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Foreword

From the beginning of time, humanity has sought out sources of water to sustain
life, health and the ecosystems on which they depend. This is especially true today,
in this turning point year for the international community, as States shape a new
global sustainable development agenda.

Limiting the impacts of floods, landslides, and droughts, water security and
cooperation are basic requirements to improving lives and to empowering people
to overcome hunger and disease. The stakes are high. Peace and democracy thrive
when people and cultures cooperate for water. Literacy, gender equality, economic
development, respect for human rights, freedoms, and diversity — all of these
depend on water security.

As a basic element of life, our relationship with water is complex, entailing
material, and spiritual dimensions, and embodied in heritage that is both tangible
and intangible. This relationship has always been a source of inspiration and a
wellspring for innovation and creativity, leading us to think not only of the present,
but also the future and the security of future generations.

UNESCO is uniquely positioned to explore the relationship between water
and heritage. The Organisation helped to launch the theme of “Water and Cultural
Diversity’ at the 3" World Water Forum, drawing on longstanding work across the
natural, social, and human sciences, through the leadership of the International
Hydrological Programme and the World Heritage Centre.

Initiated by the International Council on Monuments and Sites (ICOMOY),
Water and Heritage, material, conceptual and spiritual connections is associated with
this collaboration. It tells the story of water heritage in all its diversity. It reveals
the technical ingenuity that water heritage has always inspired, and it presents the
challenges that this heritage faces, along with possible solutions. Reflecting the
depth of cooperation between UNESCO and ICOMOS, this book was launched
during the 7 World Water Forum, as a showcase of cooperation to increase dialogue
on water heritage.

In this spirit, I wish to thank the editors and authors for sharing their
commitment to highlighting the importance of humanity’s water heritage for
sustainable development and lasting peace. I am confident this book will help to
chart a new course for the benefit of all societies.

Irina Bokova (Director-General of UNESCO)
March 2015
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Figure 1. Pont des Arts, Paris, France (48°51" N, 2°21’ E). Inspired by the talk of Olivier Blond showing
the photographs of Yann Arthus Bertrand during the ICOMOS Netherlands-conference Protecting Deltas,
Heritage Helps!, Amsterdam, September 2013. Photograph by Yann Arthus Bertrand.




Preface

Protecting Deltas, Heritage Helps!

Last century the world has changed dramatically. Since the end of the Fifties, the
world population has more than doubled in size from 3 to 7 billion people, an
increase that covers more people than have ever lived before. The impact of this
population explosion is becoming increasingly evident: pollution is choking our
cities; food and water shortages are increasingly threatening humankind; and the
greenhouse effect is suffocating our planet. Rapid industrialization, technological
development and rising prosperity have resulted not only in population growth
but also in more short-term thinking and acting, especially among politicians.
Long-term solutions for the world’s sustainability challenges have become hard
to define. Heritage as a crucial long-term source of inspiration is less recognized.

Deltas are the most vulnerable places in the world. More than half of the world’s
population live in deltas. Fertile land, fishing activities and trade are traditionally
the most important reasons for the high density of human settlements in delta
areas. Due to the density of early civilizations in delta areas, these places have a
high density of cultural heritage sites that makes the relationship between water
and heritage clear for the world’s urbanizing deltas.

Saving the deltas of the world will be one of the most critical challenges for a
sustainable future of humankind. Exposure to water related hazards, especially due
to climate change resulting in higher frequency and intensity of disasters, together
with an increasing population density and richness in cultural and natural heritage
puts communities, particularly in world’s deltas, at high risk. Rapid urbanization
of delta areas without respecting the historic water structures accumulated over
the centuries make these areas, in which economic, social and cultural values are
concentrated, even more vulnerable.

Progression and development have caused the loss of cultural heritage. It is
now clear that in times of uncertainty and risk, we need heritage as an important
contributor to a sustainable future. A better understanding of place and historical
continuity is key. Knowledge of living with water and water structures - passed on
over generations — is of great importance for a sustainable environment. Ingenious
use and reuse of tangible and intangible heritage can offer solutions for the future.
Harmony between water and heritage management will not only improve spatial
quality but will ultimately contribute to the preservation of civilizations and the
wellbeing of humankind.

We believe that heritage can play a role in safeguarding people’s lives in the
world’s delta areas. As the world heritage advisory council for UNESCO, the
International Council on Monuments and Sites ICOMOS) can and must play a
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key role in promoting and supporting this important role of heritage in protection
in deltas. In 2013, we organized the conference Protecting Deltas, Heritage Helps!
from 23-28 September in Amsterdam, The Netherlands. The purpose of the
meeting was to build bridges between the water and the culture sectors in order to
protect world’s deltas. This resulted in the Statement of Amsterdam (Appendix 1)
as a basis for further action. Furthermore, the city of Amsterdam became the first
city in the world to be awarded with the first water and heritage monument shield.
Also a movie on water and heritage was produced, which can be found on you
tube. A final outcome of the conference is this impressive scientific publication.
During the finalization process of this publication, we were deeply shocked by
the death of our beloved and respected friend, colleague and editor of this book,
Prof. Dr. Willem J.H. Willems, board member of ICOMOS Netherlands, dean and
professor of Archaeological Heritage Management at Leiden University and co-
president of the ICOMOS International Committee on Archaeological Heritage
Management. Without his inspiration, generous support and dedication, this
publication would not have materialized. Together with Ir. Henk PJ. van Schaik,

Prof. dr. Willem Willems +.
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Programme Leader ICOMOS conference Protecting Delta’s, Heritage Helps,
member of the Technical Advisory Committee of the World Water Assessment
Programme of UNESCO, former Coordinator Cooperative Programme on Water
and Climate, and Lead Water of UPEACE, The Hague, he represented both heritage
and water professionals to create a well-balanced and profound publication on the
symbiotic relationship between water and heritage. We owe Willem Willems and
Henk PJ. van Schaik everlasting gratitude for all they have done to bring the
heritage and water worlds together. We would like to dedicate our final words to
Willem Willems by quoting Gustavo Araoz, President of ICOMOS worldwide,
who said in a moving reaction: “We are all deeply saddened by his parting, but in our
mourning, all (...) should rejoice in the legacy that he left us and thar will live on.”

Jhr. Ir. Diederik Six (president ICOMOS Netherlands) and

Drs. Erik Luijendijk (board member ICOMOS Netherlands)
Amsterdam, December 2014
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Culture is the fourth pillar of
sustainable development

Olivier Blond

Executive Editor of the GoodPlanet Foundation'

Suppose the three pillars of the official definition of sustainable development
-people, planet and profit- missed out on a fourth that would more firmly establish
the concept? More than 20 years after Gro Brundtland presented the sustainability
definition to the UN, we propose, along with others, culture to become the fourth
pillar.

In housing, the cultural dimension is very strong. With two contradictory
aspects: on the one hand an increasing standardization of building forms on the
planet. On the other hand, the rehabilitation of local expertise, which allowed
people for centuries to live in an appropriate and resilient manner. “/r is not to
Jolklore. But in view of sustainable development, ancestral skills have merit. Thus,
when earthquakes hit in China and Pakistan, traditional buildings withstood the
shocks while modern concrete buildings collapsed. We must therefore ensure that
large construction companies include this dimension, it can be done when there is a
demand for ir” explains Jean Musitelli, former Ambassador of France to UNESCO
and president of Diversum, the association that encourages consideration of the
cultural heritage in sustainable development policies.

At the 2002 Earth Summit in Johannesburg, the cultural dimension has been
recognized. Then, in 2010, the third World Congtress of United Cities and Local
Governments (UCLG) -including numerous cities like Paris, Mexico City, Sao
Paulo and Istanbul- national governments adopted a document entitled “Culture:
the Fourth Pillar of Sustainable Development”. The document states, inter alia,
that culture is necessary in all its diversity to meet the challenges humanity faces.
“This vision is based on the notion of cultural diversity brought by Unesco” said Jean
Musitelli.

1 The GoodPlanet is a public interest French NGO, based in Paris, chaired by French photographer
and movie director Yann Arthus-Bertrand. Its objectives are to raise public awareness of ecology
and to inspire a desire to take positive action. The GoodPlanet is optimistic and apolitical — It puts
human beings at the center of sustainable development. It proposes realistic solutions by means of
programmes aimed at everyone: citizens, local authorities and corporations. The foundation acts in
25 countries.
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Figure 2. View of Venice, Veneto, Italy (45°25" N, 12°45" E). Inspired by the talk of Olivier Blond showing
the photographs of Yann Arthus Bertrand during the ICOMOS Netherlands-conference Protecting Deltas,
Heritage Helps!, Amsterdam, September 2013. Photograph by Yann Arthus Bertrand.



The text mentions. “The world does not only face economic, social or
environmental challenges. Creativity, local knowledge, diversity and beauty are all
indispensable foundations for the dialogue for peace and progress. These values are,
in fact, intrinsically linked to notions of human development and freedom. Cultural
challenges of our world are too great ro justify that they should be given equal attention
to as the other three original dimensions of development (people, planet, profit). The
Jourth pillar creates solid bridges with the other three dimensions of development, and
complements each of them.

It is in this context that Diversum introduced in 2011 the purple economy.
The purple economy is based on the idea of a new alliance between culture and
economy. The idea is that iz refers to the roor causes of the economic downturn: the
depletion of the Western society production based model.” The misguided use of natural
resources, the world reconfiguration in the twenty-first century and other aspects
have not been sufficiently taken into account in conventional economical models.
Culture is a value-added growth factor, and therefore a source of employment, a
development that should be encouraged.

It is also a cultural responsibility: human activity produces positive or negative
externalities that impact on culture as they impact on environment. This aspect
was analysed on the environment, but much less on culture. And to continue
the parallel with another “green” concept, the ecological footprint (the impact on
ecosystems), we can imagine one day calculating a cultural footprint.

In short “We must get back to thinking!”

BLOND 17






Water and Heritage: conventions and
connections

Henk van Schaik®, Michael van der Valk® and Willem Willems

a H2Ovan Schaik, henk.vanschaik19447 @gmail.com

b CrossVision, info@crossvision.nl, www.hydrology.nl

Water is life. Man cannot survive for more than a few days without water. Water is
one of the four basic elements and heritage conveys the fundament of all civilisations
on earth. The existential importance of water is testament to humankind’s manifold
spiritual and material relations with water through time. Innumerable expressions
of this relationship are found in all cultures and all countries of our world. As both
natural heritage and cultural heritage are related to life, they are inherently linked
to water.

Spiritual water-related cultural heritage resources can be defined as expressions
of people’s thoughts, beliefs and religions that value the inextricable relationship
with water rather than humankind’s relation to their bodies and physical
surroundings, as individuals or communities.

Physical water-related cultural heritage resources are considered to be movable
or immovable objects, sites, structures, groups of structures, and natural features
and landscapes that have archacological, paleontological, historical, architectural,
religious, aesthetic, or other cultural significance. Physical cultural resources may
be located in urban or rural settings, above or below ground, or under water,
and their cultural interest may be at the local, national, regional or international
level. Over time the focus on the spiritual values of water has expanded to include
the physical aspects. Rationalisation and secularisation of water management and
water services has developed through objectivised scientific research to provide
credibility, investment planning based on capitalised costs and benefits, and the
legitimisation of decision processes by stakeholders.

Increased population density, in combination with water-related hazards,
enhances threats to the rich and diverse cultural and natural heritage all over
the world on the banks of rivers, in lowland deltas and in arid and mountainous
regions. Climate change is expected to intensify flood and drought patterns,
to affect groundwater and sea levels, to increase pollution and lead to a higher
frequency and intensity of disasters. The potential impact of sea-level rise on
cultural heritage is of great concern, and communities are faced with challenges
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to adapt methodologies for the future protection of water-related heritage. It is
therefore timely to enrich our understanding about the vital importance of water-
related heritage for the diversity of our cultures, the preservation of cultural and
natural values for future generations, as well as for spatial planning.

On the other hand, cultural and natural heritage can provide valuable examples
of successful strategies to deal with uncertainty and risk; human ingenuity and the
capacity to share water management experience across cultures have shaped iconic
cultural landscapes enabling societies to cope with water hazards. Today heritage
can help us to better understand the dynamic relationship between societies, water
management and governance. Protecting natural heritage can provide an effective
strategy to address threats. Examples are flood plains and mangroves that provide
natural buffers to coastal arcas against the perils of the sea. Similarly, modern
water management can offer essential technologies to protect heritage sites acutely
threatened by natural disasters and prepare for the impacts of environmental
change. These examples provide key insights to improving our current approaches
as well as for actions towards an equitable and sustainable future for all.

With this book we aim to raise awareness amongst policy-makers, scientists,
practitioners and the public in the water community on the contemporary values
and uses of water-related heritage. Similarly it contributes to promoting a better
understanding amongst the heritage community of the water-related threats to
heritage (climate change, floods and tsunamis) and threats to water-related
heritage (tourism), as well as the importance to study the impacts of these threats
(e.g. climate change impacts studies) and the vulnerabilities of heritage in order to
prepare for protection and response measures.

The publication is based on presentations of the international conference
‘Delta protection: heritage helps’, held in September 2013 in Amsterdam, and
is supplemented by invited papers. Whereas the scope of the book cannot cover
the vast wealth of relations between heritage and water, it serves to expand and
define the multivariate relations between water and heritage, and to articulate and
strengthen these relations among the water and heritage communities.

1. Historical evolution of heritage protection: emerging
perceptions

The perception of the concept of heritage has evolved over time. One way we can
see this is by looking at the many conventions, charters, documents and treaties
that have been developed since the first half of the 20 century. In this chapter we
present a summary of the evolution in the perceptions, conventions and protective
measures for cultural and for natural heritage. There are a few instances where
cultural and natural heritage meet.

Cultural heritage

Water and culture have been intrinsically linked for thousands of years, but
the concept of heritage is more recent. The understanding of cultural heritage
has evolved significantly over the years. Whereas cultural heritage used to be
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a ‘monumental’ concept that informed us about the past, there is a growing
recognition of the significance of combining the tangible physical values and the
intangible aesthetic, spiritual and social values of heritage for the present and even
our future.

The roots of heritage policy can be found in Europe. During the 19™ century
international and regional agreements for the protection of cultural heritage
emerged for the first time, codifying the perceptions and appreciation of cultural
heritage. For example, the 1885 Convention on the Protection of Archaeological
Heritage of Europe and the European Convention on the Protection of Archacological
Heritage under the Council of Europe created broad legal protection of cultural
heritage antiquities and sites valuable to communities worldwide.

The 20™ century saw an incremental shift from regional agreements to
international consensus in the protection of cultural heritage. The 1931 Athens
Charter for the Restoration of Historic Monuments outlined a seven-point manifesto
to: (a) establish organizations for restoration advice, (b) ensure projects are reviewed
with knowledgeable criticism, (c) establish national legislation to preserve historic
sites, (d) rebury excavations which were not to be restored, (e) allow the use of
modern techniques and materials in restoration work, (f) place historical sites
under custodial protection and (g) protect the area surrounding historic sites.

The 1935 Roerich Pact, an inter-American treaty on the ‘Protection of Artisticand
Scientific Institutions and Historic Monuments’, represents the first multinational
agreement for the protection of cultural property during war and peace. While
limited in its provisions for the protection of immovable cultural property and cultural
and educational institutions, the Roerich
Pact allows no provisions for exception
by reason of military necessity. Following
World War Il the The Hague Convention
for the Protection of Cultural Property in the
Event of Armed Conflicc (UNESCO, 1954)
requires its signatories to protect cultural
property in war. The Convention attributes a
protective sign to facilitate the identification
of protected cultural property during an
armed conflict, which is also used to mark
exceptionally important cultural property
under special protection (see Fig. 1). The
1954 The Hague Convention was the first
international convention to define property
considered ‘important’ and ‘valuable’ for
humankind, and signalled the protection of

cultural property as an international issue.
In 1964, in Venice, the Second Congtress
of Architects and Specialists of Historic

Figure 1. The sign of the 1954 The
Hague Convention can be found on

many buildings of importance and
interest. others, created the International Charter

Buildings adopted resolutions which, among
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on the Conservation and Restoration of Monuments and Sites, better known as the
Venice Charter. One of the resolutions, put forward by the UNESCO, created
the International Council on Monuments and Sites ICOMOS), to carry out
the Charter. The Venice Charter provides an international framework for the
preservation and restoration of ancient buildings by means of a code of professional
standards. It states that the concept of a historic monument includes not only a
single architectural work but also its urban and rural setting, which provides the
evidence of a specific civilisation, a significant development or a historic event
(ICOMOS, 2015).

It was only in the Convention concerning the Protection of the World Cultural
and Natural Heritage (UNESCO, 1972) — the World Heritage Convention —
that the term cultural heritage was employed to define the cultural objects to be
protected at the international level. This Convention founded the well-known
World Heritage Programme and is currently the most widely ratified international
legal instrument in heritage conservation comprising 191 States Parties. A key
concept of the Convention is the recognition and protection of heritage of
‘outstanding universal value’ for the benefit of all humankind. Currently (spring
2015), there are over 1,000 World Heritage sites: 70% cultural, 20% natural and
3% of both natural and cultural value, in 161 countries.

The 1992 Valletta Treaty (formally known as the European Convention on the
Protection of the Archaeological Heritage) is a multilateral treaty of the Council of
Europe, also known as the Malta Convention (Council of Europe, 1992). It aims
to protect the European archacological heritage as a source of European collective
memory and as an instrument for historical and scientific study.

In 1994 the Nara Document on Authenticity, endorsed by ICOMOS experts
assembled in Nara (Japan) (UNESCO, 2015), was conceived in the spirit of the
1964 Venice Charter. It states that heritage today recognises the vernacular values
of various countries and cultures in a changing world, and considers the diversity
of cultures and heritage in our world as an irreplaceable source of spiritual and
intellectual richness of all humankind. The Nara Document adopted authenticizy
as the prime criterion for the assessment of heritage. The responsibility and the
management of cultural heritage is in the first place a prerogative of the cultural
community that has generated it. Many institutions have endorsed this broad
appreciation of cultural heritage.

In 2001 the General Conference of UNESCO adopted the Convention on the
Protection of the Underwater Cultural Heritage (UNESCO, 2001a). States Parties
to the Convention agree to protect ‘all traces of human existence having a cultural,
historical or archaeological character which have been partially or totally under
water for over 100 years,” including shipwrecks, sunken cities, prehistoric art work,
treasures that may be looted, sacrificial and burial sites, as well as old ports that
cover the ocean’s floors.

The 2005 Council of Europe Framework Convention on the Value of Cultural
Heritage for Society (the Faro Convention) defines cultural heritage as
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‘a group of resources inberited from the past which people identify, independently of
ownership, as a reflection and expression of their constantly evolving values, beliefs,
knowledge and traditions. It includes all aspects of the environment resulting from
the interaction between people and places through time (Art. 2).”

The Framework Convention also provides a set of guidelines that includes
adopting cultural heritage impact assessments and mitigation strategies where
necessary to enrich the processes of economic, political, social and cultural
development and land-use planning.

A recent development in the heritage debate is the recognition that cities and
urban areas make up a large percentage of tangible cultural heritage properties. With
increased urbanisation, this heritage is particularly relevant to urban development
and the post-2015 development agenda. The UNESCO’s Recommendation on
the Historic Urban Landscape (HUL) (UNESCO, 2011), presents a legislative
institutional framework with measures, including a glossary of definitions as a
relatively new approach to urban heritage management. Bandarin and Van Oers
(2014) provide by means of examples from all over the world an invaluable resource
for architects, planners, surveyors and engineers worldwide working in heritage
conservation, as well as for local authority conservation officers and managers of
heritage sites, including the link between historic cities and climate change. They
describe the Historic Urban Landscape as

‘an updated heritage management approach based on the recognition and
identification of a layering and interconnection of values — natural and cultural,

tangible and intangible, international as well as local — that are present in any
city. It is based also on the need to integrate the different disciplines for the analysis
and planning of the urban conservation process, in order not to separate it from

the planning and development of the contemporary city. [...] All this is part of the
day-to-day running of the city in order to respond timely and adequately to the
dynamics of the twenty-first century urban condition, which is always in a state of
Sflux and seemingly accelerating.”

Bandarin and Van Oers (2014) conclude with a research agenda for planners and
designers, facilitating the message that ‘the Historic Urban Landscape has different
meanings in different places that are shaped by different environmental, economic,
social and cultural conditions — these should be recognised and respected in order
to fulfil its potential to reconnect the historic city to its urban context and to the
dynamics of the urban century’.

The broad recognition of cultural heritage to include both tangible and
intangible heritage (e.g., engineering works, music, dance, literature, painting,
spiritual heritage) is not new. For example, 60 years ago lkram and Spear (1955)
described the archaeology, architecture, music, painting, calligraphy, literature
in various languages and the spiritual heritage of Pakistan. Physical and spiritual
water-related heritage is important as a source of valuable scientific and historic
information about the prehistoric, historic and contemporary identities of peoples
and cultures. As expressed in the Venice Charter, the Nara Document and other
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documents on cultural heritage it is an asset for an economic and social development
and integral parts of a people’s cultural identity and traditions.

On a practical level, the 1985 Environmental Impact Assessments Directive of
the European Union (EU Directive on the assessment of the effects of certain public
and private projects on the environment, European Commission, 1985) requires
that the potential impacts of proposed developments on cultural heritage are
examined. However, in current studies any cultural heritage is mainly restricted
to built heritage. There is a need for better guidance on how best to consider
the implications of proposals on cultural heritage. Cultural heritage needs to be
considered earlier in the process and should include greater public participation

(Bond et al., 2004).

Natural heritage

Natural heritage can be considered as the aggregate of the elements of biodiversity
— flora, fauna and ecosystems — and geological structures and formations
(geodiversity). The UNESCO World Heritage Committee recognises important
sites of natural heritage as World Heritage, approving of the need to preserve
them ‘as part of the world heritage of mankind as a whole.” More recent global
agreements, such as the 1992 Convention on Biological Diversity, provide States
sovereign rights over biological resources within their national jurisdictions. The
idea of static conservation of biodiversity is slowly being replaced by the idea of
dynamic conservation. The agreements commit countries to conserve biodiversity,
develop resources for sustainability and share the benefits resulting from their use.
It is expected that bioprospecting or the collection of natural products will be
allowed by the biodiversity-rich country, in exchange for a share of the benefits.

Natural heritage is defined in the World Heritage Convention. It is further
elaborated in the Operational Guidelines for the Implementation of the World
Heritage Convention (UNESCO, 2013), which also contains the specific criteria
and conditions of integrity for assessing the ‘outstanding universal value’ of
prospective natural heritage properties for recognition as World Heritage.

UNESCO’s World Heritage Centre works closely with the IUCN, its advisory
body to the World Heritage Convention, in order to ensure the long-term
conservation of inscribed natural heritage sites and their World Heritage values.
This includes undertaking monitoring missions in cooperation with States Parties
and site management in order to evaluate the state of conservation of World Heritage
sites, capacity-building activities and providing technical assistance. In addition
to the IUCN, major international non-governmental conservation organisations
such as the Conservation International (CI), the Fauna and Flora International
(FFI), The Nature Conservancy (TNC), the Wildlife Conservation Society (WCS)
and the World Wide Fund for Nature (WWF) have figured prominently in the
expanding range of activities carried out by the World Heritage Centre.

In 2005, the World Heritage Marine Programme was established in order
to protect marine areas of ‘outstanding universal value’. The UNESCO World
Heritage Centre’s Natural Heritage Strategy (UNESCO, 2006), endorsed by the

World Heritage Committee, outlines the guiding principles, mission statement,
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strategic orientations and working methods of all activities relating to natural
heritage.

Cultural and natural heritage

There are only a few instances where cultural and natural heritage meet. The
UNESCO 1972 World Heritage Convention brought together the recognition
and protection of cultural and natural heritage of ‘outstanding universal value’ for
the benefit of humankind. The Convention establishes a system of identification,
presentation, and registration in its World Heritage List. The World Heritage
Convention has progressively attained almost universal recognition by the
international community during its more than 40 years of life. “Throughout the
years the Convention has undergone extensive interpretation and evolution in its
scope of application. Operational Guidelines, which are the implementing rules
governing the operation of the Convention, have been extensively revised. Links,
with the World Bank and the United Nations, have been developed to take into
account the economic and political dimension of world heritage conservation and
management’, state Francioni and Lenzerini (2008). Many legal issues remain to
be clarified, however. For example, should World Heritage reflect a reasonable
balance between cultural properties and natural sites? What is the meaning of
‘outstanding universal value’ in the context of cultural and natural heritage?

The World Bank and other development banks recognise the importance of
physical cultural and natural resources as (a) sources of valuable scientific and
historical information, (b) assets for economic and social development, and (c)
integral parts of a people’s cultural identity and practises. In its Operational Policy
and Bank Procedures, the World Bank aims to avoid, or mitigate, adverse impacts
on cultural and natural resources from development projects that the World Bank
finances (World Bank, 2009; Freestone, 2013).

Moreover, at the practical level, the legally-binding and globally-accepted
guidelines and procedures for the Environmental Impact Assessment and Strategic
Environmental Impact Assessments (IAIA, 2015) support the assessments of the
impacts and mitigation measures of development projects on both the natural
and cultural heritage. The IAIA fosters and strengthens the integration of cultural
and natural heritage in impact assessments. However, as to natural heritage,
Environmental Impact Assessments are often limited to the assessment of the
impacts of development on the adherence to pre-set norms and goals, for example,
the impact of a project on a threatened species (Brown, 2008; Akoto and Piésold,
2008; De Jesus, 2008).

Today cultural heritage is firmly established within national policy frameworks
across all regions. Particularly in the last 20 years heritage has increasingly become
part of the discourse on sustainable development, including its economic valuation.

InNote A/69/216 of July 2014 “ Globalization and interdependence: cultureand
sustainable development” of the Secretary General of the United Nations, submitted
to the General Assembly of the United Nations and prepared by the United Nations
Educational, Scientific and Cultural Organization the last conclusion states that
“building on the lessons learned from the Millennium Development Goals, the
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international community should be looking for development strategies that foster
effective, transformative change and that rely on culture. In this context, and based
on the language of the General Assembly in its resolution 68/223, that “Member
States, intergovernmental bodies, organizations of the United Nations system,
relevant non-governmental organizations and all other relevant stakeholders give
due consideration to culture and sustainable development in the elaboration of
the post-2015 development agenda”, Member States may wish to fully integrate
culture, through cultural heritage and the cultural and creative industries, within
the framework of the future system of goals, targets and indicators”.

In conclusion, cultural and natural heritage are currently firmly established
within international conventions, national policy frameworks across all regions, as
well as operational guidelines and procedures. Clarification of the role of heritage is
required to not only strengthen the role heritage can play in supporting the MDGs
and SDGs but also to identify, develop and apply methods of assessing trade-
offs and synergies of cultural and natural heritage within sustainable development
processes.

2.Water and heritage

Water-related heritage can be considered an icon for the individual and combined
paradigms that inform us why our ancestors chose or developed certain solutions
(e.g., large dams, water wells, windmills) and why certain governance systems
match certain geophysical, economic and cultural conditions. Studying water-
related heritage will guide us in assessing the long-term consequences of specific
managerial strategies and their applicability in specific conditions. Water-related
cultural heritage can indeed provide us with the means and insights by means of
which we can better serve the needs of present populations and make informed
choices concerning our future.

Numerous iconic examples of water-related natural and built heritage have
brought together peoples of diverse origins. For instance, the Iguazu waterfalls
on the border between Uruguay and Argentina, Roman aqueducts, qanats in Iran,
the flying sand weir at the Dujiangyan Irrigation System in China, the Beemster
polder in the Netherlands, the Niger River, and the garden pools in Udaipur,
India. Heritage icons are present in all climates: arid and wet, in urban and rural
settings, natural and built environments (UNESCO, 2001b).

The development of water infrastructure is closely connected to human
development. However, global development targets set in the Millennium
Development Goals (MDGs, 2000) and in the Sustainable Development Goals
(SDGs, 2015) do not refer to the relevance of water-related cultural achievements.
Although Goal 15 of the SDGs calls for the protection, restoration and promotion
of the sustainable use of terrestrial ecosystems, sustainable management of forests,
combat desertification, halt and reverse land degradation and put an end to
biodiversity loss, implicitly supporting the protection of natural heritage, the
protection of cultural heritage is not mentioned explicitly or implicitly in the
SDGs.
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Water and indigenous knowledge, the spiritual connection

In the Essays on Water History, published by the International Hydrological
Programme (IHP) of UNESCO, Hassan (2011) wrote: ‘For millions of years,
hunters and gatherers depended on wild plants and animals sustained by rainfall.
Around 10,000 years ago, the structure and dynamics of human societies were
radically transformed due to the development of food production.” Not long after
food production developed, a reciprocal relation with water management started.

In fact one could say that the attempts of humankind to cke out a living and,
whenever possible, satisfy its desires, have defined the history of water management.
Water was not only a substance that sustained life, but equally a cornerstone in the
way people conceived the world and expressed their thoughts. Water management
systems have been embedded in attitudes and practises constituting paradigms that
have not only exalted but also operationalised mental, institutional and technical
structures.

The spiritual connection to water and water bodies that indigenous societies
maintain as an integral element of their culture is often a source of water conflict
with external development agents. A more explicit understanding of indigenous
value systems by the development community would (a) help relieve the pressure
on indigenous societies and (b) serve the cause of sustainable development for
humanity as a whole (Groenfeldt, 2013). This way of thinking is reflected in the
4% World Water Development Report of the United Nations (2012b; see also
Kelleher, 2010):

“Ethical, Social and Cultural drivers are ar the heart of the human familys
interaction with the natural environment. Collectively they influence human
beliefs, values, thoughts, perceptions, knowledge, decisions, behaviours, demands
on and use of water.”

In line with this thinking, for example, the Australian Government’s Indigenous
Caring for Country programme recognises the role that indigenous peoples have in
natural resource management and heritage activities. The programme encompasses
Indigenous Protected Areas, which are ‘areals] of indigenous-owned land or sea
where traditional indigenous owners have entered into an agreement with the
Australian Government to promote biodiversity and cultural resource conservation’
(Australian Government, 2008). Due to the ownership of water vested with the
Crown, in Australia the indigenous peoples’ engagement in cultural heritage
protection of water places has been a further point of negotiation and compromise.
Nevertheless, in most instances, water sites with special meaning to the indigenous
peoples are considered secondary to the interests of states, territories and industry
stakeholders. The Australian Human Rights Commission (2009) states,

“In general, obviously, there is a gap in water policy [...]. The development of water
policy has been done in complete isolation to other social and economic areas of
policy that relate to indigenous peoples, including native title, land rights, and
cultural heritage. This inconsistency and isolation is heightened for indigenous
peoples, whose land boundaries do not corvelate with state borders. Additionally,
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indigenous peoples are not only forced to try to fit into state water legislative
arrangements and make them relevant to their needs, but also to navigate and
apply a wide range of other legislation and policy to secure distinct rights to lands,

waters, natural resources and cultural heritage.”

Climate change: a water-related threat to heritage

Cultural and natural heritage is often threatened by external impacts, be it water-
related disasters or human-induced environmental changes and deterioration.
Of these external impacts, the impacts of climate change have become a key
management concern. In the light of climate change the UNESCO has published
a practical guide, entitled ‘Climate Change Adaptation for Natural World Heritage
Sites’ (Perry and Falzon, 2014). It recognises natural heritage as a means to protect
against climate impacts and provides a climate change adapration strategy that can
be integrated into an overall management plan. It concludes that for ‘any strategy
to work, it must be relevant to its users, and above all practical. Too many well-
intended strategies fail simply because they are unusable.” This UNESCO guide
particularly recommends the UNESCO World Heritage Centre’s ‘Enhancing our
Heritage Toolkit’ as it provides the basis of the management approach highlighted
by the guide. It stresses, amongst others, that ‘climate change is a highly complex
process, and we cannot predict in detail what future climate conditions might be.
However, we can develop some consensus on likely scenarios based on observation,
knowledge and expertise, and professional intuition. What is clear is that change
is on the way’ (UNESCO, 2008). In Australia, for example, climate change poses
the greatest long-term threat to important sea and water elements, including the
World Heritage listed Great Barrier Reef (Australian Government, 2008; Australian
Human Rights Commission, 2009).
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Figure 2. The location of UNESCO cultural World Heritage sites impacted by a sea-level rise. Colours: the
lowest temperature rise at which the site will be impacted by a sea-level rise. Open black circles: the sites already
impacted due to the present-day temperature rise (0.8 K). Source: Marzeion and Levermann (2014).
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Marzeion and Levermann (2014) report the results of computations on the
impacts on current cultural heritage sites of sustained warming through sea-level
rise estimates for the next 2000 years. They estimate that 6% of all the UNESCO
World Heritage sites will be affected if the current global mean temperature sustains
for the next 2 millennia, while 0.7% of the current global land area will be below
mean sea level. These numbers increase to 19% (136 sites) and 1.1% for a warming
of 3 K. Given the lifetime of carbon dioxide in the atmosphere — millennia — there
are indications that fundamental decisions concerning the cultural heritage and its
protection are required. Marzeion and Levermann conclude that in coastal deltas
the cultural heritage is especially threatened with inundation due to sea-level rise,
in particular in Southeast Asia (Fig. 2).

Including water-related heritage in the global water dialogue

Though many heritage sites are water-related — for example, eight of the eleven
World Heritage sites in the Netherlands are related to water — little attention is
given to heritage in the global water dialogues or in the sustainable development
dialogues. To date heritage has not been mentioned in any of the Ministerial
Declarations of the World Water Forums that have been organised triennially
since 1997. As mentioned in the foreword by Blond (see above), the definition
for sustainable development ‘People, Planet Profit’ misses Culture (and heritage).
Blond coins ‘Culture’ the forgotten fourth pillar of sustainable development.

Against this background the ICOMOS-Netherlands organised the international
conference entitled ‘Protecting deltas: heritage helps’. Held in September 2013
in Amsterdam, it brought together more than 100 experts and resulted in the
Statement of Amsterdam that called for more attention to Water and Heritage. It
states that:

*  The management of water heritage is dynamic and ‘management of change’.
Both historic and modern water structures and water works symbolize the
need to adapt the function and meaning of sites based flexibility and resilience.
Profound understanding of historical continuity is essential to improve
planning processes.

*  Heritage is a valuable asset as a source of pride and identification, social and
economic development, stimulating striving communities. Preparing societies
for the effects of climate change will work best where cultural landscapes are
improved.

* The societal desire for sustainability has found its expression in spatial
planning, but the relation of heritage, development and sustainability is still in
its infancy. There is an urgent need to communicate the links to policy makers,
professionals and the public. Spatial planning plays a key role in connecting
decision makers and experts, including engineers, archaeologists, historians,
geographers, ecologists and landscape architects.
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The Statement of Amsterdam recommends fostering research, the exchange
and dissemination of water and heritage-related knowledge and experience,
including any traditional and informal knowledge, between governmental, non-
governmental, private and research organisations.

More recently, the Dresden Declaration on Flood Protection for Historic Sites,
adopted at the international conference (June 2014, Dresden) on ‘Flood Protection
for Historic Sites’ also calls for combining the cultural, ecologic, spatial, structural
and social aspects of flood risk management, forming an integrated part of urban
land use and development planning.

3.0rganisation of the book

The following twenty-four articles from all over the world are centred on cultural
heritage, natural heritage and underwater heritage. The articles discuss scientific
analysis, advocacy, policy-making and practical protection measures, and have
been grouped in three core sections in relation to material, organisational, and
spatial, social, cultural, economic and spiritual connections.

Material connections

Heritage in water infrastructure

The four articles in this section describe the aesthetic uniqueness and beauty,
technical genius, social appropriateness and the economic values of iconic ancient
water infrastructure. The articles elucidate the cultural, economic and social values
of these traditional water infrastructures for their contemporary use, as well as
their provision of essential services today and tomorrow. These articles could be
supplemented by many more examples such as qanats and water wheels in the
Middle East, and water mills in the Netherlands. The articles all call for recognition
of these values and the protection of traditional water infrastructures — a clear
message to policy-makers, water managers and heritage experts.

Haut et al. in ‘Evolution of rainwater harvesting in urban areas through the
millennia: a sustainable technology for increasing water availability’ describe
the evolution of rainwater harvesting in urban areas in the course of millennia.
Rainwater harvesting is a sustainable technology for increasing water availability
and reducing flood risk dating back to 5000 BC.

‘Ancient Water Wisdom: Traditional water systems in India’ by Pangare
and Pangare presents an in-depth inventory that also includes water-harvesting
techniques serving as valuable lessons for today.

Hang outlines in “Water and Heritage in Angkor, Cambodia: The monuments,
the ancient hydraulic network and their recent rehabilitation’ how the rehabilitation
of ancient Angkorian hydraulic systems in Cambodia was prepared and carried out,
to optimise water and disaster management while safeguarding temples, and how
the activities informed advanced hydraulic engineering, thereby meeting multiple
needs. The rehabilitation of the cultural landscape and environment has, in turn,
recovered their essential functions in safeguarding the monuments.
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In “Water and World Heritage’ Lemaistre presents descriptions and illustrations
of several examples of water-related world heritage icons.

Disasters and heritage: impacts and responses

The first disaster addressed in this section is climate change: its impact and
responses. The articles present specific case studies from around the world, and
examine the impacts of climate change on cultural heritage, research findings and
response strategies, and present recommendations for their protection.

In ‘Beautiful tropical islands in the Caribbean Sea: Human responses to
floods and droughts and the indigenous archaeological heritage of the Caribbean’
Hofman and Hoogland focus on the evidence of catastrophic events and the water
management responses of local communities through a number of archaeological
case studies from across the Caribbean.

‘Pacific Islands on the brink of submergence: Rising seas in an age of climate
changes’ by Peterson presents results of archaeological research on the impact of
sea-level change on islands in the Pacific and the response mechanisms available to
local communities.

In ‘Sand and water — and their effect on the pyramids of Meroe in the Sudan’
Riedel describes the destructive impacts of changes in precipitation on the pyramids
and the need for further study into its root causes, as well as the development and
implementation of protection measures.

‘Preserving New York City’s waterfront industrial and maritime heritage
through resilient and sustainable development” by Daly centres on New York City’s
future waterfront development, and emphasises the importance of respecting its
industrial heritage through the development of sustainable, resilient and integrated
urban manufacturing of residential, recreational and commercial cityscapes.

In “The values of sea defence heritage in Recife, Brazil’ Labanca Corréa de
Aratijo discusses the value of a 400-year old sea defence and its need for protection
as it is faced with the impacts of climate change, rising sea levels and intensified
storms.

In ‘Hazard vulnerability and management of cultural heritage in the context
of water-related hazard in the Republic of Korea’ by Rii ¢z a/. the authors present
physical and policy responses to improve the conservation of cultural and natural
heritage properties threatened by water-related disasters and climate change.

Lieske e al. in ‘Flood Protection for Historic Sites’ introduce a nation-wide
study on heritage conservation and urban development confronted with large-scale
flood protection, and examine the 2014 Dresden Declaration on Flood Protection
for Historic Sites.

Dunkley argues in ‘Climate is what we expect, weather is what we get: managing
the potential effects of oceanic climate change on underwater cultural heritage’
that the effects of natural and anthropogenic climate change on underwater
cultural heritage have not been adequately considered or researched. He offers
an innovative assessment of the potential effects of oceanic climate change on
managing underwater cultural heritage in the UK.
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“Water as an Agent of Creation and Destruction at Petra’ by Comer describes
the degradation of the water harvesting system in the area surrounding the ancient
city of Petra. It recommends identifying ways to divert water from the sites in
order to address the deterioration of archaeological resources.

In “Tsunami and heritage after the 2011 Great East Japan Earthquake’
Okamura reviews past and current impacts on cultural heritage in a devastated
area, the subsequent interventions and the research carried out. It presents a
newly-emerging issue: dilemmas concerning heritage and communities during
reconstruction processes, and clarifies how these issues and challenges relate at a
socio-political level in Japanese contemporary society.

In ‘Reinforcing the link between Water and Heritage to build Disaster
Resilience Societies’ Jigyasu analyses the various impacts of natural disasters on
cultural heritage, the contribution of heritage to disaster prevention, and the role
of urbanisation in water-related heritage.

Organisational connections

‘Between pragmatism and cultural context: Continuity and change in Ifugao wet-
rice agriculture’ by Acabado describes the centuries old Ifugao water management
system on the Philippines that parallels other systems in Southeast Asia (i.e.,
Indonesia), where communities using the same water channel share irrigation
management duties.

In “Water services heritage and institutional diversity’ Katko et al. research
the role of governance heritage in water services. The authors argue that the
development of sustainable and resilient water and wastewater systems requires
an understanding of the institutional, administrative and legal frameworks of a
country.

Sugiuraarguesin “The framework of skillsand knowledge shared inlong-enduring
organisations in improvement of irrigation efficiency in Japan’ that unchanged
social structures of water user organisations and institutional frameworks of skills
and knowledge have supported the sustainability of technological development
since the commencement ofirrigation.

Spatial, social, cultural, economic and spiritual connections

In “The Delta works: heritage and new space for a changing world’ Steenhuis argues
that 55 years after the construction of the first Delta Works, certain changes to the
structures are unavoidable, but that these changes should respect the principles of
the original design by adhering to the alliance of geomorphology and vegetation
and, just as essential, the feeling and experiencing of society about the transitions
between sea and land, polder and dam.

‘Beyond site protection: embedding natural heritage into sustainable landscapes’
by Irvine pleads for the incorporation of natural heritage in development at
multiple scales, challenging conventional wisdom and requiring reconciliation of
strong views and vested interests, for which Environment Impact Assessments and
the Strategic Environmental Assessments are relevant instruments.
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‘The Santa Cruz River: Four Millennia of Water Heritage and Security in the
U.S.-Mexico Border Region’ by De Grenade and Varady presents an inquiry into
the historical role of water in assuring societal security — via a river’s contribution
to regional identity and to traditional food production systems — to yield insights
into desert cultures of the past. Perhaps, more importantly, it may offer critical
clues to the future of water in desert cities.

In ‘Cultural and tourism strategies for preservation and enhancement of Venice
and its lagoon’ Calzolaio proposes redirecting tourist flows towards the lagoon and
highlighting the role of its polycentric communities, thereby levering the authentic
heritage of Venice and its lagoon, where land and sea, nature and man have become
inextricably linked through centuries. The paper describes the complex relationship
between the waters of the Venice lagoon and the community of people who share
its amphibious space, residents and visitors.

‘The Tennessee Valley Authority: How the Development of the Tennessee
River Influenced Archaeology in the South-eastern United States’ by Pritchard
presents how the Tennessee Valley Authority has managed archaeological resources
in conjunction with its operation of the Tennessee River from its early days in the
1930s, and is committed to continue its efforts.

‘Development of the WWC world water heritage systems (WHS) programme’
by Tyagi and Yamaoka proposes to create a “World Water Heritage Systems
Programme’. This programme is meant to encourage the protection of the people-
centred practices, institutions, organizations, regimes and rules that serve as soft
components of sustainable water management systems across all sectors and
geographical areas around the world: intangible water heritage.
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Abstract

In the prehistoric world, the low water availability in several regions of the world,
particularly in arid and semi-arid regions, resulted in the construction of various
water reservoir types for collection and storage of rainwater (e.g. in Minoan
islands, in Indus valley, in China, and pre-Columbian civilizations). Rainwater
harvesting was known even in the Mesopotamian plain where fresh water from
the Tigris and Euphrates was secured. There, rainwater harvesting was used to
secure drinking water supply. Since then, the technology of construction and use
of several types of cisterns has been further developed, by different civilizations.
Advanced water cistern technologies were invented, with a peak in the Classical
and Hellenistic periods that follows Alexander the Great, during which they spread
over a geographical area from Greece to the West (central and south Italy) and
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to the East (Egypt and probably eastern and southern of Egypt). The Romans
inherited the Greek cistern technologies and developed them further mainly by
changing their application scale from small to large and implementing them to
almost every large city. Characteristic paradigms of ancient water cisterns are
considered in this chapter. Development of cost-effective decentralized water
supply management programs based on the harvesting and the storage of rainwater
in cisterns, especially in water-short areas, is a sustainable technology. In addition,
during floods, one of the basic ideas is to increase water storage in order to achieve
the maximum possible water retention effect together with minimum investment
(e.g. construction of local embankments for the towns). This can also be achieved
by construction of water cisterns.

Keywords: Ancient Egypt; Classical and Hellenistic periods; increase water availability;
Medieval times; Minoan Crete; Roman period; Ottomans; rainwater; reduction of
[flood risks; water cistern.

1. Prolegomena

Water harvesting methods are distinguished by the source of water they harvest
(e.g. groundwater, surface water, rainwater and floodwater). Historically, there
is a correlation between heightened human efforts for the construction of water
harvesting structures across regions and abrupt climate fluctuations, like aridity,
drought, and floods (Pandey ez al., 2003). The objective is the safe beneficial
use of this water and the reduction of the impact on the society of these climate
fluctuations (Konig, 2011).

Rainwater harvesting is defined in this chapter as atmospheric precipitations
collected and stored usually in artificial reservoirs, known as cisterns (Angelakis,
2014). This rainwater is used for household purposes such as bathing or washing,
washing dishes, laundering clothes, irrigation or other urban uses.

From the early civilizations, people in arid and semi-arid regions have relied
on harvesting rainwater. Every settlement of the humankind basically depended
on a sufficient water supply. This applies especially for arid and semi-arid climate
conditions in the regions around the Mediterranean basin and especially in
southeastern Greece, where water resources availability is extremely limited during
the summer (Antoniou ez al., 2014). In this region, rainwater harvesting was
practiced since the early human settlements, in order to increase water availability.

It is important to differentiate rainwater harvesting to supply a group of people
with water and stormwater' management for flood control. Stormwater can be
highly polluting and have dramatic consequences due to flooding. Rainwater is
normally of good quality and, today, its harvesting typically concerns small-scale
installations in individual houses, office buildings or industrial sites, including

1 Stormwater refers to the water resulting from rain draining into the stormwater system from roofs,
roads, footpaths and other ground surfaces. It is usually channelled into local waterways. Stormwater
carries rubbish, animal faeces, human faecal waste (in some areas), motoroil, petrol, tyre rubber,
soil and debris. Initial runoff associated with storms can contain very high concentrations of enteric
pathogens (disease-causing organisms) and contaminants (both chemical and physical).
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agricultural greenhouses. Rainwater harvesting can however be part of a stormwater
management strategy (e.g. green roofs, roof storage or mini dams, underground
storage, aquifer recharge or open storage basins integrated in the landscape).

These last decades, large rainwater harvesting projects have been implemented
on housing developments, industrial complexes and agricultural greenhouses, to
reduce water costs (potable, wastewater and stormwater charges), as well as to reduce
stormwater infrastructures. Water storage structures range from: (a) individual
domestic rainwater tanks, (b) the collection and reuse of all precipitations on large
industrial or agricultural sites, (c) community wetlands for treatment and storage,
(d) aquifer recharge for storage and recovery to (e) large-scale dams.

Nowadays, appropriately treated rainwater has the potential for use within
dwellings, offices, housing estates, industry, horticulture, gardens, etc. The final use
of the rainwater will dictate the level of treatment that it will require. Where such
use does occur, it is essential that appropriate safeguards are taken to prevent cross
contamination of potable water supplies, damage to internal fixtures and fittings
or harm to the environment (Angelakis ez /., 2012). The design and development
of such water collection systems is an emerging technology encouraged by the
need for water conservation and water taxes. It can be of great value where water is
scarce, but in many circumstances it is still expensive and not necessarily beneficial
to the environment. It is essential that any applications may be properly controlled
to prevent risks to public health (Angelakis ez al., 2012).

There are examples of rainwater harvesting systems in many countries. Some
of them were installed and operated for centuries. Rainwater harvesting has
been practiced in Crete, Hellas, since the Neolithic times, ca. 7,000 — 3,200 BC
(Angelakis and Spyridakis, 2013). Thereafter, during the Bronze Age (ca. 3,200
— 1100 BC), rainwater harvesting was driven by the necessities to make efficient
use of natural resources, to make civilizations more resistant to destructive natural
elements, and to improve the standards of life. At that time, Minoans (Crete, ca.
3,200 — 1100 BC) and an unknown civilization (ca. 2,600 — 1900 BC) in the Indus
valley at Mohenjo-Daro, Harappa, and Lothal developed advanced water supply
systems, including water cisterns, which were called epektathhkan in Europe and
Asia (Mays et al., 2012).

The scope of this chapter is to present, chronologically, the main achievements
in harvesting of rainwater worldwide, including water supply technological
principles and consumption by humans, extending from the earliest civilizations
to the present. It is not an exhaustive presentation of what is known today about
rainwater harvesting, treatment and use since the beginning of human quest
for water supply systems. Emphasis is given to the places and periods of great
achievements. A recent achievement of multi-purpose decentralized rainwater
harvesting system at a high-rise building complex is introduced.
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2. Prehistoric times

2.1. Minoan Era (ca. 3,200 -1100 BC)

The island of Crete, Hellas, was inhabited even before the early Neolithic period.
Genetic markers in modern population indicate that the first Neolithic migrants
arrived to Crete between 8,800 and 10,000 BC, from the Levant, the region in the
eastern Mediterranean that today encompasses Israel and the West Bank, Jordan,
Syria and part of southern Turkey (Paschou ez al., 2014). The first evidence of the
use of metal artifacts consists of a copper axe found by Sir Arthur Evans in Kephala,
Knossos (Strasser, 2010). Crete was permanently inhabited during the Bronze Age
(ca. 3,200 — 1100 BC) by the Minoan civilization that flourished and reached its
pinnacle as the first European civilization of the Aegean world (Alexiou, 1964).
Among other evidences, this may be demonstrated by the advanced techniques used
for collecting, storing, and transporting surface water, highlighting that Minoans
had a good degree of understanding of the basic water management techniques
(Koutsoyiannis ez al., 2008; Angelakis and Spyridakis, 2010).

Several examples of Minoan achievements in collecting and storage of rainwater
have been reported (Koutsoyiannis e# al., 2008; Angelakis ez 2/., 2012). In Minoan
Phaistos, Archanes, Zakros, Chamaizi, and Myrtos-Pyrgos, in contrary to Knossos,
Tylissos, and other Minoan establishments, the water supply system was dependent
directly on precipitation. Rainwater was collected from the roofs and yards of
buildings in cisterns. At Phaistos, no wells or springs have been found. Special care
was given to (a) cleaning the surfaces used for collecting the runoff water and (b)
filtering in coarse sandy filters the water before it flowed into the cisterns in order
to maintain the purity of water. The collected water was mainly used for washing
clothes and for other cleaning tasks (Angelakis and Spyridakis, 1996). An element
of the rainwater harvesting system in Phaistos is shown in Fig. 1. More on Minoan
cisterns are referred in Mays ez al. (2013).

Figure 1. Small water cistern with coarse sandy filter in the rainwater
harvesting system in Phaistos. With permission of A. N. Angelakis.
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2.2. Indus Valley civilization (ca. 3,300 -1300 BC)

During the Indus Valley civilization, the inhabitants of Mohenjo-Daro were
masters in constructing wells and cisterns. It is estimated that about 700 wells
have been built within their city (Kenoyer, 1998). The cities had strong walls to
resist damages due to floods. One reason for this large number of wells and cisterns
is that Mohenjo-Daro received less winter rain and was situated further from the
Indus River than the other prominent cities of the Indus Valley civilization. Hence,
it was necessary to collect and store rainwater for various purposes. An example of
a cistern excavated in Moen-Jo-Daro is given in Fig. 2.

Figure 2. Different types of cisterns during the Indus Valley civilization: in
Mohenjo-Daro (top) (Bisht, 2011) and in Dholavira (bottom) (Kenoyer, 1998).
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Another very good example of water achievement during the Indus Valley
civilization is the well-planned city of Dholavira, on Khadir Bet, a low plateau in
the Rann in Gujarat (Kenoyer 1998). A large number of tanks were cut in the rocks
to provide drinking water to the tradesmen who used to travel along an ancient
trade route. Each fort in the area had its own water harvesting and storage system
in the form of rock-cut cisterns, ponds, tanks and wells that are still in use today

(see Fig. 2).

2.3. The Mycenaean civilization (ca. 1600 — 1100 BC)

In about 1450 BC, an unexplained event laid waste all the centres of Minoan
Crete. Meanwhile, the Minoan civilization was overrun by the Mycenaean
civilization from mainland Greece. As a consequence, the advanced Minoan hydro-
technologies, especially water cisterns, spread to the Greek mainland (Angelakis

and Spyridakis, 1996).

3. Historical times

3.1. Urban Rainwater Harvesting and Management in China

A large cistern, built during the Yangshao culture (from 5,000 BC to around
3,000 BC), was discovered at Lingbao City (Henan Province). It evidences that the
earliest history of rainwater harvesting in China is dated back to ca. 5,000 years ago
(Jing, 2001). China was an agricultural based country for thousands of years. The
urban history started at around 2,000 BC. In that time, there were many kingdoms
established in centre China, especially in the Yellow River basin. The building
of their capital cities was the start of urbanization in China. It included urban
water systems construction. Accordingly, rainwater harvesting was also considered
in order to meet the needs of the population. In China, the purpose of rainwater
harvesting was different for rural and urban areas. The rainwater harvesting in the
rural areas were mainly practiced for irrigation and daily life. In the urban areas,
rainwater harvesting was mainly considered for the rainstorm water management,
storage of water for water supply and waterscape.

Urban rainwater harvesting was considered as a part of the systematic water
system in a city. A complete model of the urban water system of Chinese cities was
first formed at the Han Chan’an city, the capital city of Han Dynasty, at around
200 BC. This model influenced urban water system design and construction in
subsequent dynasties of China until the early 19th century. As presented in Fig. 3,
this model consisted of several components, including urban rivers, ponds, moats
and drainage rivers (Yun Zheng, 2015). According to the ancient idea, the banks of
a river, especially for the major rivers like the Yellow River, were strongly considered
as the ideal place for the establishment of a city (Huai Chu, 2005). When a city
was built near a river, it was convenient for water supply but, simultaneously, it
also faces highly rainstorm risk. Therefore one of the most important functions of
the urban water system was to manage the rainstorm water.
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3.2. Etruscans (ca. 800 — 100 BC)

Possible hydro-technological connections between the Minoan civilization and
the Etruscans have been reported (Angelakis ez /., 2013). The evolution of water
science in Europe was characterized by discontinuities and regressions during
the Dark Ages. However, Minoans probably “built bridges” with neighboring
civilizations such as the Egyptians, Mycenaeans, Etruscans, and Classical Greeks
(Angelakis er al., 2013). Several water cisterns are known in the city of Perugia, in
Umbria. One of the most interesting cisterns is in Via Cesare Caporali, accidentally
discovered in 1989 during renovations of a building. This cistern is similar to those
in Minoan Knossos and Archanes. In the town of Todi, also in Umbria, there are
about 5 km of hypogeum tunnels and galleries, and more than 30 cisterns, dating
from the Etruscan times.

3.3. Classical and Hellenistic Periods (ca. 480 - 67 BC)

During the Classical and Hellenistic periods, significant developments were made
in hydraulics. They allowed the invention of advanced hydraulic and pneumatic
instruments and devices (such as water lifting devices, hydraulic clocks, musical
instruments, steam boilers and a reactive motor). All of these developments reflect
a good understanding of the combined action of air and water pressure (Antoniou
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Figure 3. General form of an ancient urban water system in China.
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et al., 2014). Also during the Classical and Hellenistic periods, pressure flow was
applied on a large technological scale for water conveyance for first time in the
humankind history.

Regarding rainwater harvesting during the Classical and Hellenistic periods,
a characteristic example is the water supply system of the citadel at Pergamon, in
western Anatolia (now Turkey). The first settlement of the town was on the top
of a high hill. Its water needs were met by rainwater stored in a system of cisterns
(ensuring secured water supply in the event of a war) and by a small spring at
the foot of the hill. By 1993 AD, 149 such cisterns had been found, capable of
supporting a population of about 7,900 inhabitants (Garbrecht and Garbrechr,
2005).

In the Hellenistic period, significant developments relevant to water supply
and to hygienic lifestyle were achieved in several places of Hellenistic Hellas.
During this period, impressive accomplishments were achieved in hydraulic
works. Especially, cistern technologies of Minoans and Mycenaeans were further
improved by building cisterns of rectangular cross-section as well as circular ones
(e.g. in Lato, Dreros, Santorini, Amorgos, and Delos). In castle areas, cisterns were
also totally or partly carved into rocks, as on the island of Rho (Antoniou, 2012).
Several small-scale residential rainwater cisterns have survived, such as those in
Santorini, Delos, Aegina (Fig. 4), Amorgos and Polyrrhenia. These were carved
into rocks and were mainly pear-shaped. At least one layer of hydraulic plaster was
applied to prevent water loss from leakage through the bottom and walls of the
cisterns. The estimated capacity of such cisterns is about 10 m>.

In addition to these small-scale cisterns, much larger ones were excavated in
rocky fortresses. Several examples show regular and well-designed shapes similar
to the great rainwater cistern of the Theatre of Delos (Fraisse and Moretti, 2007).

Figure 4. Hellenistic cisterns: the main cistern (possibly originally covered) at Elanion
sanctuary in the island of Aegina (left) and the slab-covered cistern of the sanctuary of Heraion
at Loutraki Attika (right).
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Figure 5. Nabataean rainwater fed cistern in Humeima, Jordan (left) and one of the cisterns of Masada, Dead
Sea valley (right).

3.4. Nabataean and Hasmonean (ca. 87 BC — 150 AD)

The Nabateans built numerous cisterns for storage of rainwater in their city centres
and scattered in the desert. Diodorus (I1.48.2, XIX.94.6-9) refers to the high level
of development of rainwater capturing devices and cisterns by the Nabateans, and
their use of hidden cisterns in the desert in case of emergency. An extensive analysis
of the water supply systems of Nabatean Bosra and Petra can be found in the works
Mouton and Al-Dbiyat (2009) and Ortloff (2014). Nabatean cisterns were usually
rectangular and plastered inside with grey waterproof cement. These cisterns were
covered with slabs supported by pillars or separate arches, set into notches in the
cistern walls (Fig. 5). Rainwater capture was cither directly from wadis or, for
the smaller cisterns in the mountains, by means of artificial ledges and gullies
channelling rainwater from rock surface into the cisterns. Numerous examples of
such cisterns can be found in Petra and Humaima, Jordan (Fig. 5). See also www.
ancientwatertechnologies.com for examples of many Nabataean cisterns.

The Herodian fortresses in the Judean desert give examples of rainwater capture
during the Hasmonean dynasty. These fortresses contain huge cisterns that were
usually fed by aqueducts from wadis in the neighborhood, but also filled with
rainwater during rare seasonal rainstorms. They are a highly specialized form of
rainwater capture. Examples of such fortesses are the fortresses of Masada in Israel
(Fig. 5, Netzer, 2001) and Machaerus in Jordan (Garbrecht and Peleg, 1994; Tsuk,
2011).

3.5. Roman period (ca. 67 BC - 330 AD)

In Roman times, the cisterns were constructed to provide water to families or
workers (Mays, 2010; Viollet, 2000). They were masonry, built on ground level or
underground, covered or not, with the inner side of the walls covered by a water
repellent coating made of mortar (Haut and Viviers, 2012). Some cisterns were
dedicated to collect rainwater and others were supplied with running water. The
Roman aqueducts usually delivered water into large, often compartmentalised,
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cisterns (or set of cisterns) located as high as possible within the cities, to benefit
as much as possible from the potential energy to distribute water. For instance, a
detailed description of such large cistern complexes can be found in the work of
Wilson (2001), about the distribution of water in several Roman cities in Tunisia.

Numerous remains attest of cisterns that were constructed, in Roman times,
to collect rainwater, mainly to supply single houses. A well-known example of
such a kind of system is the impluvium (Mays ez 4/., 2013). The impluvium is a
square basin, typically a few dozen centimetres deep, in the centre of the atrium
of a Roman house, aiming to collect rainwater from the roof (see Fig. 6). This
basin was connected, for instance with a drain, to an underground cistern under
the atrium. A nearby well allowed the inhabitants of the house to draw water
from this cistern. Cisterns in such systems were usually small, due to the limited
water catchment provided by surrounding roofs and courtyards. These cisterns
were commonly rectangular with a barrel vault, while circular and carafe-shaped
cisterns are also attested (Wilson, 1997).

Apart from such individual systems, that were dedicated to provide water for
a single house, a lot of large-scale Roman hydraulic projects based on the use of
rainwater collected in cisterns are referenced, in regions with low available surface
water (for instance small islands) or at locations difficult to reach with an aqueduct
(for instance hilltop settlements that can not be supplied by an inverted siphon).

Regarding islands, it is clear that rainwater was the only option if the island is
too small to provide groundwater fed springs. Many islands in the Mediterranean
had rainwater fed cisterns constructed during Roman times. Good examples of
Roman cisterns are found on the islands of Karpathos, Greece, and Pandataria
(modern Ventotene), Italy. Several large cisterns on Ventotene were fed by rainwater
and interconnected by small aqueducts that fed a villa and the port area (De Rossi,
1993; De Rossi, 1998).

Obviously, settlements on isolated hills could not be supplied water by an
aqueduct, even using inverted siphons. Therefore, these settlements had to rely
on rainwater or on wells, using water-lifting devices. A striking example of such a
settlement is the Housesteads Roman fort. This fort, on Hadrian’s Wall, is one of
the best-known monuments in northern England. It was built a few years after 122
AD, when the construction of the Hadrian’s Wall started. According to Beaumont
(2008), it appears that a conventional aqueduct could not have supplied the fort
with water. However, it has been evaluated that, harvesting rainfall from the roofs
within the fort, 800 men could have been supplied with water. Six cisterns can be
observed at the fort. Five of them are approximately 1.1 m width, 2.6 m long, and
have a depth of approximately 0.7 m. The sixth cistern is the largest and is located
close to the well-preserved latrines in the southeast corner of the fort (see Fig. 6).
This cistern is 3 m width, 4.6 m long and with a depth of 0.7 m. It was used to
supply water to the latrines.

Two other illustrative examples of a large-scale Roman hydraulic project based
on rainwater harvesting can be given. In Athens, Greece, there is a Roman cistern
at the base of the Acropolis (Mays, 2010). A roof supported by columns covered
this cistern. It is thought that this cistern could have been supplied with rainwater,
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collected either from the slope of the Acropolis or from the roof of adjacent
buildings. This cistern probably delivered water to supply Roman baths. The
town of Tiddis, Algeria, is situated on a steep hillside and was supplied by a large
rainwater cistern on the hillside above the town, built in 251 AD (Wilson, 1997).
Similar large cisterns existed at Bararus, Algeria (Hallier, 1987; Wilson, 1997).

Figure 6. Roman cisterns: Impluvium (water basin) in the centre of the Atrium of a former
house, ancient Roman Pompeii, Campania, Italy (top). The drain connecting the impluvium to
the underground cistern can be observed on the picture. Picture by Norbert Nagel / Wikimedia
Commons. License: CC BY-SA 3.0. Latrines at the Housesteads Roman fort (bottom), flushed
by water channels supplemented by a cistern located at the back of the latrines. Picture in the
public domain.
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Although most Roman cisterns were covered, large rectangular open cisterns,
fed by floodwater from local wadis, are common in Roman times, particularly in
the dry provinces. Such open cisterns are common in Tunisia and Algeria (Wilson,
1997) and in Jordan (Mouton and Al-Dbiyat, 2009).

It is worth noticing that it may be difficult for archacologists to make the
distinction between a cistern dedicated to collect rainwater and a cistern that was
supplied with running water, due to the fact that archaeological hydraulic remains
are seldom complete. For instance, several cisterns build in the southern part of
the city of Apamea (Syria) were initially understood as being dedicated to collect
rainwater (Balty, 1987). However, a recent analysis (Vannesse et al., 2014) has
demonstrated that these cisterns were part of larger hydraulic systems (fountains)
and that they were supplied with water through a connection with the aqueduct
inside the city.

4. The Byzantine period and Venetian rule (330 — 1538 AD)

Byzantine Empire or Eastern Roman Empire, with Constantinople as the capital,
are terms used to describe the Hellenic-speaking Roman Empire during the
Middle Ages. During that period, the technologies applied for water supply of
the cities were manly based on cisterns and wells. The surviving relevant Roman
tradition was transmitted and applied to the water supply system of a large part
of Constantinople. This system not only fed covered cisterns with running water,
through aqueducts, but also open-air cisterns such as the Xerokipion (dry garden)
and the Aetius cistern (Bogdanovic, 2008; Cinic, 2003). The total capacity of the
underground cisterns in Constantinople was estimated equal to 200,000 m® and
the total capacity of the open-air cisterns equal to 800,000 m? (Mays ez al., 2012).
Cisterns used for harvesting of rainwater were a dominant hydro-technology in
several Byzantine cities and other settlements. Such a cistern is shown in Fig. 7.
During the millennial existence of the Byzantine Empire, its influence spread
widely into North Africa and the Near East. In fact, several Byzantine cisterns
have been found in various parts of Hellas (e.g. in Mistra, Leontari Arkadias,

Figure 7. Middle Ages cisterns: Byzantine water cistern (of rectangular cross—section) in the Areti
Monastery in eastern Crete (left) and Venetian cistern at the island of Grambousa in western Crete
(right).
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Monemvasia, Crete, several Aegian islands, Cyprus, and Athens) and even in small
remote islands such as Amorgos. At the end of the Byzantine period (after ca. 1200
AD) several regions of the southern Europe (e.g. Crete, Cyprus, Peloponnesus,
and the most of Aegean and Ionian islands) passed under the Venetian rule. Some
of those regions were under Italian occupation until the 18th century. During
that period, the rainwater harvesting technology was highly improved. A Venetian
cistern in the small island of Grambousa (western crete) is shown in Fig. 7. This
traditional hydro-technology is still in use in several Aegean islands, in eastern
Crete, and elsewhere.

5. Pre-Columbian Americas

5.1. Xochicalco (ca. 650 — 900 AD)

After the disintegration of Teotihuacan’s empire in the 7th century AD, foreigners
from the Gulf Coast lowlands and the Yucatan Peninsula appeared in central
Mexico. Cacaxtla and Xochicalco are two regional centres that became important
with the disappearance of Teotihuacan. Xochicalco (“in the place of the house
of flowers”) was located on a hilltop approximately 38 km from modern-day
Cuernavaca, Mexico, and became one of the great Mesoamerican cities in the
late classic period (ca. 650 — 900 AD). There were no rivers or streams or wells
to obtain water, so rainwater harvesting was the source of water. Rainwater was
collected in the large plaza area and conveyed using drainage structures (see Fig.
8) into cisterns. From the cisterns, water was conveyed to other areas of the city
using pipes. The collapse/abandonment of Xochicalco most likely resulted from
drought, warfare, and internal political struggles (Mays et al., 2013)

5.2. Mayan civilization

The ancient Mayan civilization developed around 3000 years ago in Mesoamerica.
The Maya lived in a vast area covering parts of present-day Guatemala, Mexico,
Belize, and the western areas of Honduras and El Salvador. Maya settled in the
last millennium BC and their civilization flourished until around 870 AD. The
environment that the Maya lived in was less fragile than that of the semi-arid lands
where the Ancestral Puebloans and Hohokam lived (Mays ez a/., 2013).

The Mayan civilization faced recurrent droughts before it collapsed due to
climate deterioration. Haug ez /. (2003) have shown that the collapse of the
Mayan civilization occurred during the spatio-temporally extensive dry period
in the region, interspersed by more severe droughts centred at about 810, 860,
and 910 AD. Scarborough and Gallopin (1991) documented that rainwater
collection and storage was a major source of water supply during the dry seasons.
Cisterns were constructed in Tikal (see Fig. 8) to face the seasonal scarcity of
water. Tikal was one of the largest lowland Mayan centres, located some 300 km
north of present-day Guatemala City (Mays ez al., 2013). The city was located in a
rainforest setting with a present-day average annual rainfall of 135 cm. A number
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of artificial cisterns were built in Tikal, which became more and more important
as the population increased.

According to Scarborough (2003), the most central precinct catchment at Tikal
was 62 ha, which could collect more than 900,000 cubic meters of runoff (based
upon 1,500 mm of annual rainfall) due to the impervious cover of the plaza and

the plastered monumental architecture. The six central precinct reservoirs at Tikal
could contain 100,000 — 250,000 cubic meters of water (Scarborough, 2003).

Figure 8. Rainwater harvesting cisterns: Xochicalco times (top) and Mayan times located in
Tikal, Guatemala (bottom). With permission of L.W. Mays.
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Three distinct types of cisterns are reported by Scarborough and Gallopin
(1991): centrally located cisterns, residential cisterns, and margin cisterns. The
terminology is essentially based on location of the cistern and its capacity to store
water. Similar water collection and storage systems have been documented in other
areas of South America (Pandey ez al., 2003).

In the northern part of the Yucatan, the Maya built chultans (bell shaped
cisterns) from a built platform surface. These cisterns are functional similar to
other cisterns such as those built by the Greeks, Romans, and Nabataeans (Mays,
2010; Mays, 2013; Mays et al.,2013).

6. Modern times

6.1. Present times (1899 AD — today)

In several parts of the world, modern water technologies started to be developed
at the end of 19th and the beginning of 20th century. They were based on the
technologies of the past as well as on deep wells, pumps, pipes, etc. It was continued
with an advanced manner after the World War I, and even more after the World
War II, i.e. the middle of the last century (Angelakis and Vavoula, 2012). The
use of water cisterns for water supply was a common practice in several parts of
the developed world. Cisterns to collect rainwater are still the main part of water
supply systems in various arid and semi-arid regions of the world. In these regions,
people face malnutrition and vitamin deficiency; water is so scarce that the most
efficient way to provide it is to harvest rainwater.

6.2. Seoul’s Star City: A rainwater harvesting benchmark for Korea

In recent years, seasonal climate extremes have intensified, resulting in huge
socioeconomic damages. As an adaptation strategy for coping with climate
extremes, an ancient concept of rainwater harvesting is getting revisited. Recently,
researchers have reappraised the decentralized multi-purpose rainwater harvesting
system (Rwhs) as a useful infrastructure to mitigate water-related disasters such as
flooding, sudden water break and fire events, especially in highly developed urban
areas (IWA, 2008).

The Star City Rwhs in South Korea is a successful case that is designed with
an intention of alleviating water-related disasters. Star City a large commercial/
residential complex consisting of a department store and four apartment buildings,
each having between 35 and 57 stories. In total, there are 1310 apartments, meant
to accommodate four to five thousand people. The catcchment area comprises 6,200
m? of four rooftop areas and 45,000 m? of terraces and gardens throughout the
complex. During the design stage, a 3,000 m? rainwater tank was introduced at the
4" floor of Building B, and divided into three tanks, 1000 m?®each (IWA, 2008).

Several innovative concepts have been applied in implementing the rainwater
harvesting system at Star City. The first is the concept of a multi-purpose system;
the system at Star City serves the purpose of flood mitigation, water conservation,
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and emergency preparation. The second is the concept of proactive management
of flooding; the Star City system has a remote control system for monitoring and
controlling the tank water level. The three different tanks also store water separately
according to water quality. The risk of flood can be controlled pro-actively with
the remote control system by emptying or filling the tanks appropriately. The
third innovative concept applied in this project was the city government’s incentive
program for the developer, so that government will allow more floor space to build
to compensate the extra cost for rainwater harvesting system.

During the 7 years operation, some technical data are reported (Han and Mun,
2011; Mun and Han, 2012). This successful demo project convinced the city
officials and lawmakers, and triggered to make a city ordinance and propose a
national law for rainwater management.

7. Conclusions

From the early civilizations, people in arid and semi-arid regions have relied on
collecting rainwater and storing it in reservoirs known as cisterns. Cisterns have
been constructed in the entire region around the Mediterranean and the Near East
since the third millennium BC. Not only were cisterns used to store rainwater; they
were also used to store aqueduct water for seasonal variations. Cisterns during the
ancient times have ranged from construction of irregular shaped holes (tanks) dug
out of sand and loose rocks, and then lined with plaster (stucco) water proofing, to
the construction of rather sophisticated structures such as those built first by the
Minoan and the Indus valley civilizations (Mays, 2007).

A brief historical development of rainwater harvesting since the prehistoric
times to the present times has been presented. These unique structures have allowed
humans to live in arid and semi-arid regions for over 5,000 years. These hydraulic
structures are certainly evidence of the social, political, and economic conditions,
and most likely the military conditions, of the various periods of human history.

Rainwater harvesting continues to be practiced globally, and there is renewed
interest in its revival, the system nonetheless has fallen to disrepair. Climate policy
and water policy would require to be streamlined to promote that technology in
the water-stressed regions of the world. Pandey ez a/. (2003) reported that neither
the water policy nor the climate policy discussions appears to notice the worth
of the rainwater harvesting, especially in urban areas where water resources are
fast depleting due to rapid increase in population and unrestricted use of water.
Historical studies on rainwater harvesting, collection, and storage technologies
provide insights into possible responses of modern societies to the future sustainable
management of water resources.
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Ancient Water Wisdom

Traditional water systems in India’

Vasudha Pangare and Ganesh Pangare

1. Introduction

India’s rich diversity is not only reflected in its traditional water harvesting but
also in its water management systems. Blessed with nearly all types of agro-climatic
zones, from the cold desert to the hot desert and from mountains rising up to 8000
m to a coastline measuring more than 7000 km, India also has the highest rainfall
in the world and the largest riverine island. In a way India is a microcosm of the
world in terms of the diversity of natural resources and ecosystems. Traditional
water harvesting and management systems in India were developed in order to
function within these ecosystems and climatic conditions. Ancient Indians learned
to harness water resources in ways that could meet their various needs and to also
ensure that the harvesting of rainwater replenished the resources. This lengthy
history of traditional water harvesting techniques and management systems can
provide valuable lessons even today.

The present paper presents an overview of the traditional water management
systems in India for drinking water, domestic use and irrigation. Moreover,
examples of these systems demonstrate their significance and relevance to present
times.

2. Traditional systems for drinking water and domestic use

Traditional water systems were based on the principles of conservation. In
indigenous methods water made available from mountain streams, springs, shallow
aquifers as well as harvested rainwater in tanks and ponds was used for drinking
and domestic purposes. Traditional sources of water were often designated for
drinking, bathing and washing, depending on the quality of the water. Water

Table 1 (next page). Traditional Water Harvesting Systems For Drinking Water and Domestic
Use. Source: Pangare Ganesh, Pangare Vasudha, Das Binayak. 2006. “Springs of Life: India’s
Water Resources”. New Delhi: Academic Foundation, World Water Institute and BIRDS.

1 The present paper is based on: Pangare Ganesh, Pangare Vasudha, Das Binayak. 2006. “Springs of
Life: India’s Water Resources”. New Delhi: Academic Foundation, World Water Institute and BIRDS.
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Figure 1. Traditonal systems of water harvesting still supply water in many
parts of the country, Adalaj Ka Vav - Step well, Gujarat. Photograph: Ganesh
Pangare.

Figure 2. Traditional Water Lifting Device, Orissa. Photograph: Ganesh
Pangare.

is regarded as sacred with regard to religious objectives. Water sources were also
designated for animals. Table 1 presents an overview of the traditional systems for
harvesting water for drinking and domestic use encountered in the three main
zones: the mountain region, the arid and semi-arid region and the Indo-Gangetic
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plains. Two case studies, or examples of traditional water systems, are discussed
below: the ganat system of Burhanpur (Madhya Pradesh) and the Uperkot Fort in
Junagad (Gujarat).

2.1 Mumtaz Mahal’s legacy: the Qanat of Burhanpur, Madhya
Pradesh

Burhanpur is a small town on the banks of the Tapi River in Madhya Pradesh near
the Maharashtra-Madhya Pradesh border, in the foothills of the Satpura mountain
range. The town’s historical significance stems from the fact that Mumtaz Mahal,
wife of Emperor Shah Jahan for whom the Taj Mahal was built, first came to
Burhanpur from Persia. The Empress died in Burhanpur and was buried here. It
was only later that her remains were moved to Agra.

During the days of the Mughal Empire, Burhanpur was the bastion from
where the Mughals controlled the southern parts of India. It was important to
have a secure supply of water for the armies stationed there. Fearing that surface
water could be poisoned, it was necessary to find an innovative way to access
subterranean water.

At Burhanpur Mumtaz Mahal commissioned a Persian geologist, Tabkutul Arz
to execute a ganat in order to supply water to the town. The ganar of Burhanpur
was planned and constructed in 1615 AD and is the only one of its kind in India.
Qanats are prevalent in Iran, Iraq, Afghanistan and parts of Central Asia. They
are basically underground tunnels serving to bring groundwater to the surface by
means of gravity along the contours. The ganar of Burhanpur measured more than
10 kilometers in length. The town’s location was geologically perfect for tapping
the subterranean flow that did not vary too much through the seasons.

During the period when it was in use, the ganat would supply ¢.10.000.000
liters of water per day. Today although a large part of the ganar has been destroyed,
certain sections of the system still supply water to a small community consisting of
¢.5000 residents in the vicinity at zero cost.

2.2 Ancient system for today’s needs: Uperkot Fort in Junagadp,
Gujarat

The ancient fortified town of Junagadh is located at the foot of the Girnar Hills in
Gujarat. The Uperkot Fort was built within this town in 319 BC. Junagadh has a
tradition of collecting rainwater in underground structures called rankas. Several
tankas could store sufficient water to last the household for up to 2 years. Junagadh
has an ancient legacy in water management. The former rulers of Junagadh had
built a series of water structures (e.g., step wells, water storage tanks) within the
magnificent fort complex of Uperkot in order to cater to the needs of Junagadh
town.

The Adi Chadi Bav, a step well, is an 8 m deep tank that still collects water
flowing from the Girnar watershed. The fort’s twelve tanks served to store water
supplied to the population through a system of channels and pipes by gravity flow.
Although the fort has been rebuilt and expanded many times by various rulers, and
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Figure 3. Tank from where
water is supplied by gravity
to the town, Uperkot Fort.
Photograph: Ganesh Pangare.

even abandoned for several centuries, through the ages its ancient system of water
harvesting and water supply has survived. The system functioned so well that,
according to legend, the fort at one time withstood a twelve-year siege.

The ancient system can no longer fulfill the needs of the current population.
Nonetheless the system is still used by the local municipality in conjunction with
other sources of water supply. Water is lifted from the nearby Willingdon Dam
in order to augment the water in the tanks. Here is it treated and transported to
a storage cistern through the ancient system of gravity flow, and supplied to the
town every third day.
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3. Traditional irrigation systems

Since traditional irrigation systems were developed to function within the
ecosystem and climatic conditions within which they operated, different types
of systems existed in different agro-climatic zones. Depending on the soil types,
climatic variations and rainfall patterns, various types of irrigation systems and
agricultural practices were followed in various parts of the country. Management
systems and water usage were adapted to the ecology within which they existed,
ensuring that water was not only used but also distributed wisely and efficiently.

In the mountain region, in the Himalayas, the focus was on (a) channeling
seepage, spring water and glacial water directly into the fields or (b) collecting
water from these in storage tanks and then channeling it into the fields. In the arid
and semi-arid regions systems were developed (a) to capture rainwater in ponds,
tanks and embankments, (b) to channel runoff from the catchment into fields
or storage structures and (c) to lift water from wells or streams with mechanical
devices operated by bullocks. In the Indo-Gangetic plains, inundation channels
were applied in order to divert floodwaters to fields. Water was lifted from ponds,
lakes and wells with the help of manual mechanical devices and rainwater was
stored in embankments. In peninsular India, tunnels served to access subterranean
watercourses. Masonry walls were utilised to raise the stream water and channel it
to the fields.

Table 2 presents an overview of the traditional systems found in the three main
regions: the mountain region of the Himalayas, the arid and semi-arid regions and
the Indo-Gangetic plains. Two case studies, or examples of traditional irrigation
systems, are described below: (a) the Apatani rice cultivation system found in the
state of Arunachal Pradesh in the north-eastern region of the country, and (b) the
tank irrigation systems of Sarangpur in the state of Chhattisgarh.

3.1 The Apatani system, Arunchal Pradesh

In the northeast of India, the Apatani tribe, with a population of ¢.25,000, lives on
the Ziro plateau located ¢.1500 m above sea level in the lower Subansiri district of
Arunachal Pradesh. This plateau lies between the Kamala, Khru and Panjor ranges
in the Eastern Himalayas. The Apatani is the only tribe to have always practiced
sedentary agriculture in a region where largely shifting cultivation is practiced.
This in itself renders the system unique.

The Apatani follow a traditional form of rice cultivation, the knowledge of
which is passed down from generation to generation. Women do almost all the
work in the fields including irrigation. The rice fields are irrigated by means of an
intricate system of channels and ducts which carry water from a series of streams
flowing into the Kele River. This system depends upon streams originating from
the mountains which join the river flowing through the plateau. The existence
of these springs and streams closely depends upon the health of the catchment
from which they hail. The catcchment has a good forest cover which until now the
community has preserved.
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Figure 4. Apatani women
farmers working on the
irrigation system. Photograph:
Ganesh Pangare.

Figure 5. A bund and a water
channel, Apatani System.
Photograph: Ganesh Pangare.

Water is distributed through a management system that ensures an equitable
irrigation to fields located in the upstream and downstream areas. Once the upper
fields receive their share of water, the outlet channel is opened allowing the next set
of fields to receive water. This method is followed until the final field is reached.
However, in this process, it takes a while for the water to reach the tail end. During
this time the lower fields have to remain without water. In order to overcome
this problem, a separate channel at the head is created from the main stream
through which water is diverted to fields located at the tail end. The community
takes collective responsibility to maintain the systems. The women contribute the
majority of the labour required for maintaining the channels.

During the 1950s, when the Agriculture Department of the State Government
began to encourage the rice farmers to keep fish in special ponds, farmers thought
it would be better to breed the fish in their rice fields instead. This led to an
innovation in fish-rice farming within the Apatani system which the Apatani now
followed extensively.

The significance of the Apatani system of rice cultivation is: it is a highly evolved
indigenous system of rice cultivation that is highly productive, energy-efficient
and economically and environmentally viable. Research has proved that the system
is highly efficient and helps to preserve the ecosystem in which it is practiced. The
farming system is still organic in nature and has not yet been influenced by modern
farming techniques or the introduction of chemical fertilizers and pesticides. The
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preservation of the biodiversity in the area is closely linked to the practice of the
Apatani rice farming system.

Along with rice, millet and maize are also cultivated. Bamboo and pine are
planted around the fields. The fields are separated by 0.6 m high earthen dams
supported by means of bamboo frames. These dams serve to hold water and soil in
the fields. Millet is grown on these dams in order to strengthen them, as well as on
dry hill slopes. The Apatani cultivate Amo and Mipa: the traditional varieties of
rice. As the fields are located in valleys, the soil remains fertile thanks to the nutrient
wash-out from the hill slopes. Fertility is also maintained due to the manure which
is available from the waste occurring from the pisiculture practised in the rice
fields, and from the manure of domestic animals. Refuge from homesteads is also
used. In fact channels leading to the fields carry refuse along with rainwater from
the habitation to the fields.

The system is however currently under threat from various sources. On
numerous occasions loggers have tried to gain access to the forests which form
the catchment of the irrigation system. In recent times the growing township of
Hapoli located on the Apatani plateau poses a threat to the traditional system of
irrigation. The town’s sewage is being emptied into the river that irrigates the rice
fields. Where in the past only the local village sewage would enter the irrigation
system, now various contaminants do so. Steps need to be taken to address this

problem.

3.2 Tanks of Sarhangarh, Chhattisgarh

Sarhangarh (meaning Bamboo), in Raigarh district of the state of Chhattisgarh
was once an ancient kingdom of the Gond tribe. This kingdom, or region, as we
need to call it today, has a 200-year-old cascade tank system consisting of thirty
tanks. Jaswant Singh, one of the Gond rulers constructed the tanks in order to
fulfill the irrigation and drinking water requirements of his kingdom. Among these
tanks, the most popular are the 150 acres Mura #alab and the Khara bund with a
total catchment area of 4 square km. Rainwater is harvested in these tanks. The
surplus water from these tanks flows to a drain. The surplus water from these tanks
flows to a drain next to the palace moat, from which it flows through the Ghogna
stream, or nullah, and then to the Mahanadi River. Over time, the conditions of
the tanks deteriorated and they are no longer utilised for irrigation or drinking
water purposes. The bunds are broken, silted and the channels clogged. The local
municipal corporation of Sarhangarh town manages these tanks and has leased
them out for fishing. Water needs are largely met by means of lifting groundwater.
Several years ago, a major water crisis occurred in the region, largely due to the
large-scale withdrawal of groundwater. The state government now decided to revive
the tanks allowing them to again serve to fulfill the water needs of Sarhangarh.
The tanks of Sarhangarh are an example of a system of irrigation applied in
many parts of the country for centuries. The Chandela and Bundela tanks which
the Chandela rulers built in the Bundelkhand region of Madhya Pradesh and
Uttar Pradesh during the 11" century still irrigate a large area in Bundelkhand.
In the Tikamgah region, out of 109 irrigation works maintained by the irrigation
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Figure 6. A traditional irrigation tank, Sarhangarh, Chattisgarh. Photograph: Ganesh Pangare.

department, eighty are Chandela tanks. Tanks are still widely used in Tamil Nadu,
in the northern and coastal districts of Andhra Pradesh, in south-central Karnataka,
in north and east Maharashtra, northern Madhya Pradesh, northeastern Uttar
Pradesh, Bihar, Jharkand, Chattisgarh and Rajasthan. There are about 208,000
tanks in India. About 60 % of the area irrigated by means of tanks is concentrated
in Tamil Nadu, Andhra Pradesh and Karnataka. These tanks were made to harvest
rainwater and runoff with technical knowledge and skill. Land use patterns have
changed, population pressures have increased bur still these tanks work when
protected and revived.

4. Conclusions

Traditional systems are time-tested, scientifically proven and adapted to the
ecosystem within which they function. Such systems had significant characteristics:
(a) the physical structure suited the terrain in which it operated, (b) water resources
were used and managed as common property resources, and (c) community based
institutions were set up and practices established ensuring that water was not only
used and distributed fairly but also conserved wisely.

Today, traditional water systems are unable to meet the needs of the growing
population. The prolific utilisation of borewells and the electrification of pumps
have changed the way water is ‘owned’ and used. The basic concept of water as a
common good on which the traditional water management systems functioned has
undergone a change. Water availability within the ecosystem has become variable
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due to changing rainfall patterns and growing demand for water. Community
managed systems have given way to state managed institutions.

In a rural society depending upon agriculture as the source of income, water
is the dividing line between poverty and plenty. Most resource poor regions have
fragile ecosystems, where farmers still depend upon time-honoured irrigation
practices passed down through the generations. Certain practices have been
modified in order to suit the present situation. Some are used in conjunction with
modern irrigation systems.

As two-thirds of the total cropped area in the country is rainfed, and in need of
assured irrigation, efforts to increase water security for agricultural production and
for drinking and domestic use need to take into consideration the conservation
and management aspects of the traditional systems, which are relevant even today.
Policy interventions need to incorporate the learning and wisdom from these
traditional systems.

Although the traditional systems by themselves cannot meet the water needs
of today, the examples cited in the present paper indicate that if the traditional
systems are revived and protected they can still meet part of the demand for water
within the ecosystem within which they function. The ganar of Burhanpur still
provides water to ¢.5000 people. The Sarhangarh tanks were revived so that water
could be harvested in order to meet some of the needs of the town’s population.
Uperkots traditional gravity flow system still supports the water supply utility
of the town of Junagadh. The Apatani system of agriculture existing in a fragile
ecosystem is economically and ecologically viable even today.

Traditional systems may or may not provide for today’s water needs, but they
are a living heritage and need to be preserved because of their natural, historical
and cultural significance.
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The monuments, the ancient hydraulic network and
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Abstract

The Khmer people have managed water since the creation of Cambodia during the
early Common Era (2™ century). Water management is a part of their daily life.
The evidence in the Angkor region indicates that the innovative water technology
they once applied, in many ways, still is cutting edge.

The Angkor region was the capital of the Khmer Empire for more than 500
years. Angkor was recognized as the ‘Hydraulic City’. The reason for this: it is
organized around an immense water management network, which supported
food systems and transport of materials. There was some speculation but between
2004 and 2005 Cambodian hydrologist researchers discovered the strategic multi-
purpose functioning of this water network.

From an engineering perspective, in the absence of a bedrock, the Khmer
temples were constructed on an artificial sand layer requiring high groundwater
levels in order to assure it not only remains wet but also strong enough to support
and thus safeguard the temples/monuments. The moats around the key temples are
visual indicators that the sand foundation is being kept wet. However water also
had cultural and practical purposes.

Siem Reap is a modern touristic city located 5 km downstream of Angkor Park.
This entire region uses groundwater. Due to the increasing number of tourists every
year and the rapidly growing population, the demand for water primarily drawn
from the groundwater has also increased dramatically. Water management for the
Siem Reap-Angkor area is the most critical issue with regard to safeguarding the
monuments and for sustainable development. Therefore the challenge is to satisfy
the needs of water for daily use, while the stability of Angkor temples standing on
the sand layer and linked to the groundwater is ensured.
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The APSARA Authority and Local authorities have immediately adopted
a variety of precautions and solutions concerning effective water management.
Firstly, the water source for the future expansion of the water supply in Siem Reap
is the Western Baray and the Tonlé sap Lake. Secondly, the groundwater is recharge
by the rehabilitation and refilling of the ancient man-made reservoirs.

The Water Management Department of the APSARA Authority has conducted
the necessary theoretical, preparatory and practical work in order to rehabilitate
the ancient Angkorian hydraulic systems permitting the restored cultural
landscape and general environment to recover their essential roles in safeguarding
the monuments. Much has been learned and is still being learnt about just how
advanced the hydraulic engineering was and how it was able to meet multiple
needs.

In terms of disaster mitigation the rehabilitation of Ancient Hydraulic System
proved its capacity of preventing floods across the entire region (the Angkor
temples, airport and Siem Reap city) in 2012 and 2013. Local communities also
benefit from increased water availability during the dry seasons, which enhances
food security and economic opportunities. As the world secks ways to mitigate
climate changes, water management is seen as the priority. Rehabilitation of
this Ancient Hydraulic System places Siem Reap in an enviable position, but
it significant planning and ongoing management are required in order to meet
demands with regard to water.

This long and challenging program has been implemented with the technical
and financial resources of the APSARA Authority. Moreover, it has restored the
most important ancient system with regard to the moats of the temples of Angkor
Wat, Angkor Thom, Preah Khan, to the moat and the reservoir of the site of the
Banteay Srei, the Western Baray, the Northern Baray and the Sras Srang (Royal
Basin) as well as the restoration of 37.87 km of ancient canals and dikes associated
with the water management and flood control as to Angkor Park, the international
airport and Siem Reap city.

Keywords: Angkor, Hydraulic, Khmer, ancient hydraulic network, baray, water
management, world heritage, flood, groundwater

1. Introduction

The site of Angkor covering more than 40,000 ha and containing 112 villages
was inscribed as a World Heritage Site in 1992. After this inscription, Siem Reap
attracted more and more tourism requiring a large quantity of water resources to
ensure this development.

From the existing hydraulic system in Oc-Eo (O Keo) of the 2™ century located
in southern part of Vietnam today and Angkor Borei of the 5" century (Vann
Molyvann, 2008), we can see the evolution of technology in water management
system. It consists of a canal (more than 80 km long) between the harbour city
of O Keo and the inland capital of Angkor Borei (Steak and Sovath, 2001). The
concentrate hydraulic system is found in the Angkor region. The Khmer mastery
of water engineering in ancient times is shown in a range of Angkor’s hydraulic
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structures (e.g., ancient reservoirs (baray), moats, laterite spillways, laterite bridges,
ponds, canals, dikes). During the 1950s and 1960s Bernard-Phillip Groslier (of the
Ecole d’Extréme-Orient — EFEO) recognizes Angkor as a ‘Hydraulic City” because
it is organized around an immense water management network (Groslier 1979).
The system has been remapped by Pottier (Pottier, 1999) and later on in by means
of the Geographical Information System (GIS), but the functioning of this water
network was not yet revealed. Only from 2004-2005 did the Khmer researcher
find out how it functions to then rehabilitate it.

This article will demonstrate the importance of water resources as to safeguarding
the temple and the increasing of the tourism in the region requiring large amounts
of water. At the same time the entire region (temples/monuments, villages, airport
and Siem Reap city) was threatened by floods every year since 2009. How can the
APSARA National Authority establish a compromise between safeguarding the
monuments and the sustainable development of the Siem Reap-Angkor region?

2. Conception of a temple construction

The soil in central plain of Cambodia cannot support heavy loads. In order to
build stone temples such the Angkor Wat, Bayon, Ta Prohm and Preah Khan,
the best technique had to be found. Khmer engineers at the time discovered the
physical properties of sand and water and realized they could combine these two
elements when building: sand, once wet, can support a heavy load. The discovery
of this technique led them to locate the places where this theory could be applied.
Studies indicate that the Angkor region is the best location, as underground
water is close to the ground surface (Acker, 2005). The immediate presence of
underground water was then utilized in order to completely fill the sand layer
under the monument ensuring its stability. To assure the sustainability of the
ground water when supporting the temples, the Khmer ancestors introduce water
into their culture. We demonstrate only two main points (Thousands of Lingas,
moat) without discussing the other ceremonies practiced by local people every day.

The ancient Khmers knew the vital role played by water resources as to
safeguarding the Angkor region and learned how to preserve water. This is why this
vital resource is celebrated within the tradition, culture and spirit of the Khmer
people. Several of these customs are still celebrated today.

2.1 The sacred water of Mount Kulen

Khmer ancestors carved the Siem Reap River of Thousand Lingas into the river
beds of Mount Kulen and Kbal Spean (Fig. 1). Here these rivers source, before they
flow into Siem Reap and the Angkor site plain. At Banteay Srei they come together
to form the Siem Reap River. The water flowing from the “Thousand lingas’ has
become sacred and has served in the major ceremonies (e.g., coronations, cremation
ceremony) of the Khmer Kingdom since the 9" century. During a coronation, the
sacred water of Mount Kulen is used to bless the future King. This tradition is
still practiced as with the coronation of Norodom Sihamonie in October 2004,
utilizing sacred water from Kulen Mountain (http://news.bbc.co.uk/2/hi/asia-
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pacific/3963945.stm). The Khmer population believes in the power of this sacred
water, applying it to cure diseases or during blessings to bring luck (htep://www.
legrandtour.fr/fr/ module/ 99999648/729/extrait-les-lingas). However, the real
goal of the sacred water from Mount Kulen is (a) to underline to the population
the need to protect water resources, the region’s life-blood, and (b) to maintain
the sustainability of this resource, which is essential for the conservation and
development of the Siem Reap region. Therefore, the water source provided
by Mount Kulen will be lost if deforestation continues and the environment is

destroyed.

Figure 1. Sacred water - the Thousand Lingas in Kbal Spean (Kulen mountain chain).
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2.2 The moats

Prior to constructing a temple, the natural soil was removed and replaced with sand
requiring water for resistance. Of course, this sand layer linked to groundwater. In
order to make temples sustainable in case of any variation in underground water,
the moat system was adopted. Thus, each temple in the central plain of Cambodia
is surrounded with moats (fig. 2). They play a pivotal role collecting runoff water
from the temple during the monsoon and recharging the layer of sand underneath
the temple.

Figure 2. The moat of the Angkor Wat temple.
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The Khmer ancestors understood that if the safeguarding of water was conveyed
as a message or ordered (law) by means of applying technical reasoning, this would
not be sustainable. Considering water not only as a form of life-blood but also as
the basis for a system of beliefs, the recommendations may have lasted. Next, in
order to ensure that the sustainable water in the moat supported the temple, the
engineering approach was transformed into an aspect of religion. In the Khmer
tradition moats are regarded as the Ocean and the temple as Mount Meru (the
dwelling of the Gods).

3. Water Management as to the development of the Siem
Reap region

After inscribing the site of Angkor on the World Heritage Site List in 1992, the
Siem Reap/Angkor region has become the largest tourism site in the country and
a powerhouse of tourism development which for Cambodia has become one of
the main pillars of economic growth. The majority of tourism is of a cultural
nature. Nowadays Cambodia’s income from tourism is more than 16% of the
GDPD, implying that visitors to the region will continue to increase every year.

The growing number of tourists every year and the needs of a water supply as
to the daily use of the entire region has caused a remarkable increase concerning
the demand for water. The entire region uses underground water linked to the
stability of the monument as mentioned in the 