed the lack of transparency and room for public
debate and participation in improving water and sanitation
management, especially during the 2013-2015 Water Crisis
in São Paulo (Jacobi et al., 2015). This lack of transparency
is confirmed, for instance, by the lack of systematic data
on the civil society’s participation in water and sanitation
management.

09

a tariff increase for consumers
who did not reduce their
consumption. But this practice
of granting price reduction
as an incentive to more
moderate use was ended when
the government considered
that the crisis was over in early
2015. In this context, preventive
and adaptive management
should have been done once
it was diagnosed the water
vulnerability of the region.

Resistance to Lack of Transparency,
Accountability and the Role of Societal
Initiatives
São Paulo government’s strategy to deal with the water
crisis was to emphasize on the reduction of the pressure in
the water distribution system. The reduction of pressure
according to SABESP is a technology practiced normally
by sanitation companies to reduce water leakages.
During the water crisis, SABESP intensified this process
to confront the water scarcity and to avoid – according to
the information available in its site –the exhaustion of its
reservoirs and contribute to the maintenance of supply until
normality of rain is recovered. The central and intermediate
neighborhoods were very little affected given that buildings
and unfamiliar households have adequate water reservoirs
and in general did not suffer lack of water.

The most
effective action was
the development of
a bonus policy for
those who conserve
water.

However, the focus given by public officials for this situation
ignored the collaborative and integrated management
of urban water sources and participatory governance,
prioritizing emergency works to interconnect the supply
systems and disregarding social and environmental issues,
in particular the environmental licensing process (Jacobi
et al., 2015). Some measures were taken with adequate
environmental licensing and with no public debate due to
the need to solve the problem in an immediate engineering
approach.

This reduced the leakage losses in distribution piping
(estimated at 30%), but damaged several districts located in
higher areas of the São Paulo metropolitan region. There was
rationing in several neighborhoods, with the interruption of
supply lasting a few days. The government preferred to call
these two actions "water restriction" rather than using
the term "rationing". These semantic strategies aimed to
poorly inform the people and seek to minimize negative
perception among the population.
During the crisis, educational actions undertaken by SABESP
were very limited. There was no guidance on ways to save
water, no explanation about techniques for reusing of water
or the possibilities regarding the collecting of rainwater. Being
SABESP, there was the impression that SABESP feared that
after the crisis consumption would remain low, damaging its
profits. This situation had already occurred at the beginning
of this century, when there was a need to ration the use of
electric energy. At that time, as the population learned to save
energy, the billing of electricity generation and distribution
companies remained low even after the power rationing was
ended.
This concern with billing was evident when the tariff
policy applied to large consumers, such as industries,
universities and shopping centers, was analyzed. To
prevent these organizations from using water wells as an
alternative, SABESP offered a reduced tariff as long as these
organizations-maintained consumption above a certain level
(negotiated case by case).
The most effective action was the development of a bonus
policy for those who conserve water. This practice took as
reference the average consumption of each residence. If
consumption were lower than this average, the tariff per cubic
meter would be lower. On the other hand, there was

Therefore, there was political incoherence in the process
because there was lack of transparency in the communication
of the measures regarding the crisis for the population as well
as centralization in decision-making. The constant negatives
of the State Government related to the gravity of the crisis,
hindered the involvement of civil society to confront it, as
it also served as a justification for initiatives arising from
different articulations of NGOs and community organizations
as well as the water basin committee not to be considered.
The Crisis Committee created by the central government
practically had no meetings and did not produce the expected
outcomes when of its creation: development of a contingency
plan as well as a communication plan to keep population
informed about the situation and measures to be taken
(Jacobi et al., 2015).
By analyzing the crisis from a historical perspective, it is to
be observed the prevalence of a refractory position of the
state government to accept the crisis. The daily bulletins on
the existing volume of water in reservoirs were constantly
questioned and at a certain moment of the crisis in April 2015
the Public Prosecution at Federal and State level determined
that the effective volume of water of the Cantareira reservoir
should be disclosed. It was necessary its intervention in order
to the State Government took the necessary measures to
confront the water crisis, as the lack of communication and
dialogue, as well as the lack of proposals and information
that could contribute to a debate between the different
stakeholders and water users of the Cantareira System, that
led to the depletion of water resources of the main reservoir
of the region.
Various non-governmental organizations developed activities,
actions, initiatives and projects to inform the population,
focusing the actions of public officials and working cohesively
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for water governance with a focus on the new culture of care
for water (Aliança pela Água, 2015). The movements and
articulations of NGOs developed strategies to denounce
the crisis and exerted pressure towards authorities to allow
the participation of civil society with propositions and
solutions, to guarantee equity in access to water and expand
the channels of mobilization. And it is relevant to stress that
during the debates that took place during the crisis, it was
verified that SABESP, did not carry out between 2008 and
2013 the necessary foreseen investments in public works to
increase water supply.

10

Conclusion

The analysis of São Paulo’s Performance on SDG 6 (clean
water and sanitation) reveals important aspects of and
challenges for sustainable water governance. On the one
hand, according to IBGE data Brazil’s most populous State
virtually achieved universal access to drinking water (99.9%)
and to managed sanitation services (96.5%) (SDG targets 6.1
and 6.2, respectively), according to the latest data available
(2016 and 2013, respectively). Nevertheless, the analysis
would benefit from more updated data, as these numbers
are expected to vary over time, depending on the population
growth and the respective provision of services and
infrastructure. On the other hand, São Paulo faces three main
challenges for sustainable water governance.

The possibility of an extremely critical situation was already
anticipated for at least a decade by specialists in the field,
especially in São Paulo, pointing that upcoming shortage
of water to a level that consumption would exceed water
availability. In São Paulo, during the crisis of 2014-2015, the
decreases in rainfall in the southeastern region of Brazil
presented a predictable scenario of water scarcity in 2015.
But it is important to note that in addition to the difficulties
related to hydrological cycles and water
availability, there are still human-made factors
that interfere with the quality and quantity of
Performance
the resource: inland sewage disposal,
the effects of climate change on water
assessment of
production and the lack of investments in
Sustainable
water storage and distribution infrastructure.
Although the focus of the news on the water
crisis is the lack of rainfall, it can be observed
that the denial of the possible crisis,
the critical situation and the delays in
proposing effective measures to minimize it,
revealed governance problems.
The lack of governance of the water
management system was already signalized
envisaged by specialists since the end of
the 80’s, as recommendations were made
to increase water availability in the region
and less dependency of water import from
neighboring watersheds.
In 2004, the Department of Water and
Electric Energy –DAEE – responsible for
the management of water resources and
coordinator of the integrated system of
the State of São Paulo recommended a set of
actions to increase water availability.

Development
Goals, through its
advantages and
limitations, is a
useful exercise
to guide water
governance
and decisionmaking processes
anywhere.

First, only 64% of wastewater are safely
treated (indicator 6.3.1). In a State where more
than 45 million people live, this is worrisome
and certainly impactful in environmental
and socioeconomic terms. Second, and most
likely a consequence of the former, only 47%
of São Paulo’s bodies of water were classified
as excellent or good in terms of ambient water
quality (indicator 6.3.2). Finally, although
ranking among the most effective States in
Brazil in water withdrawal (indicator 6.4.2),
it is critical to emphasize another worrisome
scenario: there is no State in Brazil where
the average of loss of distribution is below
30%. Given the recurring problems with water
shortages in the country and particularly in
São Paulo, these numbers deserve special
attention and concern.

As far as indicators 6.4.1, 6.5.1, 6.6.1 and
6.B.1 are concerned, no conclusive analysis
is possible due to the lack of systematic and
consolidated data. In any case,
the numbers presented by São Paulo’s 20162019 Multiannual Plan, official reports as well
as the discussions promoted by academics and civil society
actors reveal a scenario of progress in some aspects
(e.g. reduction of Atlantic Rainforest deforestation) and
limitations and controversy in others (e.g. lack of data,
transparency and room for participation in decision-making
processes).
Last but not least, this paper corroborates with civil society’s
2018 Spotlight Report for the 2030 Agenda claims for
integrated implementation of water resources management
at the national and subnational levels in Brazil with more
transparency and through participatory processes (c.f. GTSC
para Agenda 2030, 2018, pp. 31–32). To this end, governance
structures must be adapted to local conditions and needs
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(UN Water, 2013) and public management should benefit from
the efforts towards adapting the global goals and targets
for sustainable development to their respective contexts by
considering their indicators in multiannual plans and strategic
planning (Rosa dos Santos et al., 2018).
In a nutshell, this goal-based performance analysis unearths
relevant aspects and challenges for water governance in
São Paulo, including in terms of indicators establishment
and availability of data. In fact, performance assessment of
Sustainable Development Goals, through its advantages and
limitations, is a useful exercise to guide water governance
and decision-making processes anywhere. Accordingly, we
expect that the governance aspects highlighted in this paper
inspire further research on water governance and integrated
approaches for water management and sustainable
development.
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Abstract
The contribution discusses the transdisciplinary dimensions of water security in the framework of global change syndromes
according to Schellnhuber et al. (1997), as there are: Utilization Syndromes (Sahel, Overexploitation, Rural Exodus, Dust Bowl,
Katanga, Mass Tourism, Scorched Earth), Development Syndromes (Aral Sea, Green Revolution, Asian Tiger, Favela, Urban Sprawl,
Disaster), and Sink Syndromes (Smokestack, Waste Dumping, Contaminated Land). Through case studies, illustrated with
a cause-and-effect analysis the drivers and pressures on water resources for the global change syndromes are described, and their
resulting impacts in relation to the UN Sustainable Development Goals (SDGs), also known as Agenda 2030. In addition, we show
the responses while focusing on success stories of dealing with global change syndromes. In the water-related transdisciplinary
context of SDG6, the proposed topic relates further to the SDGs 1, 2, 3, 4, 7, 8, 9, 11, 12, 13, 14, 15 and 16. The syndrome approach
forces systems thinking to analyze the interlinkages between sectors and approaches, and as such is a feasible teaching tool for
the assessment and implementation of a Nexus approach, supporting strongly SDG17 – partnership for the goals.
The results shall support to disseminate information on water security and the SDGs, providing the water community with
illustrative material, which can be used also for teaching purposes on different educational levels.

Keywords
Global change syndromes, planetary boundaries, global water security
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Introduction
With the 2030 Agenda for Sustainable Development,
the international community expresses its conviction that
global challenges can only be solved together. The Agenda
lays the foundation for shaping global economic progress
in harmony with social justice and within the Earth's
ecological boundaries.
At the heart of the agenda is an ambitious catalog of 17
Sustainable Development Goals (SDGs) (United Nations,
2015a). The Agenda 2030 represents a new global
understanding of transforming economies towards
sustainable development, for example through responsible
consumption and production patterns and clean and
affordable energy. It becomes clear that climate policy,
sustainable development and poverty reduction are
inextricably interwoven.
The importance of water to the international community is
made clear by the inclusion of the ambitious target 6:
“Ensure availability and sustainable management of water
and sanitation for all by 2030.” (United Nations, 2015a).
The Human Right to Water and Sanitation (HRWS) was
already recognised by the UN in 2010 (United Nations General
Assembly, 2010), and later on highlighted as separate but
equal in 2015 (United Nations, 2015b).

Worldwide,
around 4 billion
people, or twothirds of the world’s
population, do not
have enough water
for at least one
month a year,
so they suffer severe
water scarcity,
which is divided
into two aspects:
shortage and
stress.
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1.1. Dimensions of Water Security
Water security was defined as “the reliable availability of
an acceptable quantity and quality of water for health,
livelihoods and production, coupled with an acceptable level
of water-related risks” (Grey & Sadoff, 2007). The further
development of the characterization by the UN-Water Task
Force on Water Security (2013) lead to the following definition:
“The capacity of a population to safeguard sustainable access
to adequate quantities of and acceptable quality water for
sustaining livelihoods, human well-being, and socio-economic
development, for ensuring protection against water-borne
pollution and water-related disasters, and for preserving
ecosystems in a climate of peace and political stability”.
Worldwide, around 4 billion people, or two-thirds of the
world's population, do not have enough water for at least one
month a year, so they suffer severe water scarcity, which is
divided into two aspects: shortage and stress (Kummu et al.,
2016) (See Figure 7-1). According to Kummu et al. (2016) water
shortage refers to the impact of low water availability per
person, while water stress refers to the impact of high water
use (either withdrawals or consumption) relative to water
availability. The population under water scarcity increased
from 0.24 billion (14% of global population) in the 1900s to
3.8 billion (58%) in the 2000s (Kummu et al., 2016). 1.8 to
2.9 billion people suffer from severe water shortages for 4
to 6 months a year, and about 0.5 billion people year-round
(Mekonnen & Hoekstra, 2016).

Figure 7-1 Overview of the dimensions of water stress (World
Resources Institute, 2013)

1.3. Global Change Syndromes
The word “syndrome” stems from ancient Greek and refers
to a confluence of various factors. In the medical field,
syndromes are complex clinical pictures. The syndrome
approach is a method for considering problems in the
environmental, economic, social and cultural fields, which
are divided into different syndromes (WBGU, 1994, 1996;
Schellnhuber et al., 1997). The basic hypothesis of the
syndrome concept is the assumption that global change can
be traced back to a manageable number of typical patterns
or trends of causal relationships at the human-environment
interface (WBGU, 1994, 1996; Schellnhuber et al., 1997).
The trends or symptoms (Harenberg, 2011) of global change
denote highly complex natural and anthropogenic processes
and describe the most important developments in global
change as qualitative elements. As such, the syndrome
concept has four goals:
Figure 7-2 Estimates of how the different control variables for seven
planetary boundaries have changed from 1950 to present (Source
Stockholm Resilience Centre, 2013). The green shaded polygon
represents the safe operating space (Source Steffen et al., 2015)

In the frame of the SDGs, water security plays a fundamental
role for several related SDGs, particularly SDGs 1 (No Poverty),
2 (Zero hunger), 3 (Good Health and Well-Being for People),
4 (Quality Education), 7 (Affordable and Clean Energy), 8
(Decent work and economic growth), 9 (Industry, innovation
and infrastructure), 11 (sustainable cities and communities),
12 (Responsible consumption and production), 13 (Climate
action), 14 (Life below water), 15 (Life on Land), and 16
(Peace, justice and strong institutions). The opposite of water
security, water stress can be caused by natural factors, such
as floods and droughts, or be due to water scarcity that arises
with rivaling water demands, and can also occur when there
is reduced access to drinking water or access to poor water
quality (UNESCO, 2015). Water stress is thus influenced by
various global change factors such as population growth,
urbanization and economic growth, and climate change.

1.2. Global Change and Planetary Boundaries
Global Change is a process that transforms the operational
mode of the planetary ecosystem, thereby generating
cascades of significant (and possible irreversible) impacts on
a majority of individuals in present and future generations
(WBGU, 1994). In this regard, the global change process is
closely linked with the concept of planetary boundaries of the
Stockholm Resilience Centre (Rockström et al., 2009).
These boundaries define the safe operating space for
humanity with respect to the earth’s system and are
associated with the planet’s biophysical subsystems or
processes (Rockström et al., 2009) (See Figure 7-2). Even if
some of the limits that have not yet been surpassed globally,
some already exceed regional tolerance limits, such as water
consumption in the western US, as well as in parts of southern
Europe, Asia and the Middle East.

• S
 ystematic, functionally oriented overview of the processes
of global change on different spatial and temporal scales;
• Identification of non-sustainable developments of
development patterns in order to determine the guidelines
for a “sustainable development”;
• Contribution to the operationalization of the sustainability
concept;
• Identification of the decomposition of global change into
functional patterns.

The syndrome concept is a heuristic approach, which,
however, intuitively does justice to the complexity of humanenvironment interactions within global change. Syndromes
or “(global) clinical pictures” (WBGU, 1996) involve different
interacting symptoms that explain mechanisms of change
(feedback effect, synergetic effect, and symbioses) (Schindler,
2005). Syndromes thus represent characteristic, generalized
constellations of symptoms and interactions (Cassel-Gintz
& Bahr, 2008). However, individual symptoms can be part of
different syndromes (Schindler, 2005).
In the process of syndrome
identification, generalizations
regarding the interactions
between the individual
symptoms are possible
(e.g. “the more intensive the
agriculture, the higher the soil
degradation”) (Cassel-Gintz
& Bahr, 2008). Each syndrome
involves a fixed core mechanism
(certain interactions between
symptoms). In addition, however,
it remains regionally flexible,
since other symptoms can occur
depending on the circumstances
(Schindler, 2005). The identified
syndromes were classified by
the WBGU into the three groups,
namely: “use” (with a total of
7 syndromes), “development”

The syndrome
approach is
a method for
considering
problems in the
environmental,
economic, social
and cultural fields,
which are divided
into different
syndromes.
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Syndrome

Explanation

Example

Sahel-Syndrome

agricultural overuse of marginal habitats

Sahel Zone

Rural Exodus

environmental degradation through the
abandonment of traditional forms of land use

Western Africa

Depletion- (or overexploitation)
Syndrome

depletion of natural ecosystems

deforestation of tropical rain forests,
for example, in Brazil

Dust-Bowl-Syndrome

temporary industrial cultivation of soil
and water

Mid-West of the USA, Western Europe

Katanga-Syndrome

environmental degradation through
destruction of non-renewable resources

Raw Material Mining (Diamond Mines),
Mining

Mass Tourism -Syndrome

development and damage of natural areas
for recuperation reasons and tourism

Mallorca, Tenerife

Scorched-Earth-Syndrome

environmental destruction
through military use

Vietnam War

Table 7-1 Use Syndromes (Schellnhuber et al., 1997)

Syndrome

Explanation

Example

Aral Sea-Syndrome

environmental damage due to intentional
nature-design for large projects

Aral Sea, Three-Gorges-Barrage, Lake
Chad

Green-Revolution-Syndrome

environmental degradation through the
expansion of habitat-strange agricultural
production methods

Green Revolution in India or China,
Green Houses

Small-Tiger-Syndrome

neglect of ecological standards in the
course of highly dynamic economic growth

Indonesia, Vietnam

Favela-Syndrome

environmental degradation through
unregulated urbanisation

Marginal Towns in Mega Cities

Urban Sprawl Syndrome

landscape damage through planned
expansions of cities and infrastructures

Suburbanisation in North America or
Europe

Disaster-Syndrome

singular, human caused environmental
catastrophes with long-term effects

Tailings Pond Spills, Chernobyl,
Fukushima

Table 7-2 Development Syndromes (Schellnhuber et al., 1997)

Syndrome

Explanation

Example

Smokestack-Syndrome

environmental degradation through long
range diffuse distribution of most durable
agents

Ozone Layer

Landfill-Syndrome

environmental consumption through
regulated and unregulated dumping of
human waste

Landfills on the Outskirts of
Large Cities

Contaminated Sites -Syndrome

local contamination of environment
commodities from industrial production
facilities

Western and Eastern Europe,
for instance Manchester-LiverpoolBirmingham,

Table 7-3 Sink Syndromes (Schellnhuber et al., 1997)
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(with a total of 6 syndromes) and “sink” (with a total of 3
syndromes) (WBGU, 1996; Schellnhuber et al., 1997).

02

The syndrome group “use”, which describes syndromes as
a result of an unadjusted use of natural resources as
production factors, is assigned seven different syndromes
(See Table 7-1).

Methodology

Another six syndromes are assigned to the syndrome
group “development”, which includes human-environment
problems resulting from non-sustainable developmental
processes (See Table 7-2).

The focus of the analysis was laid on global syndromes
with a particular impact on assessing water stress to
achieve water security. With its four dimensions – water
availability/water scarcity, accessibility, quality and
environmental flows – water stress was used to assess
relevant syndromes.

The remaining three syndromes are assigned to the group
“sinks”, which addresses environmental degradation through
unadjusted civilization disposal (See Table 7-3).

1.4. Cause-and-Effect Analysis

For each syndrome that relates to a dimension of water stress,
we undertook a cause-and-effect analysis by an empirical key
driver analysis (KDA) which allows to identify what features
or aspects have the biggest impact on an outcome variable
(Alberts & Dorofee, 2009). We then used a case study for each
syndrome to illustrate the cause-and-effect analysis and
success stories to show how to overcome the impacts.

The Cause-and-Effect Analysis is a diagram-based technique
to identify likely causes of problems (Ishikawa, 1968; 1990).
Although it was originally developed as a quality control tool,
the technique is feasible also for purposes, like:
• Discovering the root cause of a problem.
• Uncovering bottlenecks in a process.
• Identifying where and why a process is not working.

An Ishikawa diagram is a particular type of Cause-and-Effect
Analysis which works through the visualization of categories
of the potential causes of a problem in order to identify their
root causes (Ishikawa, 1968; 1990). It covers the categories
“Equipment”, “Process”, “People”, “Materials”, “Environment”,
and “Management”. The syndromes described in the earlier
section are to a large extend ‘problems’. Ishikawa diagrams
may help in visualizing the causes of syndromes by splitting
up the problem into several categories.

1.5. Scope of this article
The scope of this contribution is to assess water security
in the framework of global change syndromes according to
Schellnhuber et al. (1997) by means of a cause-and-effect
analysis (Ishikawa-Diagrams) to highlight the drivers
and pressures on water resources, and the resulting impacts
in relation to the SDGs. Case studies of water-security
related syndromes are used to illustrate the current global
situation of stressed Planetary Boundaries.
The contribution also highlights success stories and their
contributions to the implementation of the SDGs. Success
stories indicate options to take measures for improvement of
water stress.
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3.1. C ause-and-effect Analysis for Use Syndromes
and Respective Cases

Results: Correlating Water Related Global
Change Syndromes and Agenda 2030
Use syndromes depend strongly on population growth,
and the related resource consumption for economic
development. Underlining the interrelation, we selected
the Sahel syndrome, which forces rural exodus. People seek
a better life (Favela syndrome) and leave their homes (Rural
exodus syndrome) to improve their economic situation. When
societies start to develop, they use resources for urbanization
(Katanga syndrome, Aral Sea syndrome), drive agricultural
(Green revolution syndrome) and industrial development
(Smokestack syndrome). Usually, the development activities
cause severe environmental impacts and societal challenges
which call urgently for a sustainable development approach
as outlined in the Agenda 2030.
We selected the following syndromes for further cause-andeffect analysis, because the WBGU (1996) showed that these
had significant water shortage effects and negative impacts
on water resources:
1. Use Syndromes
a. Sahel syndrome,
b. Rural exodus syndrome,
c. Katanga syndrome,
2. Development Syndromes
a. Aral Sea syndrome,
b. Favela syndrome,

Use syndromes are based on the use and consumption of
natural resources, as expressed for instance through the
Water-Energy-Food Nexus. There are sectoral demands on
the available water resources which in practice are often not
equivalent with the available resources. In terms of water
resources, Use syndromes lead to the depletion of water
resources from water shortages all the way to water scarcity
(See Table 7-4 for the water stress relevant Use syndromes).

3.1.1. Sahel Syndrome
The Sahel-Syndrome refers to Agricultural overexploitation
of marginalized sites. This is the exceedance of the ecological
carrying capacity in regions that are of limited agricultural
use. Symptoms include destabilization of ecosystems, loss
of biodiversity, soil degradation, higher risk of drought due
to deforestation, desertification, food security threats,
marginalization, and rural exodus. The results of the Ishikawa
diagram are shown in Figure 7-3.
Marginal land is land that is of little agricultural value because
crops produced from the area would be worth less than any
rent paid for access to the area (Baumol & Blinder, 2011).
Peterson & Galbraith (1932) considered that the term marginal
is often used in a subjective sense for less-than-ideal lands,
in this way being fundamentally an economic term. There
are several types of reasons for land being marginal, for
poor water supply, poor soil quality, pollution from previous
industrial activities, terrain challenges such as excessive
slope, or excessive distance from means of transportation
(Pimentel, 2012).

3. Sink Syndromes
a. Smokestack syndrome.

Syndrome

Explanation

Relation to water stress

Sahel-Syndrome

agricultural overuse of
marginal habitats

leads to a reduction of water resources and water
availability, driver for drought, often related to poor water
supply, driver of climate change

Rural-Exodus-Syndrome

environmental degradation
through the abandonment of
traditional land use forms

traditional water management structures which are
based on family structures (water collection and
distribution) are abandoned and might be replaced after
a while replaced through industrial structures

Katanga-Syndrome

environmental degradation
through destruction of nonrenewable resources

freshwater shortage, runoff, pollution of rivers,
destruction of river beds, contamination and qualitative
freshwater scarcity

Table 7-4 Selected Use syndromes and their relation to water stress
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3.1.1.1. Case Study: Chingaza National Park in Colombia
An example of the Sahel syndrome which is quite well
documented is the Chingaza National Park in the mountains
of Colombia, which provides the freshwater sources for
the capital Bogotá. The region is formed by the Páramo,
an Andes ecosystem above the continuous forest line with
harsh climate and ecological conditions. The Chingaza
National Park is located in the Eastern Andes, in the
departments of Cundinamarca and Meta of Colombia,
at altitudes between 800 and 4,020m above sea level NN, with
the largest part of the area at altitudes over 3,300m above sea
level (Lora, 1999). The park is protected since 1977.
Water represents the most important ecosystem service as
about 70% of the water needs of the capital city of Bogotá and
its surroundings come from the park area. The area is only
marginally suited for agriculture.
The ecosystem services of the Chingaza National Park
are threatened by natural factors, such as natural fires
and weather phenomena such as El Niño, which cause
precipitation and drought. With global warming and
agriculture, the spread of herbivorous insects in the national
park is favored (→ loss of fauna, effects of invasive fauna and
flora). The plant species Espeletia, which plays an important
role in the water balance of the area, is at risk (→ loss of fauna,
water resources depletion due to reduced groundwater
recharge, driver of climate change).
The ecosystem is also threatened by anthropological
influences: Runaway dogs that endanger the fauna of the area
(→ loss of fauna); the construction of roads, pipelines, dams,
shelters (→ loss of land resources, higher risk of drought due
to deforestation, higher flood risk due to land sealing); mining
and deforestation (→ loss of vegetation, driver of climate
change).

Agriculture has the most intense influence, even though
the area is not very fertile (→ changed succession patterns).
Monoculture areas reduce natural barriers to wildfires as
the natural variety of the plant structure is which can reduce
the risk of fire is altered (→ changed succession patterns,
increase of the drought risk). In an intact Páramo, the natural
vegetation of the region (Morales et al., 2007), there are plant
structures that survive these fires due to their structure and
root system (Bedoya Zuluaga, 2014). The creation of grazing
land, however, destroys the Páramo and encourages
the spread of certain herbs and grasses (→ loss of vegetation)
encouraging the spread of wildfires.
3.1.1.2. Is there a success story?
In the face of the endangered water resources, the water
supplier has undertaken efforts to better protect the water
resources in the Chingaza National Park to avoid qualitative
and quantitative water shortage. Generally, there are various
mechanisms for financing the protection of ecosystems.
One of them is the Payment for Ecosystem Services (PES).
The principle is based on transferring the payment of benefits
in the form of money from the users of the ecosystem services
to the suppliers and compensating them for their efforts
to protect ecosystems (Secretariat of the Convention on
Biological Diversity, 2010). The payments create
the motivation for behavioral change to protect ecosystems.
This principle works particularly well with water supply, since
water consumption usually already has financial structures in
place (user fees or government investment) (Secretariat of the
Convention on Biological Diversity, 2010).
In Colombia, since 2008, PES has been used by the Bogotá
Water Fund to protect the water resources of the capital,
Bogotá. The Nature Conservancy (TNC) has formed
the Water Fund with partner organizations, local authorities

Figure 7-3 Cause-and-effect analysis of the Sahel syndrome
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and companies to improve water quality (Secretariat of
the Convention on Biological Diversity, 2010).
This financial protection mechanism works by compensating
the landowner, as for example, in the Bogotá River catchment
for their efforts to protect forests and soil (Bogotá Water
Fund). Compensation in the form of cash payments is realized
through a fund financed by public and private sector funds
(Bogotá Water Fund). The water prices of the residents are
not affected by this. Potable water quality and quantity
are expected to be improved through the protection of the
Páramo, thus significantly reducing water treatment costs
by 88 billion pesos over a stretch of ten years (Bogotá Water
Fund) through optimization of the treatment processes.

3.1.2. Rural Exodus Syndrome
The Rural exodus syndrome refers to Environmental
degradation through the abandonment of traditional land use
forms. Traditional, formerly sustainable forms of agriculture
cannot be maintained due to high work intensity and
emigration of mostly young, male populations. The symptoms
here are genetic erosion, soil erosion, rural depopulation,
endangering food security, lack of water management and
marginalization. The results of the Ishikawa diagram are
shown in Figure 7-4.
3.1.2.1. Case Study: Rural-urban migration in Uganda
By 2030 at the latest, the UN estimates, that more Africans
will live in cities than in the countryside (United Nations,
Department of Economic and Social Affairs, Population
Division, 2014) producing more and higher polluted wastewater
(Mateo-Sagasta et al., 2015) (→ urbanization and changed
lifestyle, urban sprawl). With an annual population growth of
3.3%, Uganda is one of the fastest growing countries in Africa,
and worldwide (United Nations, 2018). In 2017, 85% of the

Figure 7-4 Cause-and-effect analysis for the Rural Exodus Syndrome
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41.45 million people living in Uganda did so in the countryside
(Destatis, 2018). In rural areas, on average, three quarters of
household income comes from agriculture (Kasirye, 2013).
To escape from poverty is one of the main motivation for rural
exodus in Uganda, as the income conditions in the urban
centers are better, as shown in Figure 7-5.
Small farmers dominate the agricultural sector, over 90%
of the products are grown on farms with less than two
hectares (Government of the Republic of Uganda, Ministry
of Agriculture, Animal Industry and Fisheries, 2009). Small
farmers often lack knowledge about sustainable and
profitable methods of cultivating and livestock farming as
well as the marketing of products (→ insufficient technical
knowledge and equipment). Micro-credit to start small
businesses is hardly accessible to the rural population (Seibel
& Almeyda, 2002; Mpuga, 2004; The World Bank, Financial and
Private Sector Development, Africa Region, 2009).
The soil is degraded and the effects of climate change are
noticeable, so that the young population migrates (→ land
degradation). About 20% of the population lives below
the poverty line (The World Bank Group, 2016).
3.1.2.2. Is there a success story?
Throughout Africa, eco-villages projects have been created
where people gather to change their social and environmental
situation. Whether they create jobs and training opportunities
for women and young people on their own initiative;
whether they organize tree planting, a well or toilet
constructions in slums and villages, or care for street children;
whether they defend nature on the edge of national parks:
they create alternatives to escape from the big city, but
also from poverty in their villages. A number of eco-villages
projects were founded also in Uganda, with one example
given in Figure 7-6.

Figure 7-5 Rural and urban poverty headcount trends, national and regional, 1992-1993 to 2009-2010, in % (Mukwaya et al., 2012)

Through the improvement of farming methods and more
versatile products, through higher yields, through sustainable
agriculture and the approaches to establish a joint market
for selling artisanal products, many families or young people
have been able to resist the trend to move to urban centers
(Dorosh & Thurlow, 2012). Through this approach, water and
land resources are being preserved, additional income for
the local inhabitants is generated as well as a perspective
for the long term. The Kibale Association for Rural and
Environmental Development (KAFRED) outlined how tourism
has changed the Bigodi community (Bigodi Tourism, 2017):
• e mployment of 17 teachers, 8 guides, 3 cooks, 4 security
guards and 3 cleaners, teachers and guides receive training

and capacity building.
• p
 rices in Bigodi are 30% higher in Bigodi than in neighboring
villages that have no tourist trade.
• the number of permanent houses has increased from 2 in
1992 to 7 in 1995, being more than 30 nowadays.
• about 95% of wetlands visitors are foreigners, creating other
business opportunities such as hotels and lodges run by
local people and which employ local staff.

Furthermore, KAFRED funded a community project for water
security. Community water kiosks have been set up to serve
at least 300 people, leading to a reduction of the water prices
from UGS 800 to UGS 200 per 20 L can. This success story
reflects the SDGs 1, 2, 3, 4, 6, 11, 13, and 15.

Figure 7-6 Impression of the Uganda eco-village in the Bigodi Wetlands Sanctuary in the Kibale region, established in 1992, providing nature
and cultural village walks
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3.1.3. Katanga Syndrome
The Katanga-Syndrome refers to Environmental degradation
through the depletion of non-renewable resources.
The above- and belowground mining of non-regenerative
resources damages the environment partly irreversibly by
toxicity or morphological and energetic consequences.
The symptoms included are the loss of biodiversity, local air
pollution, freshwater shortage, runoff, pollution of rivers,
destruction of river beds, soil degradation, contamination,
and environmental damage. The results of the Ishikawa
Diagram are shown in Figure 7-7.
3.1.3.1. Case Study: Lusatian Mining District in Germany
Even though the Katanga-Syndrome is named after a mining
region in Congo, the case study refers to a mining region
in Eastern Germany, the lignite mining area in Lusatia, an
area bordering Poland. Prior to the industrialization in the
region, lignite from numerous small artisanal mines was
extracted and used as domestic fuel or agricultural fertilizer.
In 1998, approx. 80,000 ha of arable and forested land were
affected by mining activities in the Lusatian area (Hüttl, 1998;
Krümmelbein et al., 2012).
In Lusatia, brown coal was found in the area of Lauchhammer
in 1789 and a first lignite mine was cut there in 1815 (Heitmann
et al., 2010). The fuel demand of the cloth and glassworks
factories in the 1860s was the trigger for the establishment of
several mining operations in Upper Lusatia.
Since the end of the 1850s lignite was blackened and
briquetted. After 1870 in the Lusatian district, the lignite
mining took structure determining dimensions, through
two processing plants, which processed coal of seventeen
mines and in 1989 promoted about 1/6 of the lignite world
production (Heitmann et al., 2010). By this, once the largest
brown coal refining company in the world, the number of

Figure 7-7 Cause-and-effect analysis for the Katanga syndrome
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inhabitants in the formerly small town Hoyerswerda increased
within three decades from less than 10,000 to finally over
70,000 people. One of the most fundamental consequences
of lignite mining was the relocation of the affected people
associated with the depletion of mining sites (→ insufficient
management). A total of 136 Lusatian towns have partially
or completely disappeared; >25,000 people lost their homes
(source: Museum Archive of missing places, Forst, Lower
Lusatia; Heitmann et al., 2010).
Connected to the lignite mining activities come huge
environmental impacts caused by the mass movement
and the dewatering of the mining area (Krümmelbein et al.,
2012). Groundwater was pumped through well galleries to
lower the groundwater level for several kilometers around
the mines (→ insufficient management). Land subsidence
due to groundwater extraction caused stability problems to
buildings (→ land degradation and deforestation). Air pollution
due to dust and sulphide dioxide was immense (→ emissions
to water, soil and air; qualitative freshwater scarcity).
The number of children suffering from bronchitis in the mining
area increased from 228 (1974) to 342 (1989, annual average)
(Heitmann et al., 2010). Figure 7-8 provides an impression of
the former lignite mining area in the Lusitia region in 1980.
The mass transfer of billions of tons of soil led to the
devastation of nature and a disturbed water balance.
Weathering and oxidation of geogenic sulphide minerals
in the coal layer take place when they are exposed to air
during excavation (Krümmelbein et al., 2012) (→ handling
mining substances). This process causes acid mine drainage
(AMD), that is the release of acidity, iron and sulphate, an
impact that continues even after the closure of the lignite
mine (→ insufficient equipment). AMD of lignite mining sites
often contains high concentrations of iron and heavy metals
(Vanberk & Wisotzky, 1995).

Figure 7-8 Former lignite mining area in the Lusitia region in 1980 (Source Welt Journal)

3.1.3.2. Is there a success story?
Lusatia (former) lignite mining became a success story after
the year 2000, particularly in terms of water. The Lusatian
Lakeland is becoming an artificial lake district in Lusatia
(Richter, 2008; Diesing & Weiß, 2009). Due to the flooding of the
abandoned lignite mines of the Lusatian lignite mining area,
Europe's largest artificial water landscape and Germany's
fourth largest lake district is to be created by 2025. The new
lake district, the so called Lusatian Lakeland, is largely made
up of former open cast lignite mines, which are flooded.
Some of the emerging lakes have already reached their final
water level, others will be completely flooded in a few years.
The total extent of Europe's future largest artificial lake
district is about 80km from west to east, and from north to
south (depending on the demarcation) between 32 and 40km
(Richter, 2008; Diesing & Weiß, 2009). Figure 7-9 provides

an impression of the Lusatian Lakeland and the connecting
navigable channels. The Lusatian Lakeland has a special
significance for the tourist development of Lower Lusatia with
approx. 7,000 ha of water (Richter, 2008; Diesing & Weiß, 2009).
The plan is to make the lake landscape a nationally important
water landscape with an attractive character, representing
a modern example of Green and Blue Infrastructure.
Extensive investment in infrastructure is needed for this
purpose: making bathing beaches, marinas, bases for water
skiing, jet skiing, camping, gastronomy, etc. The individual
lakes have been connected with channels to allow faster
flooding. The connecting channels are navigable for use in
water sports and water tourism (Richter, 2008; Diesing & Weiß,
2009), creating completely new job opportunities for a region
which suffered decades from environmental damage.
The Lusatian Lakeland represents a success story with
reference to the SDGs 3, 6, 9, 11, 13, 14, and 15.

Figure 7-9 Impression of the Lusatian Lakeland and the connecting channels
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3.2. Development Syndromes

3.2.1. Aral Sea syndrome

The Development syndromes refer to human-environment
problems resulting from non-sustainable developmental
processes that lead to degradation processes which interact
with socio-economic developments. In terms of water
resources, this concerns phenomena like water resources
consumption (particularly of fossil water resources), pollution
and overexploitation leading to water scarcity and water
stress (See Table 7-5). Also, the global water grabbing problem
(in conjunction with land grabbing) is a symptom which
reflects the global problems in terms of water and food
security.

The Aral Sea syndrome refers to Environmental damage
through targeted natural space design in the framework
of major projects. This is a failed large-scale and planned
transformation of natural areas with high capital investment,
where the effects of a lack of understanding of the system are
ignored. Examples are dams or irrigation projects. The cluster
of symptoms consists of a loss of biodiversity, local to global
climate change, lack of freshwater supply, soil degradation,
forced displacement of local populations, and the threat of
inter-state conflict (e.g. water). The results of the Ishikawa
Diagram are shown in Figure 7-10.

Syndrome

Explanation

Relation to water stress

Aral Sea-Syndrome

environmental damage due to
intentional nature-design for large
projects

local to global climate change, drought, lack of freshwater
supply, qualitative and quantitative freshwater scarcity,
driver of climate change

environmental degradation through
unregulated urbanisation

due to informal settling, there is no waste water network,
no waste water collection, which results in the pollution
of rivers and ground water resources, causing qualitative
freshwater scarcity, higher risk of flooding due to
deforestation and river embankment destabilisation

Favela-Syndrome

Table 7-5 Selected Development syndromes and their relation to water stress

Figure 7-10 Cause-and-effect analysis for the Aral Sea Syndrome
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et al., 1998). Nowadays, more than 8 Mio ha
3.2.1.1. Case Study: The Aral Sea
land are irrigated (Unger-Shayesteh et al.,
The decline of the water levels of the Aral Sea is
The Development of
2013), and around 22 Mio people depend
recognized as one of the biggest catastrophes
on irrigated agriculture (→ water resources
which happened to the water resources in the
syndromes refer to
overexploitation). From the 1960s to 1997,
past century, and it is still ongoing.
human-environment the water level dropped 18 meters from 53m
The Aral Sea was a large salt lake in Central
to 35m, and the lake's area dropped 44.3% to
Asia, within the following countries:
problems
29,630km² (Giese et al., 1998).
Kazakhstan, Uzbekistan, Tajikistan,
The volume of water was reduced by 90% and
Kyrgyzstan, and Turkmenistan, all being
resulting from
at the same time the salinity quadrupled
parts of the former Soviet Union. The main
non-sustainable
(→ loss of water resources, qualitative
tributaries are the rivers Amu Darya (coming
freshwater scarcity). The crisis of the Aral Sea
from the south) and Syr Darya (from the east).
developmental
continues and the trend has not receded or
With its original size of around 68,000km²,
the Aral Sea used to be the fourth largest
processes that lead reversed, even though there are discussions
about several solutions on restoration of
inland lake in the world. In the early 1960s,
to degradation
the lake and reducing the water losses in
the Soviet government decided the two rivers
the catchment. The fundamental approach
would be diverted to irrigate the desert,
processes which
to a rehabilitation of at least part of the
in an attempt to grow rice, melons, cereals,
water resources would be the establishment
and cotton (Gaybullaev et al., 2013) (→ water
interact with
of a transboundary water management
resources overexploitation). Subsequently,
socio-economic
system, which is respecting the catchment’s
at the turn of the 20th to
hydrological limits. This would also mean
the 21st century the Aral Sea the Aral sea dried
developments.
for all pivotal states to reduce their water
up and only a few small bodies of water remain
consumption.
due desertification/desiccation (Luxner &
Drake, 2015) (→ drought). Since then,
3.2.1.2. Is there a success story?
the remains have formed the Northern Aral Sea, the Western
Even though the chance to restore the Western Aral Sea is
Aral Sea, the Barsakelmes Lake between them and
very low, there is hope for the Small Aral Sea. To save at least
the Aralkum desert. Figure 7-11 provides information about
the smaller (northern) part of the Aral Sea, Kazakhstan built
the desiccation of the Aral Sea (Luxner & Drake, 2015).
the Kokaral Dam in 2003-2005 to hold back the water.
In addition to this dam construction, measures were also
While the cotton crop fields in Kazakhstan and Uzbekistan
taken to improve the irrigation systems along the Syr Darya,
covered 50,000 ha in 1884, the production increased to 2.9
which flows into the northern part of the lake (Bekchanov
Mio ha in the 1950s, and further to 7.2 Mio ha in 1989 (Giese

Figure 7-11 Desiccation of the Aral Sea (Luxner & Drake, 2015)

7 Dimensions of Water Security in the Global Context of Sustainable Development

131

et al., 2015). In the process, canals were repaired and partly
the embankments were reinforced with concrete. This should
provide additional water to be directed into the lake.
As a result, by 2006, the lake level increased by 3 meters
(Micklin, 2007), the area increased by 900km² and the volume
by 11km³, the salinity dropped significantly. Since the Northern
Aral Sea has an outflow, the concentration of toxins also
dropped: they were flushed into the Western Aral Sea. In some
places, the coastline has shifted more than 75km. The Kazakh
government hopes that the Aral Sea will largely recover through
further improvements in irrigation systems (Micklin, 2007;
Micklin et al., 2014; Xu, 2017). The waterline in the Northern Aral
Sea has stabilized again in 2009 at a height of 43m. The water
surface of the northern part has grown by more than 30%, to
now about 3,300km², the volume is 27km³. The salinity there is
again below 1.5%, compared to 4% at the end of the 1990s;
the fish stocks have recovered (Micklin et al., 2014).
The disadvantage of the project is that the dehydration of
the southern part is accelerated: the water that replenishes
the northern part of the lake is missing in the south.
The dam project reduced the total water intake in the
southern half by about one third. This can only be regulated
by transboundary cooperation and respective agreements.
The Aral Sea syndrome is a common example for the need
of the implementation of the SDGs, particularly to create
sustainable development in line with SDGs 1, 2, 3, 6, 11, 13, 14,
15, and 16.

3.2.2. Favela Syndrome
Favela Syndrome refers to Environmental degradation
through uncontrolled (informal) urbanization. High

Figure 7-12 Cause-and-effect analysis for the Favela Syndrome
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population growth and development problems in rural areas
are driving a process of unplanned, informal urbanization,
especially in the form of slums. The results of the Ishikawa
Diagram are shown in Figure 7-12.
It is followed by congestion, infrastructure and environmental
problems as well as segregation phenomena. A planning of
the settlement processes is no longer sustainable. Symptoms
include air pollution, soil erosion, water pollution, waste
accumulation, noise, population growth, rural exodus,
acute health hazards, marginalization, administrative
failures, lack of basic infrastructure and congested transport
infrastructure.
3.2.2.1. Case Study: Greater Jakarta (Jabodetabek),
Indonesia
With more than 13 Mio inhabitants, Jakarta is by far
the most populated city in Indonesia. Jakarta is the capital
and thus the political center of the country (→ urban sprawl
and land consumption). More than 30 cities in Indonesia
have a population of more than 1 Mio. Greater Jakarta
(Jabodetabek) has a population of 28 million (→ urbanization
and changed lifestyle, deforestation, sealing of land).
Nearly 20% of the GDP is generated in the metropolis.
At eight meters above sea level Jakarta has always been
vulnerable to flooding. For instance, in February 2007,
almost 70% of the urban area was temporarily under water
(→ sealed retention spaces, increase of flood risk). The violent
monsoons made over 300,000 people homeless. Rapid
urbanization and population growth is the main reason for
the emergence of informal settlements in Jakarta (Alzamil,
2017). First and foremost, the floods hit the poor who build
their huts on the fallow land along the rivers and canals.

There is a shortage of space in Jakarta (→ urbanization and
occupation of landscape, flood risk due to river embankment
destabilization and sealing). Figure 7-13 shows the stages of
urban development in Jakarta (Baker, 2012).

pollution). Only 16% of wastewater was disposed of safely in
2002 (United Nations Department of Economics and Social
Affairs/Population Division, 2006; United Nations Human
Settlements Programme, 2003, 2005).

In 2002, just 92% of households in Jakarta had access to water
within a maximum of 200m. Around 50% of households had
drinking water within the building (→ urbanization). About 8%
were dependent on private water vendors and usually had
to pay a multiple of the city water price. Almost 60% of the
houses and other housing units were connected to the sewage
system, almost 100% to the power supply. The average
private water consumption rate for Jakarata was 161L/cap*d
in 2002. In informal settlements and slums this consumption
is much lower and there is a lack of sanitary systems (→ water

3.2.2.2. Is there a success story?
The Indonesian government has made attempts to mitigate
the greatest challenge of this urban transformation for
affordable adequate housing, self-help houses, and the 1
Million Houses Program (Friedrich Ebert Stiftung, 2017). In
2014, the government set the target of “100 – 0 – 100”. This
means 100% access to sanitation, zero slums and 100%
potable water networks by 2019. The city designed a Smart
City urban development concept, which implies the use of
network connectivity for e-governance, communication,

Figure 7-13 The stages of urban development in Jakarta (Baker, 2012)
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collaboration, urban planning and other activities,
The Jakarta provincial government opened a Smart City unit
in 2014 that focuses on collecting big data and analysing it
to drive the city’s decision-making (Friedrich Ebert Stiftung,
2017). The basic characteristics of the integrated urban
development concept is a holistic strategy and
the involvement of all administrative departments, as well as
the external actors as businesses, culture, and local citizens
(Friedrich Ebert Stiftung, 2017). Jakarta might not be a success
story yet, but respective plans have been made to become
one in the future as it acts in line with the SDGs 1, 2, 3, 6, 9, 11,
13, 14, and 15.

3.3. Sink Syndromes
The sink syndrome addresses environmental
degradation through unadjusted civilization
disposal causing environmental pollution
and qualitative water shortage. Particularly
during industrialization, pollutants are wide
spread and might migrate long distances via
the air and water path. The sink syndromes
refer to the ‘pollutant source – migration path
– receptor / sink’ model and concerns metals
and industrial pollutants.

3.3.1. Smokestack syndrome
The smokestack syndrome refers to
Environmental degradation through
widespread diffuse distribution of mostly
long-lived active substances. Substance

The sink
syndrome
addresses
environmental
degradation
through unadjusted
civilization
disposal causing
environmental
pollution and
qualitative water
shortage.

Figure 7-14 Cause-and-effect analysis for the Smokestack syndrome
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emissions after disposal into the water and into the air cause
environmentally harmful long-term effects. The symptoms
are extensive and include biodiversity loss, eutrophication
of ecosystems, thinning of the stratospheric ozone layer,
increased irradiation of UVB on the ground, enhancement of
the greenhouse effect, regional and global climate change,
sea level rise, acid rain and contamination of soils and
groundwater with consequences for drinking water resources
as emissions are widely distributed. They can then descend
over more than 1,000km from the emission site as acid rain.
The results of the Ishikawa Diagram are shown in Figure 7-14.
3.3.1.1. Case Study: China
The growing air pollution caused by
the rapid economic growth is causing
increasing acid rain in China polluting also
surface and groundwater (→ qualitative
freshwater scarcity). Despite all efforts,
the situation is “out of control” as pointed out
by Wang Jian from the State Environmental
Agency after completing a five-year study
(China Daily). More than 265 cities in China are
affected by acid rain. The economic damage
was estimated at 110 bn yuan (10 bn euros)
annually, or 2 to 3% of the GDP. The increasing
number of cars, growing consumption of
coal and excessive fertilizer use play a strong
role in polluting the country, among them
also acid rain (→ landscape deterioration,
deforestation). Growing demand for coal,
which is the main energy source in China,
and the large number of small power plants,
are the main reasons for the rapid increase
in SO 2 emissions. The highest volume of

Syndrome

Smokestack-Syndrome

Explanation

Relation to water stress

environmental degradation through long
range diffuse distribution of durable agents

the diffuse pollution causes acid rain,
resulting in pollution of fresh and
groundwater resources, acidification of soils
and depletion of biodiversity, higher risk of
flooding due to deforestation, qualitative
freshwater scarcity

Table 7-6 Sink syndromes and their water stress impacts

coal in the world is mined and consumed in China, whose
coal is particularly sulphurous. According to Larsson et al.
(2006), China’s economic growth resulted in increasing sulfur
dioxide (SO 2) levels and acid rain particularly in the southern
provinces (Figure 7-15). Spatial and temporal distribution
maps of average annual precipitation pH in China (Lei et al.,
2016) .

Environmental impacts of acid rain were documented in the
publication of Bhargava and Bhargava, (2013), and it can be
summarized that acid rain affects every part of an ecosystem,
particularly vulnerable to acid rain are aquatic ecosystems
(→ qualitative freshwater scarcity). Leaching soils with acid
rain resolves metals and generates polluted water, which in
turn negatively impacts aquatic flora and fauna in lakes and
rivers (→ loss of biodiversity, deforestation). Biomagnification
can occur; in which acidic chemicals are passed from
organism to organism (Bhargava & Bhargava, 2013).
Larssen et al. (2006) highlighted the effects around Chongqing
caused by extreme SO2 concentrations in rain and mist (Bian
& Yu, 1992).
3.3.1.2. Is there a success story?
In Europe, air pollution from sulfur dioxide has fallen by
three quarters since 1980, to the largest extent in Germany.
In the 1970s, air pollution had reached its peak in Europe.
Acid rain led to the degradation of forests. Smog also made
people sick, and life expectancy declined. In particular,
the requirement that coal-fired power plants must install
desulphurisation plants has lowered SO 2 emissions.

Figure 7-15 Graph showing the historical evolution of SO2 emissions (Larssen et al., 2006), and Spatial and temporal distribution maps of average
annual precipitation pH in China (Lei et al., 2016)
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The decline of the Eastern European industry following
the fall of the Berlin Wall also contributed significantly to
the decline in the harmful gas. Even after a good three
decades, there are streams and rivers in Germany that
are still slowly recovering from the effects of acid rain
(Bayerisches Landesamt für Umwelt, 2015). Their pH levels
are still very low and the levels of leached aluminum are
so high that they harm aquatic organisms. In 1991, 25% of
all trees had significant damage, compared to 20% in 1996
(Bundesrat, 1996; Federal Ministry of Food, Agriculture and
Consumer Protection of Germany, 2011). The experience from
Germany, particularly the Harz and Ore Mountains show, that
a recovery of nature after elimination of the emission sources
is feasible, even it will take decades (Bittersohl et al., 2014).
Globally speaking,
the smokestack syndrome will remain a challenging
topic within the next decades as it is strongly related to
industrialization. The scope and challenge is to drive
the industrialization in line with SDGs 2, 3, 6, 13, 14,
and 15.

If the 17 goals
are to be achieved
this, together
with the impact of
global trends such
as climate change,
will increase
competition for the
use of water, energy
and land resources.
Nexus thinking
can help assess
interlinkages and
derive adequate,
networked problem
resolution through
coordinated
governance and
governance.
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04

Conclusion

Water is essential for the lives of humans, animals and plants
as well as for all types of social and economic development.
Already today, about four billion people suffer from water
shortages for at least one month each year. By 2030,
the demand for water could increase by 40%, adding to
the pressure on the resource.
With the 2030 Agenda for Sustainable Development,
the United Nations has formulated an ambitious program.
If the 17 goals - and in particular the objectives of food
security (SDG 2), water security (SDG 6), energy security (SDG
7), combating climate change (SDG 13) and protection of land
ecosystems (SDG 15) - are to be achieved this, together with
the impact of global trends such as climate change,
will increase competition for the use of water, energy and land
resources.
To tackle these networked supply risks, isolated sectoral
policies competing for the same natural resources are not
the solution but often the problem. Nexus thinking can help
assess interlinkages and derive adequate, networked problem
resolution through coordinated governance and governance.
The syndrome approach forces systems thinking to analyze
the interlinkages between sectors and approaches, and
as such is a feasible teaching tool for the assessment and
implementation of a Nexus approach, supporting strongly
SDG17 – partnership for the goals.
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Abstract
Microscopic impurities such as bacteria or microplastics have been a major threat for our society, causing numerous outbreaks
and following economic loss. Current methods such as particle counter or agar culturing are used, but these methods have their
own shortcomings and cannot perfectly detect drinking water contamination. Most of all, all the methods used require sampling
of drinking water, which makes it hard to cope with the disaster. We propose our new solution, consisting of laser and our newly
developed optic sensor, or so-called TWT sensor. This solution uses time-reversal mirror effect and light scattering to detect
microscopic debris floating around the water.
In this paper, we will briefly introduce how microscopic impurities can be serious issue in water safety and what solutions are out
there in the market. We will introduce features of each solutions and difficulties using each method. Then we introduce our
new solution and its principle, and the significance it could have compared to conventional methods. We close this paper with
the application of the sensor, showing its impact to water security.

Keywords
Microscopic impurities, water safety, laser sensor, drinking water
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Introduction
1.1. Problems Caused by Microscopic Impurities
On March 1993, Milwaukee experienced the largest
documented water outbreak in US history. Caused by
Cryptosporidium parvum, the chlorine-resistant parasite,
the outbreak affected over 400,000 people, which was
25 percent of Milwaukee’s population back then. according to
a study by the US Centers for Disease Control and Prevention,
the outbreak resulted in over $96 million in economic losses
including healthcare costs and productivity losses, with
mortality of 69 deaths (Corso et al., 2003). Although the
turbidity levels of treated water in the Howard Avenue Water
Purification Plant, one of two water treatment plants in
Milwaukee, showed well above normal, it couldn’t detect
the contamination made by Cryptosporidium protozoans
(Mac Kenzie et al., 1994).
The tragedy of Milwaukee, 1993 gives us two major
implications. First, preexisting technologies has limitations
for detecting microscopic impurities such as bacteria,
microplastics, fungi, etc. Current impurity detecting
technologies include flow cytometry, particle counting, agar
culturing, and real-time PCR. However, limitations exist in
those technologies in detectable particle size, number of
particles, and time required for inspection. Milwaukee’s
outbreak exemplifies this blind spot of current inspection
technology, as the turbidity level failed to predict
the existence of the parasite.
What’s even more is that small microscopic impurity,
the size of impurity being several micrometers, can cause
considerable damages to both economy and lives.
From 1971 to 2006, total 833 waterborne disease outbreaks
(WBDO) were reported, with 577,991 cases of illness, and
106 deaths. 36.6% of total 833 outbreaks were reported
to be caused by bacteria and parasites, both being
microbiome impurities with the size of several micrometers
(Craun et al., 2010). The economic loss caused by WBDOs
are costly in both morbidity and mortality as well as
causing financial loss (Harrington et al., 1989).
In this paper we propose new possible solution for
detecting microscopic impurities. We first discuss what
limitations do current technologies have in terms of cost,
inspection time, detectable particle size and number of
particles. Then we suggest new solution for inspecting
drinking waters, which utilizes laser technology.
Details of technology will not be discussed due to
confidentiality issues. The paper closes with applications
of this novel technology and expected effects on water
safety issues.
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02

Preexisting Solutions
Current solutions for detecting microscopic impurities include
flow cytometry, particle counter, agar culturing, and real-time
PCR. Flow cytometry is a laser based biophysical technology
used for cell counting by suspending cells in a stream of fluid
and passing them through an electronic detection apparatus.
Particle counter is an instrument that detects and counts
physical particles based on light scattering or direct imaging.
Agar culturing is a method used to detect microbiomes by
letting them reproduce in predetermined culture medium and
counting colonies formed. Finally, real-time PCR (polymerase
chain reaction) is a laboratory technique of molecular biology
monitoring the amplification of a targeted DNA molecule
during the inspection. These four means are major methods
used in drinking water and beverage industries. In this
section, we provide brief introduction on each technique and
discuss about their limitations.

2.1. Flow Cytometry
Flow cytometry is a technique based on laser or impedance,
mostly employed in cell counting or cell sorting. Flow cytometry
analyzes the expression of cell surface and molecules inside
the cell and distinguishes different cell types in a heterogeneous
cell population, thus analyzing cell size and volume, as well as
assessing the purity of isolated subpopulation.
Flow cytometry is predominantly used to measure
fluorescence intensity produced by molecules that bind to
cells or specific cell-associated molecules such as propidium
iodide binding to DNA or fluorescence-labeled antibodies.

Figure 8-1 Diagram of Flow Cytometry

from water and then coming back to the lab. In addition, flow
cytometry requires pre-processing of cell suspending and
staining to make specimens detectable. Also, the detection
of impurity is limited to micro-organisms and cannot
detect non-organisms such as microplastics or glass. These
shortcomings make it vulnerable to water pollutions and
makes such technique inadequate for inspection of drinking
water inspection.

2.2. Particle Counter

Figure 8-2 BD FACSCalibur™, an Example of Flow Cytometer

Therefore, prior to the analysis, flow cytometry involves
single-cell suspension from cell culture or tissue samples.
After the suspension, the cells are then incubated in tubes
or microtiter plates with unlabeled or fluorochrome-labeled
antibodies and analyzed on the flow cytometer.
When prepared samples are run through the cytometer,
sheath fluid is run to hydrodynamically focus them through
a small nozzle, taking the cells past the laser light one at
a time (Figure 8-1). Light scattered from the cells or particles
is detected as they go through the laser beam. Fluorescence
detectors measure the fluorescence emitted from positively
stained cells or particles.
Flow cytometry allows simultaneous multiparametric analysis
of cells up to thousands of particles per second. It is routinely
used in the clinical diagnosis or other applications in basic
research. Despite its capacity of analyzing thousands of
particles, however, flow cytometry has its weakness that it
requires sampling. This makes this technique time-consuming
for analyzing drinking waters as it involves taking sample

Figure 8-3 Diagram of Particle Counter

Particle counter, or particle counting is a method that detects
and counts physical particles. The method is based upon
optical technology. A high intensity light source, typically
a halogen light or laser, is used to illuminate the particle as it
passes through the detection chamber. Three different optical
principles are used for particle counting: light scattering,
direct imaging, or light obscuration.
The particle counter utilizes either of these three principles,
but as light obscuration method is mostly used for inspecting
fluids in hydraulic systems, usually light scattering or direct
imaging is used for health-related concerns.
Light scattering method is based upon the amount of light
that is deflected (i.e. light scattering) by a particle passing
through the detection area of the particle counter.
The redirected light from scattering is detected by a photo
detector. This method is capable of detecting smaller-sized
particles. Typical detection sensitivity of the light scattering
method is 0.05 micrometer or larger.
Direct imaging is a technique that uses the light, either
a halogen or laser, to illuminate a cell where particles are
passing through, while a high definition, high magnification
camera records passing particles. Recorded video is then
analyzed by computer software to measure particle attributes.

Figure 8-4 An Illustration of Direct Imaging
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The particle counter can count 100,000 particles per 1mL of
liquid, and both organic and inorganic particles as small as
0.1 to 10 micrometers. The particle counting method,
however, also needs sampling process, as particle counter
available in market is intended for laboratory use.
This also makes it vulnerable to cope with water
contamination, as the need for sampling means more time
consumed. Also, although the number of particles countable
with the apparatus meets up the “golden standard” for
hygiene issues in drinking water, the capability whether it can
assess drinkability is questionable, as even a little amount
of bacteria or other impurities can cause serious health
problems.

2.3. Agar Culturing and Real-time PCR
For detecting micro-organisms in particular liquid, a sample
is spread on agar plate, a Petri dish containing solid growth
medium, and cultivated enough to be seen with bare eye. This
method is called agar culturing.

03

Seeking New Solutions
Utilizing laser scattering, we sought for new solution that can
address both accuracy and cost issues.
The sensor, or TWT sensor, as we named it, can detect the
presence as well as the mass (per ml) of bacteria by analyzing
the reflected or transmitted light. Bacteria are continuously
monitored and detected instantly through mobile phone for
single users at home. For food production industries,
the sensor can be installed within the production lines at
the view point (for visual inspection). Unlike conventional
inspection methods that require sampling, it is a fully
automatic method that does not require human operation
after installation.

Several methods are available for plating out cells.
One technique is streaking, which is a method that a drop of
the culture on the end of a thin, sterile loop of wire is streaked
across the surface of the agar plate, leaving organisms behind.
Individual colonies will grow on the streaked area, the number
being the same as the number deposited. Another way is
the spot analysis. This is often used to check the viability of
cells and performed with pinners. Third technique is using
sterile glass beads for plating out cells. In this technique
cells are grown in a liquid culture of which a small volume is
pipetted on the agar plate and then spread out using
the beads. The last is replicate plating.
Once plated, individual micro-organisms placed will grow into
individual colonies, each a clone genetically identical to their
own ancestor organisms. Therefore, the plate can be used to
estimate the concentration of organisms in a liquid culture
using a colony counter.
Another microbiological method is real-time PCR. PCR, or
polymerase chain reaction, is a molecular biology technique
to amplify a few copies of a segment of DNA into thousands to
millions of copies. Real-time PCR monitors the amplification
of targeted DNA molecules during the PCR process. Detection
of micro-organisms is enabled by the inclusion of fluorescent
dyes in reaction, so that particular organism can be
distinguished and identified.
Like particle counter, both of these techniques can only detect
organic, which leaves out inorganic debris floating around
the water. Also, agar culturing costs 48 hours to cultivate
organisms into visible colonies. Therefore, even though
agar culturing can provide highly precise results it makes
vulnerable for coping with the contamination, or even more
vulnerable than other methods mentioned. Furthermore,
the cost for both methods are high, both the cost for
apparatus and experts needed for the technique.
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Figure 8-5 An Explanation of Time-Reversal Mirror Effect

3.1. Principle & How system works
Our technology is inspired from Time-Reversal
Mirror effect, which is an effect that the phase
of light scattered by certain media is reversed
into the phase before scattering, when a light
is reflected by the Time-Reversal Mirror. The
phase, or waveform, of light changes whenever
it’s either reflected by mirror or scattered by
certain object. However, when light is reflected
by Time-Reversal Mirror the properties of
reflected light is identical to the light prior to
scattering or reflection. Utilizing this principle,
our sensor detects impurities in fluids (e.g. gas,
liquid) by penetrating laser through the fluid
and analyzing the reflected light.
Laser speckle imaging has been introduced
to monitor moving particles in optically

Unlike
conventional
inspection methods
that require
sampling,
it is a fully
automatic method
that does not
require human
operation after
installation.

inhomogeneous media by analyzing timevarying laser speckle patterns. Light impinging
on turbid media such as biological tissues
experiences multiple light scattering, and
scattered light produces laser speckle
patterns by light interference. Because of
the deterministic nature of multiple light
scattering, scattered light from a static
turbid medium generates a constant laser
speckle pattern. However, if scatters are
spontaneously moving inside a turbid medium,
time-varying speckle patterns are produced,
from which information of the moving scatters
can be retrieved.
Our solution consists of a light source, mainly
laser, and TWT sensor. This system can be
installed in any facilities where water or other
homogeneous liquid is in. When a laser is lit

Figure 8-6 Principle of TWT Sensor
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inside the water, it encounters water molecules and is scattered
in a complicated pattern. Nevertheless, the speckle from
the scattered laser is identical to the laser prior to scattering.
However, if there are microscopic impurities in the water,
the laser speckle generated changes with time.
Through correlation analysis by TWT sensor, the system
analyzes the difference among the images taken with time
difference. The whole process takes less than one second and
is effective for detecting any form of debris bigger than 0.3
micrometers.

3.2. Benefits
As mentioned, current solution for microscopic
impurities, particle counter, flow cytometry,
agar culturing and real-time PCR, require
sampling and take relatively much time.
Especially, agar culturing, the most frequently
used method, requires two days including
bacteria culturing. This means if drinking
water is contaminated, the result can be
known after two days, which means two days
of unnecessary morbidity, mortality, and
financial loss. Our solution, being able to
detect impurity larger than 0.3 micrometer in
less than one second, can dramatically save
time. If the system is connected to the Internet,
the process can be automated, reducing
even more time. This can effectively prevent
possible outbreaks, or financial loss for water
providers.

Figure 8-7 An Ecology of TWT Sensor System
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The fact that our solution doesn’t require sampling also
enables total inspection for drinking water. Especially for
pipelines, it is important to identify which part of facility has
caused contamination. The sensor can be installed in each
different parts of facility, so that the whole water processing
facility can be monitored. This will enable rapid and precise
after treatment after the contamination.

Moreover, the cost for this solution is relatively low. PCR
and agar culturing require experts, and the need for experts
produces more cost. Particle counter and flow cytometry may
not need expert as the previous two methods, but the cost
for the apparatus is high, ranging from 10,000 to 20,000 USD.
Our system, however, has relatively low, as the system only
consists of light source and newly developed TWT sensor. The
simplicity of the system makes it affordable for
various applications, ranging from industrial
system to hand-held device.
This system,

utilizing TWT
sensor, has a lot of
3.3. Applications
potential for solving
This system, utilizing TWT sensor, has a lot of
state-of-the-art
potential for solving state-of-the-art water
security issues, especially when it comes to
water security
water hygiene. First, TWT sensor can be used
in water reservoirs to monitor possible water
issues, especially
contaminants. This can either be a water
when it comes to
pipeline providing drinking water or water tank
preserving water for various uses. Embedding
water hygiene.
TWT sensor in the infrastructure of the city
will greatly enhance water security, as TWT

sensor can detect microscopic impurity in less than one
second. Also, TWT sensor can be connected wirelessly, so
information on water hygiene can be instantly checked via
mobile applications.
Recently, we installed TWT sensor on Suji Purification Plant as
a part of K-Water Test Bed Operation Management Program.
We will be testing TWT sensor’s feasibility in actual water
plant for further implementation in smart cities. Although the
performance seems to be fair, further data collection will be
needed to perfectly realize the system. Nevertheless,
this installation will be the start of the enhancement of water
security in whole city and whole nation.
TWT sensor can also be applied to product inspection
in beverage production line. Given that even small
contamination of beverage can cause catastrophic impact,
whole inspection of beverages produced is crucial for
maintaining water security. Current inspection is done
by sampling method, a method which takes sample from
production line and sets it in an oven for 48 hours in order to
cultivate possible microorganisms inside and visualize it as
a colony. This makes the company vulnerable to cope with
possible outbreak as well as causing considerable economic
damage. TWT sensor, with its ability to rapidly check
the product and share the result ubiquitously, shortens
the inspection time to less than one second and enables
real-time whole inspection. Also, it can be installed in any
point of production line, so the company can track the cause
when the contamination happens. This system is currently
implemented in one of the Korea’s largest drinking water
company, and every bottled water are examined by TWT
sensor to safely deliver drinking water to people.

04

Conclusion

This paper has suggested our
new solution for microscopic
impurities in drinking water
and compared it with current
solutions. Microscopic
impurities such as bacteria or
microplastics in drinking water
can cause serious problems,
as we can see in the case of
Milwaukee, 1993. Current
solutions frequently used
are flow cytometry, particle
counter, agar culturing and
real-time PCR.

This solution
has benefits in not
only shortening
inspection time but
lowering cost while
providing precise
detecting method
at the same time.

However, each solution has its
shortcomings, especially
the fact all these methods require sampling flowing water.
Our solution, consisting of laser and our special sensor, makes
the inspection real time by directly installing the apparatus to
water pipeline and dramatically shortening inspection time.
This solution has benefits in not only shortening inspection
time but lowering cost while providing precise detecting
method at the same time. This solution can be applied to
various products and occasions, but further research and
development is needed to further diversify product lines.

Figure 8-8 Diagram of Whole Inspection System Using TWT Sensor
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The ‘Global Water Security Issues (GWSI) Case Studies’ is the publication of
the International Water Security and Sustainable Management (i-WSSM).
The GWSI Case Studies seeks to demonstrate that water has a central role
in all aspects of economic development and social welfare, and that
concerted action via a collective approach of the water-using sectors is
needed to ensure water’s many benefits are maximized and shared
equitably and that water-related development goals are achieved.
While this publication is factual, containing the most current information
available concerning the state of knowledge on water security in the
perspective of sustainable development and covering the most recent
developments that affect it, this publication also provides decision-makers with concrete examples of approaches and potential responses for
addressing water security-related challenges from the perspectives of
both the sustainable development goals (SDGs) and a broader political
and sectoral scope, which covers development, governance, environment, capacity-building, institutional reform and technology.
It is hoped that this publication will be a reference source on water
security as it covers diverse aspects of human development and the
cases and solutions introduce in the GWSI Case Studies can be invaluable for decision-makers, their advisors and anyone interested in – and
concerned about – water security, and that this case studies will reach
an ever-widening audience that includes actors outside the ‘water box’
who make or influence broad socio-economic policies that can affect
water security.
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