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Water-related
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Inadequate water Drought Flooding

water problems and conflicts and sanitation

PBL Netherlands Environmental
Assessment Agency, 2018

People affected*

Earthquakes
and epidemics

Conflict

No data 55 million 106 million 6 million 65 million
People killed * . 4 .
780 000 1100 6 000 56 000 75 000
(deaths from diarrhoea (war deaths)
and cholera)
Economic damage
No data US$5.4 billion USS31.4 billion USS$S30 billion No data
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& CULTURAL

SETS — SOCIO-ENVIRONMENTAL & TECHNICAL SYSTEMS ...

Morocco Medlnas

High de 5|ty, narrow Human be|ngs have

streets haddw§ . i

"Nfatural v:;ntllatlon been hlStorlca"y
AUl able to adapt to

extreme conditions.

Understanding how a local
population have been co-existing
with extreme events and
conditions in the past, managing
and adapting to their environment.

The yard Erp)btlo istori
example of'l'écql" tl infilt,

N

Recover, understand and transfer the
specific socio-ecological-cultural and
technical systems (SETS), the intangible
heritage, basic to improve climate
adaptation
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Knowledge of the
specific socio-
cultural and
technical system of
an area is essential
to understand how a
local population has
coexisted with
extreme events in
the past, managing
their adaptation to
the environment.

B

LEARNING FROM THE PAST

Chia, Colombia - 2010
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Social Fabric: Experience of community with different threats, and its

capacity to confront them, to recover and to adapt (to the presence and to
the effects).

The place: G?:oopr:fe?::'c -
Physical somer ) R
geography and its

characteristics of vm':l?fﬁ.ity

built territory.

Social

Mitigation Vulnerability

Cutter, S.L., Boruff, B.]. & Shirley, W.L. (2003). ‘Social Vulnerability to Environmental Hazards’, Social Science Quarterly,Vol. 84, No. 2: 242-261.
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Web of Science Search

Hydro-Technologies (45)
Water Heritage (172)

Ancient Water (24) Xf I " ‘ | | | ‘ I ‘
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Water Heritage (172) by country

e 17 8
PEOPLES R CHINA GERMANY AUSTRALIA
5 3 A 3
CANADA NEW SOUTH
v/ A

BELGIUM
CZECH

Ancestral Hydro-technologies



0

3 1
PEOPLES R CHINA AUSTRALIA
2
ITALY
1
IRAG
\J
CANADA
2
AUSTRALIA
1
NORWAY
2
ENGLAND

SAUDI
ARABIA

D-1C O10I1€E 4
“* 8 a2 3
GREECE CANADA GEAMANY SALIO! ARABIA
L3 2 1
SOUTH AFRICA NETHERLANDS
: COLONBIA
= 1 1
USA
g 2 2 INDIA
FAN PAKISTAN DENMARK
K 1 1 1
ENGLAND 2 2 INCONESWA Los
ALY TURKEY
1
JAPAN
9 2 2
USA SPAN GERMANY
2mwu:»\ 2 :
PEOPLES R CHINA BUFKINA FASO
2
OENWARK
A a /]




@ unesco MEDITERRANEAN AREA WATER HERITAGE

EGYPTIAN Water ETRUSCAN Civilization — ROMAN Period MEDIEVAL Period
Culture (ca 3150-31 BC) Tuscany, Umbria, Latium - Italy (146 BC-AD 330) (5th — 10th Century)
(Iron Age, ca 800-100 BC)

MINOAN Civilization CLASSICAL AND
Southeastern Greece HELLENISTIC Times
(Bronze age, ca 3200-1100 BC) Greece (ca 480-100 BC)

INDUS VALLEY ZENU SOCIETY PREHISPANIC AMUNAS
Pakistan Colombia Peru
(Bronze age, ca 3200-1100 BC) (ca 600-400 BC) (XI-XIIT Century)
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_u!esco Egyptian Water Culture (ca 3150-31 BC)
HydroteChnOIogies — Water Engineering Hama on Orontes River in Syria

1. Water Lifting Devices for Irrigation

™o

Paddle-driven water-lifting wheels had appeared in
ancient Egypt by the 4th century BC. The Egyptians
inventing the water known as sakia or Noria

Shadouf for lifting water in ancient Egypt (1500 BC)

Archimedes screw, as
described by Vitruvius, and
similar devices

-
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2. Water Management for Irrigation

The artificial irrigation is considered to have been
established by the 1st Dynasty in Egypt. Artificial
flooding and draining were developed by using
sluice gates and water contained by longitudinal and

3. Agriculture

LD dikes. < /
UPPER BASINNRYSTEM
/

Egyptian Water Culture (ca 3150-31 BC)

Siphon Canal  wepee, 111

Nile Berm

Due to their developed basin irrigation, ancient

Egyptians are considered as the first people who
were able to farm large-scale land.

4. Aqueducts — Underground Aqueducts (Qanats)

A ganat taps into groundwater in a manner that
efficiently delivered large quantities of water

to the surface without the need for pumping: The
water drains by gravity, typically from an upland
aquifer.
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5. Urban Water TReatment The Egyptians first discovered the principle and the basis of coagulation (after
ca. 1500 BC). They used a chemical alum to settle suspended particles This
device caused settlement of “pollutants” of the water and purified water was
siphoned and collected for reuse.

Alexandria’s water supply was carried out through _
the Nile river of 12 km apart. The Nile water was |
stored in hundreds of cisterns through channels
(500 cisterns). Sedimentation cisterns were
probably used at that time. .

6. Water Supply & Drainage System

7. Rainwater Harvesting



@D Minoan Civilization — Southeastern Greece (Bronze age, ca 3200-1100 BC)

Urban Hydrotechnologies - Hydraulic operation of water
supply, sewerage, and drainage systems in Minoan palaces,
cities, and other settlements

First evidence of the use of water and wastewater
technologies such as aqueducts, water cisterns,
water harvesting and distribution systems, as well
as sewerage and drainage systems is in the
Minoan Era.

- v,y

These technologies were further developed by the
Greeks over time, peaking during the Etruscan and
Hellenistic periods.

Minoan central sewerage and drainage systems: at palace of Phaistos (left) and at
palace of Knossos (right).



‘ Minoan Civilization — Southeastern Greece (Bronze age, ca 3200-1100 BC)

Network of roads, which were well
drained, and had water and sewage
distribution systems.
y T A T 2NN

Streets with paved roads including
rainwater drains

Advanced water supply and sanitation technologies were
practiced in Minoan Greece and the Indus Valley during
the Bronze Age



URBAN HYDRO-TECHNOLOGIES: Water Supply & Distribution

1. Cisterns, Reservoirs, and Rainwater Harvesting Dry climates are generally more convenient and
healthier as they protect resident populations from
water-related diseases. Technology of storage of surface
runoff rainwater as well as that of transporting water by
aqueducts was advanced.

Cisterns to store both rainwater and spring water

2. Aqueducts

Long-distance systems for transporting water to the
urban areas. Conduits carried water from mountain
springs to cities, using open channels and closed pipes.

3. Dams

Make the cities more adaptive to flood hazards, and to
improve the living standards of the people. Stones/clay mortar

(a) small dams to intercept runoff waters in the seasonal streams
(b) larger dams for collecting and storing water
(c) dams for diverting surface water, mainly from rivers



URBAN HYDRO-TECHNOLOGIES: Water Supply & Distribution

4. Wells. The water supply in 5. Water Distribution and Fountains. Both the Minoan and Indus
the southeastern Minoan Crete Valley civilizations used terracotta pipes for water distribution
was dependent on groundwater. systems in entire cities, placed under the floors at depths up to 3 m




URBAN HYDRO-TECHNOLOGIES: Water Sanitation

Sewerage and dralnage
systems ‘ :

1. Sewerage & Drainage Systems (fully functional today!!)

The sewers and drains were large enough to allow humans to enter for
maintenance and cleaning.

2. Bathrooms

3. Toilets or Lavatories A Communal lavatories constructed and
controlled by the municipalities

4. Disposal and Reuse Sites

Land application of sewage for "\‘
agriculture irrigation SN

5. Water Treatment -
Hydraulic Ceramic Filter

\ Water ceramic filter (units in
e cm) (Spanakis (1981)




. Minoan Civilization — Southeastern Greece (Bronze age, ca 3200-1100 BC)

LESSONS LEARNED

(a) These civilizations understood the importance of sanitation, water supply, and
drainage and sewerage systems for human survival and well-being and made
these an essential part of urban planning to achieve water resource
sustainability;

(b) Water quality and security as one of the critical aspects of the design and
construction of their water supply systems.

(c) A combination and balance of smaller scale measures (such as cisterns for
water harvesting systems) and the large-scale water supply projects (such as
reservoirs for storage of aqueduct flows) were used by many ancient civilizations
thereafter;

(d) Water technologies were characterized by simplicity, ease of operation, and
the requirement of no complex controls, making them more sustainable



. Etruscan Civilization — Tuscany, Umbria, Latium - ltaly (ca 800-100 BC)

Drainage and sewerage
systems developed by the
Etruscans were based both on a
coordinated and comprehensive
planning of the slopes of

drainage channels on the sides '

of streets as well as on a
massive use of drainage
tunnels.

AR Weﬂ  for water s-nppiy
F i }, Campettl Etrusean City of Vejo
8 north of Rome

K

Iron Age (ca 800-100 BC)

Minoans and Etruscans lived in harmony with nature and their
environment and their knowledge can play an important role in
the sustainable water supply, wastewater, and stormwater
management of future cities.
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Classical and Hellenistic Times - Greece (ca 480-100 BC)

Hippocratic Sleeve_ Hippocrates invented Olynthus (northern GreeCe) bOttle-Shaped Cistern with a
and used the first water filte"ng System’ in Small tank fOI‘ pretreatment inCIUding the Cap’[ure Of debriS

the form of a cloth bag about 500 BC. It was and sediment
used for removing the impurities from drinking -
water after it was boiled.

(Left) plan and (Right) cross-section (Klingborg & Finné 2018).

Hippocratic sleeve (Mays 2013).
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In all Asclepieia (medical center) the role of water and its cleanliness were crucial. In the Asclepieion in the
Hellenistic city of Emporiae in the northwestern coastal area of Catalonia (Spain), the major water source was
rainwater, which was stored in cisterns

The stored water in
the cisterns was
treated

by ceramic filters,
before its use

in the Asclepieion.

It is probably the first
use of ceramic filters
for water treatment in
the world.

Cistern and ceramic water filters from the Asclepieion (medical center) in the
Hellenistic city of Emporiae in northwestern Catalonia, Spain
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Romans developed and improved the technology of the Hellenistic period from small to large scale.
Aqueducts were the most common technology of water supply in Roman cities. Water sources included

springs, percolation wells, dams, and weirs on streams.

Inaodion

b

ita

.

Channel

afts
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AMUNAS Peru
Prehispanic Recharge Channels

AMUNAS - Raining harvesting above 4,400 meters through ditches,
taking water to previously identified areas with fractured rocks on
the mountain.

Upon entering the rock, the water slowly moves within it to
emerge, months later, through the springs (springs or puquios),
that are between 1,500 and 1,800 meters below.

1 km Amuna
225.000 m3 /year
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SOWING AND HARVESTING WATER

RED CYTED
SIEMBRA

COSECHA

River with no SHW River with SHW DEL ACUA

Water Flow

Time (months) Time (months)
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g Longitudinal section of a Khettara
a (Loureano 2005).

o 4 A: position of the tunnel, section view;
B: detail of the section view;
C: overhead view;

Located in semi-arid region in the south
and east of the country, the Moroccan
oases are characterized by severe
aridity and scarcity of water resources. |

a: aquifer;

b: impermeable layer;

c: horizontal tunnel,;

d: vertical shafts;

e: surface channels;

f: settlement and/or irrigated area,;

Adaptation to aridity constraints
through the development of knowledge |- f: settl
and heuristic expertise on a traditional J: aquifer level; _

| tem called ‘Khettara’ > ; 5 k: fluctuations in aquifer level;
water supp y Sys e " oo > ) SSSo RS M. ) MO ) MO ) NS () — [: water influx from the slope;
m: variations of the filtering and conveying
segments.)

P~
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Water Wheels and rafts adapted to the
shortage of water resources and the
geographical characteristics (semi-arid
climate)

Many of these devices stopped working
during the twentieth century, presenting
today a state of abandonment and ruin

Instantanea de 1925 de la Noria de Escilache, en el paraje de Levaura o Levadura

* Nornas Balsas

100 0 100 200 metros

| I Regadio tradicional por nonas E— Acequia de Cara

First part of XIX century

Imagen de Alfonso Férez. Archivo de Ricardo Montes. I



HOW CAN WE EXTEND THE
USE OF ANCESTRAL
HYDROTECHNOLOGIES FOR
CLIMATE EMERGENCY?
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Mapping and Assessment of Ecosystems
and their Services

Urban ecosystems
4th Report

Final May 2016

B

unesco

Ecosystem Services

ecosystems \ /

ecosystem services

functions

biodiversity »

ecological
processes

functional
traits

species
richness

biophysical

drivers of change

socio-economic systems

ecosystem use and management
other capital inputs

human well-being

* nutrition, clean air and water
» health, safety, security
* enjoyment, ...

* gconomic value

* health value

* shared (social) value
* other values

biotic
structures

state

k interactions
present and future )

* institutions , businesses

* policies (agriculture, forestry,
fishery, environment, ...)

» stakeholders and users

response




F,,ea, International Agenda for Sustainability

UNESCO Chair on Sustainability

@) TRANSITION

SUSTAINABLE TO URBAN
DEVELOPMENT

G::': ALS RESILIENCE Kl

COPZ‘I CMP11

Sustainable

Development ‘

Climate Change

HABITATIII

QUITO - OCTOBER 2016

Ecosystem Services
Nature Based Solutions (NBS)

Urbanization

Circular Economy




Biomimicry - NATURE INSPIRING

Appropriate Technologles ¢
Nature-Based Solutlons

Ecohydrology Ecotechnologles
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/.
BASED SOLUTIONS °

—— NATURE BASED SOLUTIONS

+ Air pollutant capture + Air pollutant capture

+ Biodiversity and pollinator support « Bicdiversity and pollinator support
« Carbon sequestration « Carbon sequestration

+ Improved soil health + Stormwater management

* Reduced nutrient loading « Temperature regulation

« Temperature regulation

+ Air pollutant capture “ + Air pollutant capture
* Biodiversity and pollinator = Biodiversity and pollinator [
support ‘ support
+ Building energy efficiency + Carbon sequestration
= Carbon sequestration = Stormwater management
+ Stormwater management + Temperature regulation
+ Temperature regulation 23 L
* Air pollutant capture
« Biodiversity and pollinator support

= Bullding energy efficlency
« Carbon sequestration

= Temperature regulation

Living solutions inspired by, continuously supported by and utilizing Nature, designed to
address societal challenges in a resource efficient and adaptive manner, while

providing economic, social and environmental benefits
(EC, 2015)
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~+-flooding control urban

~+-Integrated Urban Water Management
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~+-urban water management problems
~+-urban water metabolism

-e—water sensitive cities
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Restore / regenerate the natural balance of water in urban areas
Increase technical and social resilience

Urban Water Balance

Precipitation

+Vegetation
+ Permeability

Imported
Potable Water

Reduced
Evapo-transpiration

|

Use of rainwater
- use of imported water

Sustainable sanitation
Close cycles

Wastewater 5 Large Volumes WaStewate r reuse
Discharge :f Po<f)fr Quality

Reduced
Infiltration

WSUD Water Balance

Precipitation

Evapo-transpiration

Wastewater
Reuse

Stormwater
Reuse

Stormwater

Treatment

Wastewater .
Discharge
9 Infiltration
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Buffer strips for habitat restoration —
lineal urbaparks

treatment

Infiltration Basins for stormwater and runoff collection



R R wemnews
WEFE Nexus Water - Energy — Food - Ecosystems

BT w
/\ Food

Wator Security

Rosourcos

Global trends

Climate Change

Population Growth EC°SYStem
Consumption Patterns
Economic Growth
Water

Power plants cooling process ->,
| <- Water treatment and distribution

WATER o ENERGY Security

‘ ECOSYSTEMS ’ /
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Zenu SOClety 400_600 Vel gl e g&elona, La Mojana - Sucre (Colombia)
e » Complex hydraulic system
(over 500.000 Ha) '

Flooding Control
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e Ancestral Hydrotechnologies: Hydraulic Zenu System

Seeds and crops are protected

from being washed away Large expanses of land under water for
Rassed earth several months, no crops left.
platform
Fish and
aquatic
plants

Rainy Season

' 0

Turning excess water to Problems in both seasons, flooding in
advantage (400 bC) winter, drought in dry season (Today)

Water and sediments are a source
of irrigation and nutrients.

Floodwater drains nutrients, leaving a
sandy soil in which is hard to grow crops

Dry Season Sandy soil

l

Nutrients




HOW TO APPLY?

Action for Transformation
“Action Oriented”
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What we can learn from the ancients, since the prehistoric times, using
traditional knowledge, could be a significant factor in solving our water needs,
especially for developing parts of the world.

Several ancestral hydro-technologies should be considered not as historical
artifacts, but as potential models for sustainable water technologies for the
present and the future.

There is a vast need for sustainable and cost-effective water supply and
sanitation facilities.

Applicability of selected ancient water supply management systems

(e.g., storage of rainfall runoff facilities) for the contemporary
developing world should be seriously considered.
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Intergovernmental
Hydrological Programme
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PRIORITY AREA 1:
SCIENTIFIC RESEARCH AND INNOVATION|

1.10 Conducting and sharing of research on
integrating citizen science in the hydrological
discipline by the scientific community and
other stakeholders supported, to improve
understanding of the water cycle enabling
science based decision making.

IHP-IX will create the enabling environment and assist
- citizens and scientists, through enhanced water
knowledge and education programmes to ensure

scientific methods are used when participating in and

: : reporting their findings to increase the contribution of
ra eg I C a n citizen science to hydrology research. Training, in

particular, will contribute to enhancing accuracy and
validity of data.

Additionally, scientific tools should be developed to
encourage citizen participation and other social

it . applications that can improve water management,

S et e AR : such as integrating modern science with ancestral,
indigenous and local knowledge.
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#Action for Transformation
CULTIVATING NEW COMMUNITIES

Articulation participative transformation projects To COMMUNITY EMPOWERMENT
From Local Capacity Building

COMMUNITY
LOCAL
NETWORKS

PARTICIPATIVE

INTERVENTIONS oILOT
Community-based CO-DESIGN

Collaborative _ PROJECTS
Multinetworks (Univ. Innovative Acupuncture Int.
PubAdmin, Communities) Technol. Water Sowers

}

Sustainable development of settlements with integrated systems of multifunctional eco-
infraestructures and cultivation of participatory networks and social, economic, cultural
and environmental networks.




International
Conference

Ancestral Hydrotechnologies as a
Response to Climate, Health and Food
Emergencies in the Mediterranean

“Use of Cultural Heritage to Rescue the Future”

16-17 February 2023

Objectives

* Value the potential of ancestral hydrotechnologies

* Share examples and good practices and cases of ancestral
hydrotechnologies

*  Organize interdisciplinary dialogues

» Create awareness, promotion and information on the potential of

ancestral technologies

* Identify elements to develop specific educational and capacity building

programmes
* Develop project proposals for the rehabilitation of ancestral
hydrotechnologies

1st Announcement and call for papers and case studies

Eumefrane2022)

Deadline for submitting cases and early registration
(November 30, 2022)

Final selection of papers
(December 05, 2022)

2nd Call and final program launch
(December 20, 2022)

Conference
(February 16 - 17, 2023)

Modality: Face to face/streaming

Convened by:

.
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First Face-to-face Meeting — T
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As a side event, the First Face-to-Face Meeting of the IRTA® =
SureNexus project will be held. &
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Meeting place

Barcelona and Terrassa, Spain
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Jose Luis Martin Bordes
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Brent Villanueva

Rosario Pastor

Luis David Diaz

Guillermo Penagos
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