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Water scarcity is on the rise

Water resources, people and economic
activities are unevenly distributed around
the world, which makes freshwater scarce
in many areas. Water scarcity in most arid
and semi-arid areas is intensifying with
time, due, in large measure, to population
growth and economic activity. Many
parts of the world face water scarcity due
to the lack of adequate water resources,
human and institutional capacities to
adequately govern and manage water
and/or the economic means to develop
water resources. The Global Risks 2013
report of the World Economic Forum
identifies the water supply crisis as one of
the two most likely high-impact risks of
current times.

Water security means
minimizing water related
risks

Water security con be defined os the
capacity of a population to sofeguard
access to adequate quantities of water of
acceptable quality for sustaining human
and ecosystem health, and socio-economic
development and to ensure efficient
protection of life and property against
water related hazards (floods, landslides,
land subsidence) and droughts. Hence,
water security is the assurance of
uninterrupted water supply in sufficient
quantity and adequate quality to meet the
water needs of domestic water
consumption, food production and water-
dependent economic activities that are
essential for the welfare of a community,
and in conformance with the principles of
sustainable  development. Globally
increasing demand and competition for
limited ~ water  resources, including
groundwater, hos drawn increasing
attention to water security. Climate change
has also accentuated the need for
managing  hozards  associated  with
extreme hydrologic events, such os floods
and droughts, but also to increase the
reliability of the supply for all uses,
including the environment.

Water security hinges upon balancing
water supply and demand, both of which
change over time, and avoiding the
unsustainable over-abstraction of water.
The supply of water can decrease due to
the depletion of non-renewable water
resources or degradation of water quality,
climate change, or various other
anthropogenic activities such as land use

Global Water Security Declaration

changes that affect the hydrologic cycle,
such as land use changes. Water supply
can increase through the development of
new water resources. Water demand can
increase as a result of population and
economic growth. It can be managed
through conservation, increased water use
efficiency, economic measures, and
agricultural and trade policies and
practices. Achieving the optimal
equilibrium between water supply and
water demand, without compromising
future water security, is the central goal of
water management. Achieving this goal
requires adequate human and institutional
capacities, as well as cooperation between
stakeholders at the local, regional and
international levels.

Demand management is
essential for water security

The Integrated  Water  Resources
Management (IWRM) approach has now
been accepted internationally as the way
forward for efficient, equitable and
sustainable development and
management of the world’s limited water
resources and for coping with conflicting
demands. In general, water supply
augmentation is challenging and often not
an option. Many countries and regions,
other than sub-Saharan Africa, facing
water scarcity have already fully developed
their water resources beyond sustainable
levels, resulting in rivers running out of
water by the time they reach the sea, lakes
shrinking in size and groundwater wells
running dry. Non-conventional ways to
augment the water supply include
recycling, desalination and, at a small
scole, water harvesting.  Theoretically,
desalination offers the potential of
unlimited water supply to areas near the
ocean, or other saline water bodies, but its
feasibility depends on the availability and
cost of energy which remains high, despite
technological advances in membrane
technologies based on reverse osmosis. In
many areas, demand management offers
the only viable solution for sustainable
development. Demand management
aims at influencing attitudes and
consumption  patterns towards more
efficient and cost effective water use. It is
often practiced through a cambmauan al

meosures include  conservation and
increasing water use efficiency and water
reuse. Adopting such measures is critical
for the viability and community
acceptability of new projects built in parts
of the world where water is scarce.

In parallel with demand the

We, the undersigned
associations, therefore call
for joint action to improve
global water security

Policy. There is an urgent need to

sustainable use of existing and future
water  supply infrastructure,  where
reservoirs and dams play an important
role, is essential for water security,
especially in developing countries, and to
face global challenges associated with
increasing demand due to population
growth and climate change. Governance,
e and i i

increase ion on water by working
together and  with other  global
organizations, such as UNESCO, FAO, the
Global Water Partnership and the World
Water Council, to inform policy makers
about current and emerging threats, and
promote solutions and strategies to ensure
water security.

management are key issues for securing
adequate water supply in the future.

In developing countries, the need to speed
up the development of water storage and
sustainable water related infrastructures is
of utmost importance, to address the
critical need for water supply, energy, food
production and sanitation, but it must be
pursued in according with the principles of
sustainable  development. In  many
countries of the sub-Saharan Africa, the
real use of renewable water is less than
10% of the known potential due to a lack
of investment for water storage and water
supply infrastructure, which is worsened by
the rural choracteristic of these regions.

In 2050 the world population will reach
nine billion, with a corresponding increase
in the demand for water, food and energy
which will double impacting on the need to
speed up and augment water storage
infrastructure development worlwide.

Several factors threaten
water security

Several factors threaten water security or
make its future status uncertain. Such
factors include:

W Population and economic
growth, including urbanization
and land use change;

8 Lack of water resources

Promote formal education on
water issues at all levels and raise
capacities among key stakeholders and the
general public. Academic and association
members will be encouraged to contribute
to the strengthening of educational
systems, including curricula and teaching
materials that would serve this goal. The
concepts of virtual water and the water
footprint can be used to help the public
better understand the impact of everyday
choices on global water security.

Research.  Promote thematic research
(including the development of modeling
techniques) in areas including climate /
lond / surface water / groundwater
interactions, monitoring systems and
methods for water management, increased
water use efficiency in  domestic
appliances, industrial equipment and
processes, and agriculture; water recycling
ond reclamation and management of the
byproducts  formed  during the
management of the water cycle.

Practice. Engineers and  other
professionals can contribute to greater
water security through the design of
sustainable hydro-environmental systems,
including enhancing water use efficiency in
agriculture and industries, such as power
generation, mining, and oil and gos
production and processing.

We endorse the above
principles and it to

and app
water supply infrastructure in
some developing countries;

L water use, often

economic, technical and
measures, with educational and sociol
interventions also playing a role.
Economic measures include valuing and
pricing mechanisms and other incentives
for reducing water use. Technical

driven by poorly thought-
through development goals;

8 inefficient and wosteful water
use;

®  Climate change.
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1. Introduction

e The Standing Committee on Water (SCoW) of the World Council of Civil Engineers (WCCE) covers
water engineering initiatives and its relations with United Nations’ bodies and agencies, primarily
with UN-Water and UNESCO. WCCE is an UN-WATER partner

* The Working Group on Water (WGoW) of the World Federation of Engineering Organizations
(WFEQ), shows with its Reports the contribution of engineering to the accomplishment of United
Nations’ Sustainable Development Goals (SDG 6 specially). SCoW Chair is the Executive Director of
the WGoW

 WFEQO’s WGoW was created by its Executive Council at the meeting held in October 2018 in London
on the occasion of the Global Engineering Congress.

e Such Working Group on Water has committed to deliver three monographs during its 2019-2021
three-year mandate regarding the following topics: Best practices on Drought and flood
management: Engineer’s contribution, 2019; Achieving SDG 6 on Water: Engineer’s contribution,
2020 and Adaptation to climate change - Water: Engineer’s contribution, 2021.
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2 Objectives

* Main goal: to describe the best practices for the risk management of droughts and floods,
highlighting the engineer’s contribution to such practices taking into account:
* economic impacts caused by extreme hydrological events
* Climate change
* Evolution from crisis-based approach to risk management or adaptive management approach

e BOE BOLETIN OFICIAL DEL ESTADO 545
Ndam. 19 Viernes 22 de enero de 2016 Sec. lll. Pag. 6086

GUIA TECNICA PARA LA ELABORACION DE LOS
PLANES DE EMERGENCIA DE PRESAS

Ill. OTRAS DISPOSICIONES
MINISTERIO DE LA PRESIDENCIA

604 Real Decreto 18/2016, de 15 de enero, por el que se aprueban los Planes de
gestién del riesgo de inundacién de las demarcaciones hidrograficas del
Guadalquivir, Segura, Jucar y de la parte espafiola de las demarcaciones
hidrogréficas del Mifio-Sil, Duero, Tajo, Guadiana, Ebro, Ceuta y Melilla.

2001: Crisis-based approach 2016: Risk management approach 5



3. General framework (1/2)

Number of Climate-related Disasters Around the World (1980-2011)

 Number of people living at risk-
flooding areas will increase from 1.2

3455 .,
to 1.6 billion people by 2050 (OECD)

FLOODS

2639 .
STORMS
* The greatest number of weather-

related disasters is due to flooding, 100

followed closely by storms (UNDRR)
9395
EXTREME TEMPS
@ UNISDR W




3. General framework (2/2)

The total elimination of the risk of flooding is not possible, no matter how many
population protection measures are implemented.

Therefore, it is necessary to promote awareness of self-protection in citizens.

Unlike floods, droughts are an extreme hydrological phenomenon of low water
availability, which take place slowly and imperceptibly and that sometimes when
detected, is too late and can cause very high social, economic and environmental
impacts.

Extreme hydrological events - droughts and floods - have become current global topics
regarding water issues, as reflected in the United Nations’ 2030 Agenda (UN). (SDG 6 &
SDG 11)



4. Floods and droughts in the World

* The economic impacts caused by extreme hydrological events - floods and droughts -
have been increasing around the world causing high social, economic and

environmental impacts.

Intangible
damages

Tangible damages

Victimis
Direct damages Tl Historical
damages heritage and
landscape

Total damages

Figure 2. Evolution of water Surface in the Lake Chad 2

Figure 3. Type of damages due to floods



5. Effects of climate change

“Climate change is part of other global
changes of greater scope, which
causes negative effects on the
availability of resources and the
frequency of presentation of extreme
hydrological events, such as droughts

and floods”

(Intergovernmental Panel on Climate
Change, 2014).

Annual mean water cycle change (RCP4.5: 2016-2035)
_ A Eallon
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6. Evolution of water policies to manage extreme hydrological events (1/2)

1. Traditional approaches: reactive. Measures and actions that are only triggered after
the extreme event has occurred.

2. Approaches based on risk reduction:

Prospective Corrective Compensation
Disaster risk | Avoid the risk Reduce/mitigate risk Enhance resilience to dis-
manage- aster (economic and so-
ment cial)
Climate Climate  change | Climate change adapta- | Enhance resilience to ex-
change mitigation tion treme events associated

to cdimate change.

Sustainable | Contribute to fu- | Enhance the sustainabil- | Enhance resilience to all
Develop- ture  sustainable | ity of the current devel- | common risks.

ment development opment framewaork

Table 1. Relationships between disaster risk management, climate change and sustainable development. Source:

UNDDR, 2019

11



6. Evolution of water policies to manage extreme hydrological events (2/2)

3. Governance in the management of
extreme hydrological events:
stakeholders, mechanisms, regulatory
and legal frameworks

* Coordination between different levels of
government

* Administrative, hydrological and political
boundaries

* Stakeholder engagement
* Public and private insurance systems

OECD Principles of water governance. Source: OECD {2015) and www oecd org/governance/oecd-principles-on-

water-governance htm

12



7. Knowledge, technology and innovation

B w N e

Parto - Vila Nova de Gaia

Hazard and flood risk maps.

Hydrological and hydraulic models.

Advances in warning systems

49 AQUATOOL

Actions: technology and innovation

..............

112
h

112 Comunidad Madrid & @112cmadrid - 22h v
Este #simulacro sirve para preparar la respuesta de los servicios de
emergencia y seguridad ante el riesgo (poco probable) de una rotura en una
presa de la @ComunidadMadrid.

#PlanPresasCM

#ASEM112

Planes de Emergencia de Presas
Comunidad de Madrid

03s/040 Jx 13

’ 840 reproducciones



8. Cases and experiences - Box in the Report

Box 1.- Lake Chad Crisis

Box 2.- European SUFRI Project

Box 3.- Managing Droughts in Portugal

Box 4.- Principles of EU Flood Directive

Box 5.- State of art on Flood Damage Assessment
Box 6.- Flood Mapping Project for key areas China

Box 7.- Drought Risk Management through
AQUATOOL DSS

Box 8.- Cooperation in Drought Planning and
Management in Iberian Peninsula

Box 9.- Drought Management Plans in Spain

Box 10.- La Paz (Bolivia) Drought Management Plan

Box 11.- Flood Risk Management and Ecosystem
Restoration in Arlington, Texas, USA

Box 12.- Flood Risk Protection through Reservoirs
Management — Ebro River Basin, Spain

Box 13.- Nature Based Solutions to prevent Urban
Flooding (USDS)

Box 14.- International experiences in the protection of
buildings and constructions

Box 15.- Flood Warning Systems in Spain
Box 16.- China’s Flood Forecast and Warning System
Box 17.- USA National Flood Insurance Program

Box 18.- Measures in Cyprus during 1996-2000 Drought
Period

Box 19.- Reuse of Urban Water for Wetland
Conservation in Dry Periods, Apuria, ltaly.



The most ignored crisis in the world: Lake Chad has lost more than 90% of
its original surface in four decades.

Such has been called the great environmental and humanitarian crisis caused by
the effective disappearance of Lake Chad, which in the 1960s - with 25,000 km? of
surface -, ranked sixth largest lake in the world. Only two decades later, in the 80s,
lake Chad’s surface reduced to just 2,500 km?, that is, 10% of its original
dimension. By 2013, the lake recovered slightly, because of an exceptional
increase in rainfall, which returned its surface to 5,000 km?, only 20% of its former
surface, currently reduced to an immense set of loosely connected ponds,
surrounded by a great desert.

The current situation affects around 40 million people, who depended on the lake
to obtain drinking water, fish and cultivate the nearby lands, and who now migrate
massively southwards to Guinea’s savannah, search for better life conditions.
United Nations estimates that almost 11 million people need humanitarian
assistance because of this situation. The cause lies in a situation of prolonged
drought, because of the general decrease in rainfall. Concurrent to this cause,
other factors such as the guerrilla war affecting these 4 countries (Niger, Nigeria,
Chad and Cameroon) and an unsustainable increase in water withdrawals for
different uses contribute to worsen such crisis.

Figure 1. Evolution of water Surface in the Lake Chad *

1 http://documents.worldbank.org/curated/en/489801468186879029/pdf/102851-v2-WP-P149275-Box3948478B-

PUBLIC-v2-main-report-Lake-Chad-Development-and-Action-Plan-English.pdf

Reuse of urban water for wetland conservation in dry periods. The case of

the Torre Guareto Reserve in Apulia, Italy.

Apulia and the coastal areas of Basilicata, in southern Italy, are exposed to frequent
problems of water supply due to a historical problem of scarcity not well resolved.
In recent decades, efforts have made to improve infrastructure and to build large
dams to enhance water resource management, also increasing the extraction of
groundwater, which has led to a critical situation its aquifer status. It has also
endangered the survival of the Torre Guaceto Reserve, a wetland of international
interest included in the Ramsar Convention, Special Protection Area (Directive
79/409 / EEC), marine reserve and Site of Community Importance LIC (Directive
92/ 43/ EEC).

The overexploitation of the aquifer constitutes the fundamental risk for the survival
of the "Torre Guaceto Reserve". The very high concentration of salt in groundwater
has led to the reduction and even the extinction of some very particular and rare
macroinvertebrate species. This situation has become critical during drought
periods. On such grounds, it was necessary to apply measures to prevent the
deterioration of its current state during those episodes. The Wastewater Treatment
Plant (WWTP) of Carovigno represented a potential source of unconventional
water available in the agricultural area to replace groundwater during periods of
drought.




International cooperation: Albufeira Agreement

5 SHARED RIVER BASINS
10 SPANISH INLAND WATER RESOURCES PLANNING

REGIONS
5 river basins /countr
\ y « 10 PORTUGUESE INLAND WATER RESOURCES PLANNING
[79000] Portugal — 64% REGIONS
Spain - 42% « 2 SPANISH ISLAND WATER RESOURCES PLANNING
“““““““ REGIONS
« 2 PORTUGUESE ISLAND WATER RESOURCES PLANNING
_ REGIONS
e — °'_ P RIVER RIVER Total Portugal Spain
o A< s ‘ BASIN BASIN Area
SN porigeuro \ . » 5
F n W Gliadiaha ) T (km2) | Area (km?) | % | Area (km?) | %
[so800] 22 MINHO 17.080 850 5 16230 | 95
MINH@{ 13,100 hm3
LIMA 2.480 1.180 48 1.300 52
QMAJ 5,100 hm3
DOURO 97.600 18.600 19 79.000 81
DOURO 26,700 hm3
TEJO 80.600 24.800 31 55.800 69
TEJO 22,200 hm3
GUADIANA | 66.800 11.500 17 55.300 83
GUADIANA 8,600 hm3
TOTAL _ 76.300 hm3 TOTAL 264560 |  56.930 22 | 207630 | 78




Albufeira Convention 1998

The compliance with the flow regime agreed under the
Convention is being ensured, and in the case of potential
drought situations, Portugal and Spain implement the
measures that are considered necessary to minimize their

effects.

SUPPORT

PORTUGUESE DELEGATION CADC SPAHISH DELEGATION CADC

OF MNE

]

Embanador Santa Clara Gomes - Presidente (MNE)
Dr. Odando Borges - Vice Presidents (INAG)

. Jame Palop Piqueras - Presidente (M5

0. José Luts Rodriguez de Colmenares -
Vicepresidente $125)
D. Dandel Manterola Azenat PARP)
D. Angel Barbero Martin (MAPA)
D. Antonio Neeto Lioket ()
D Wictor Wakeerde Ml (MITyC)
D. Teodoro Sstrela Monwreal (MUA)
D. Femando Octavio de Toledo y Ubietn ides)
D* Monzenrat Abaid Caztelo PMAEC)

Eng® Pedro Sema MAOTDR)
Eng* Morats Samento (DGGE)
Ergs® Matas Ramos (LNEC)

Prof. Mieio Ruivo (MROTDR]
Eng® S50 Skndu de Carvalho (DGADR)
Dr. Muno Lacasts (GRJ]

Arg® Dines da Gama (MNE)

—

SUPPORT
OF MMA

WG ON FLOW DISCHARGE REGIME, DROUGHTS
AND EMERGENCY SITUATIONS

PORTUGUESE
TECHMICAL

Coordenador. Eryg ® Pedro Sema (MAOTDR) Coordinador. D. Teodoro Estrefs Monreal (DGS)

SPAMISH
TECHMCAL

SECRETARIAT | |

WG ON INFORMATION EXCHANGE AND PUBLIC PARTICIPATION

SECRETARAT

Coordinationc

Coordenador: Eng © Rui Rodngues (INAG) Coordinador: D. Fernando OcSaio de Toledo (DGA)

Eng® Adérito Mendes

Coordinationc
D. Femando Octavio de

(INAG)

WG ON IINFRASTRUCTURE SAFETY AND FLOODS

Toledo y Ubieto [DGA)

Coordenadot: Erv® Carios Pina (LNEC) Coordinador D, Jesus Yagle Cordova (DGA)

WG ON WFD AND WATER QUALITY

Coordenadora: Eng® Ana Seica (INAG) Coondinador: D. Teodoro Estrela Monreal (DGAR)

SUBCOMMISSION ON PUBLIC PARTICIPATION

Coordenador: Dr. Orfando Borges (INAG) Coordinador: D. Fermando Octaio de Toledo (DGA)

Principles of the Albufeira
Convention

* Extension of the territorial scope
and reference material of the
agreements in effect.

» Global perspective of cooperation
and respect between the Parties.

» Coordination of water planning and
management by river basin.

* Respect and compatibility with
existing situations and those
derived from agreements in effect.



Drought Management Plans
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DROUGHT INDICATOR SYSTEM

 The National Drought Indicator System is
formed by control points about volume
stored in reservoirs, groundwater levels,
river flows discharges and precipitations.

* A crucial and innovative aspect of DMPs
in Spain is to establish an adequate link
between river basin drought status and
actions to be taken.

0.3-0.1

Type of mitigation measure
Indicator 1-0.5 0.5-0.3
Status - Pre-alert
Objective of Information-
measure | Planning control

Conservation

0.1-0

Restriction




Drought Management Plans

EXPERIENCE ACQUIRED

during 7014-2018 * Drought management plans
have revealed as an essential

drought in SPAIN tool for drought management
In Spain.

1,0
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o o W : * Improvement of water
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" : | of surface water and

oz § A groundwater, water saves on

00 irrigation and improving on
the monitoring networks have
Figure 7. Evolution of drought indicator at the Jucar river basin for the 2001 — 2016 period (elaborated with been key elements to Cope

data taken from the Drought Indicator System of the Jucar River Basin Authority) d rou g hts

oct-01
oct-02
oct-03
oct-04
oct-05
oct-06
oct-07
oct-08
oct-09
oct-10
oct-11
oct-12
oct-13
oct-14
oct-15



Drought Management Plans

TRIGGERS. Permanent Maonitoring
+ Low reservoir levels
() + Low water table in ground water

* Low runoffs
+ Reduced snowpack

INSTITUTIONS
River Basin Authorities
(Ministry of the Environment)

Governing Bodies:
Presidency and Governing

Body

Management Bodies:
Assembly of Users;
Discharge Commission,
Development Boards; and
Works Boards

Planning Bodies: The
Basin's Water Board

@

DECISION PROCEDURE
Discharge Commission: BA's Chair, EA's technical managers;
Ministerial representatives; Users Association

Emergency?

Permanent Committee for Drought Monitoring: BA's chair
Water Commissioner, Technical manager, Users' representative

Works Board
Water Board

3

EMERGENCY WORKS
Approved as general
interest actions

+ Networks connections
«Wells and new
abstraction points

ACTIONS

1. Reserve Management (discharge, reservoir)
2. Onset of Rights Exchanging Centres

3. Revision of Ecological Flows and
Groundwater abstractions

4, Water Allocation

Farmers | Hydropower Ecological flows | Urban

USERS STRATEGIES (at the Users' Association level)

crops, Adjusting acreage
decisions

Farmers: Irrigation of priority

Urban: Diagnostics; Follow Scarcity Planning Manual

Implement Planning Manual measures (1 e, campaigns, alternative
sources, water works, exchange of water-use nghts; other)

Fig. 14. Processes and institutional linkages in the pro-active responses to hydrological drought and

water scarcity in Spain.

MANAGER: River Basin Authority INSTRUMENT: Basin Hydrological Plan
Governing, Demand and supply analysis and projections
Management, and Scenario analysis for drought levels
Planning Bodies Contingency and preparedness plans
\“ .-/r

INDICATORS: Permanent Monitoring

+ Hydrological (precipitation, reservoir level, runoff, w ater
table in ground water, snowpack , etc.)

+ Socio -economic (macroeconomic and demography)

+ Environment (water quality and biodiversity)

ALERT

Monitoring shows the initial stage of
danger

Objective: To ensure acceptance of
measures to be taken in case of
alarm or emergency by raising
awareness of the danger of
drought

Measures:

+ Low cost, indirect, voluntary

+ Non structural directed to
influence water demand and avoid
worse situations

+ Focus oncommunication and
awareness

+ Intensification of monitoring and
evaluation of worse case
scenarios

ALARM

Manitoring s hows that drought is
occurring and will have impacts if
measures are nottaken

Objective: To overcome the drought
situation and to guarantee water
supply while emergency
measures can be putin place

Measures:

+ Lowcost direct, coercive, direct
impact on consumption costs

« Non structural directed to specific

water use groups

Wiater restrictions for uses that do

notaffect drinking water

« Changes in management

+ Revision oftariffs

+ Rights Exchanging Centres

EMERGENCY

Monitoring shows that impacts have
occurredand supply is not
guaranteed if drought persists

Objective: To minimize damage, the
priority is drinking water

Measures:

+ High cost direct restrictive,
approved as general interest
actions

« Structural, new infrastructure,

intra -basin, inter -basin and

fransboundary transfers

Non structural, such as

permission for new groundwater

abstraction points

« Water resfrictions for all users,
including urban demand

Fig. 17. Drought management at the basin level: Indicators and measures for different levels of
drought intensity.




Drought Management Plans

TRIGGERS

« Drought situation between 1992-1995 e« Environmental concems
« Low waler use efficiency in Spain

O]

ORGANIZATIONS

Fundacion Ecologia y Desarrolio
Definition of pilot project in Zaragoza

1®

# TARGET SECTORS IIl
Public buildings
Industries

Parks and gardens
Domestic users

OBJECTIVES
TARGEI' SECTORS | «Improve waler use efficiency TARGET SECTORS Il
= Large-scale domestic users sIncrease public participation Industries
= Children and young people A Parks and gardens
Phase | Phase Il
Objective: Objective:
Save 1000 millions |. of domestic water Increase scope of Phase |.
Strategies: Strategies
“Increase adoption of water-saving C;) =Setting up of 50 Best Practlices (BP)
technology +Auditing for water efficiency
-Infmﬁon:w\stmsgptdessiomls

| O
RESULTS PHASE |
*Save 5.6% of domestic water consumption
*Increase awareness of waler saving measures

RESULTS PHASE I
*Adoption of BP in public buildings, parks and

Phase Il

Objective: To foster the reproduction of existing good practice and the spread
of efficient water use in the following areas: the main water consuming
sectors, public buildings and domestic users

Strategies:

+» Drawing up and distribution of Pocket Guides to Good Practice for
hairdressers, car washes, offices, restaurants, bars and cafeterias,
educational centres, hotels, industry, sports centres, shopping centres and
residencies

« Training courses on the efficient use of water for those responsible for
managing and maintaining public buildings participating in the project

+ Awareness campaigns for the domestic sector

i
RESULTS PHASE llI

* Publication of 10 pocket guides to good practice for sectors consuming
large quantities of water

+ Dissemination to more than 10,000 users

* Training of those responsible for the management and maintenance of
public buildings participating in the project, and implementation of their
newly acquired knowledge

* More than 800 people received information directly on the efficient use of
water, and information was also disseminated to the general public
through the news media to support the campaign

Fig. 18. Summary of the NGO Fundacién Ecologia y Desarrollo (ECODES) program
to save water in the city of Zaragoza, Spain.




1.

9. Experiences and Best Practices (1/5)

Risk management plans: floods and droughts.

Regional Watersheds

MAPA DE SEGUIMIENTO DE LOS INDICADORES
DE ESTADO DE LA SEQUIA

Niro

0 " b

ANITAN4

Drought Indicators Monitoring map in Spain, July 2018..

Johnson Creek River Basin
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9. Experiences and Best Practices (2/5)

2. Structural Protection Measures.

Flood control reservoirs

Diversion channels

Embankments and dykes

Channel modification

Drainage of linear infrastructures

Green infrastructure and natural water retention measures

Hydrological restoration and flood zone measures

© N o U s~ WD PRE

Non-structural or Mmanagement measures: prevention,

alert and response (next slide)
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RESERVOIRS MANAGEMENT FOR FLOOD CONTROL

SA‘H" Connel sl Arngony an Sargisas coe anibabees § vin snbaam o Yons o boln

— s wmpanges e w A sper o lergan v e

"o — et e A e D e v e e e

| mata pwy .
. % .
3 3

Benefits of Federal Projects [Damages Prevented)
Cumulative Corps Expendrtures (Principle plus O&M)

Adjursted to 2000 Lising Constnnction Cost Index EM 7T 10-2-1504

Billicns of Dollars

e

T

[

1 $6.48 n Banofts

T §1.00 Inwastad ',,r

Flood Damag e Reducian

[~ BEMEFITS TO COST

o a Berumulil tee Banefit f

/..-"

_--"'_j : “

| —— ———

Carge wive Cpsdule Baddon v en Begeran Baw s
el el T Sl Bl - R S el e PR TG SOOE

"-l_\_\_\_\_‘-

Flood Damage Reduction

35 10-Year Average = 19.6

|

18T

Billions of Dollars

e 124

T
kY

198 1989 2L Fo gl a4 . k] 204 D o] DT
Fiscal Y ear

[Pt IDasiulelach Pranedonil el in A8 WS AL by il LS. Ay Coofed o Efngifssss.

Since 1936 the Corps
has completed over
400 major lake and
reservoir projects,
emplaced over 8,500
miles of levees and
dikes, and
implemented
hundreds of smaller
local flood damage
reduction projects.

US Army Corps
of Engineers ®



9. Experiences and Best Practices (4/5)

3. Non-structural or management
measures: prevention, alert and
response:

1. Adaptation measures for potentially
affected assets, for damage mitigation

2. Prevention measures: land management
and urban planning

3.  Warning measures: flood warning
systems

4. Response measures: civil protection

5. Response measures: flood insurance

2 ) Unmeg Stales
“ Ervronmental Prosecton
Agency

FLOOD RESILIENCE

A Basic Guide for Water and Wastewater Ulilities

me vsers showld =tart with the Overview

i oser

n
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_STEP1 STEP 2 STEP3 STEP 4

Underitand the B ety uuhesdle \dentify & '3 Develop #lan 10
Theentof Asgets & Determin Tomuste Mt gation imglastent
Fisoding Comeguemce: it g




Spain National Cartographic System of Floodable Areas

Proyecto: Tossa
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9. Experiences and Best Practices (5/5)

4. Measures to deal with drought )
risks. U.S. Drought Monitor oo Ll

Valid 8 a.m. EDT
5
= X } ‘
\5 »

1. Integrated Water Resources
Management

2. Management and control
measures: resource allocation,
water savings and tem-porary
transfer of rights

Drought Impact Types:

~ Delineates dominant impacts

S = Short-Term, typically less than

6 months (e.g. agriculture, grasslands)

L = Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

Intensity:

[] None

[] DO Abnormally Dry

[T] D1 Moderate Drought
I D2 Severe Drought

I D3 Extreme Drought
Il D4 Exceptional Drought

Environmental measures

Richard Heim
NCEI/NOAA

4. Drought warning and monitoring
system

The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary
¢ < for forecast statements.

AN s, - ;
/_So : . | USDA /™ \
=Nty Ior
droughtmonitor.unl.edu

5. Agricultural insurance
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10. Lessons learned

1. Importance of planning: addressing the risks in a planned way. Anticipate, graduate,
coordinate actions, establish actors, measures, monitoring, reviewing.

Engineering participation ensures effectiveness in measures to be studied, proposed and applied,
optimizing risk management.

2. Adaptative management: land use, buildings and facilities, evacuation of people and
property, water use.

Engineering plays a very important role in estimating the occurrence of time the natural
phenomena, the potential affected areas, the risks and potential damages, the definition of
adaptation actions, the best evacuation alternatives to non-flood areas, the best options to
guarantee the essential uses of water and limit socio-economic damages in droughts, and to
establish previously appropriate guidelines and actions in flood and drought management plans.



| Options for WRM

10. Lessons learned

Occupation

Llll I 1

Land and water use
Spatial  Foocglain  Flood Roomfor  EarlyWaming &
planning management adaptation the Riwe r praparsdnoss
& Zoning
!

| Green
; Infrastructure
‘( Flood Risk Managemer Water h
I Defense

[ '|
Watershed Wetland Matural Water retention  Green & multi-

& imfiltrakion

management TeStOration levee

1

functional
infrastructipne

Water Security, Certainty, Flexibility

Figura 33. Combination of measures for flocd risk management

3. Technology and improvement of results: Weather
forecast —satellites, GIS, DTMs, Hydraulic models.

Engineering is totally necessary for its correct use and to
foster its improvement. It is engineering what drives and
focuses the development of Decision Support Systems, both
in floods, to decide the best management options based on
the existing alternatives and in situations of droughts, to
study and evaluate the most appropriate integrated
resource management options to mitigate their effects.

4. Combination of measures: Sound engineering to
achieve satisfactory solutions, case by case.
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11. Challenges for engineers

1. The current role: Current engineering practice has become increasingly collaborative,
favouring specialization, undermining engineers’ leadership roles formerly assumed by
more broad-based generalist self-sufficient engineers. On the other hand, specialization
provides high qualification for the operation of complex tools in the analysis of extreme
events, such as Decision Support Systems (DSS) and Geographic Information Systems GIS
for drought management and floods or mathematical models used in hydraulics studies
and in the design of flood rolling dams and other infrastructures.

Another aspect increasingly present in current engineering is global practice and its
corresponding demands: languages, knowledge of each region’s “water culture” and

adaptation to diverse local factors, as well as the cross-knowledge transfer between
countries with different features and idiosyncrasies.



11. Challenges for engineers

2. Professional practice indicators: Proposing
WFEO a survey to better global statistics
regarding the number of engineering
professionals dedicated to water issues

3. Innovation and technology:

- Technology development (BIM, 3D printing,
loT, Big Data, Machine learning, Augmented
reality, Drones...)

- Infrastructure construction and design of
resilient systems

- Extreme events management and restoration

Lt R =]
You are here - e
4 *0
[}
1
St wava
Enginesring .
applicalions ‘ Innovation
A% wava
t Sl e by
= il iUt piductidry
E Whiadi mycloon dic ga
= Graen chemisiny
- Indusiial kg
Renwaskl arangy
Tl o Fved £y
Dvigiial nihwsaris
— Hinciricky Edtiethinakigy
1el wau — Chamkcal Sanlbanie
N T riamal comkesntiar Intremphan chnclary
‘Walar porsar B g
Wecanicatihn Cofton
Tantibas
TN TS .
Trae 1846 154x} ipsD 1563 22
Figure 34. Historical evalution of engineering innovation. Source: Referred by Jose Vieira, OdE Portugal and

President FEAMI
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11. Challenges for engineers

4. Social responsibility:
- ASCE 2025 VISION

- Risk assessment and its mitigation is a key principle of engineering practice. It imposes
a responsible commitment to civil engineering professionals to adopt due to assess
the effect of climate change on the works and the service they provide. This is
reflected twofold. Firstly, engineers in charge of public facilities and infrastructure
design and management will have to adapt to climate change at the local level to
ensure public health and safety. Secondly, the growing level of awareness to this risk
and the high visibility of the impacts derived from the most intense storms and
extraordinary events raise accountability issues. Engineers who do not exercise due
diligence regarding climate change, in short, may be considered personally or jointly
liable for damages or failures arising from the impacts of climate change on
engineering systems and water security.



11. Challenges for engineers

5. Emerging and future areas:

® Deepen studies of the CC effects on resources, the water environment, droughts and floods and water demands in
order to improve their consideration in planning and define and implement the most appropriate adaptation measures.

e Incorporate CC measures into national policies, strategies and plans, making progress in adapting and guaranteeing
the resilience of the planned infrastructure.

e Include CC as one of the factors to consider in the design, operation and management for the safety of the new Critical
Infrastructures, and for the adaptation of existing ones.

To achieve this goals, the following actions should be implemented:

e Develop joint initiatives to develop projects within the innovation trends regarding the fields of Information, Planning,
Engineering, Technology and Water Management.

e Join efforts and develop R & D & | projects that, applying the available technologies and instruments (mathematical
models, measurement, telemetry, remote control or remote control, remote sensing, purification treatments, generation
of unconventional resources through water regeneration or desalination, etc. ) allow the improvement of water
management. Establish technological innovation as a key development factor.

e Improve governance, invest in institutional capacity building and apply integrated, transparent and effective solutions
in water management.



11. Challenges for engineers

6. New roles and challenges:

The 2030 Agenda states that the achievement of sustainable development in its three dimensions, economic,
environmental and social, must be addressed in an integrated and balanced manner. Thus, water is the SDG 6.

Access to water and sanitation, to affordable and non-polluting energy, to food security, sustainable growth,
the ability to adapt to risks related to climate and natural disasters, such as droughts and floods, resilient
infrastructure or international cooperation, are clear examples of interconnected issues. Today, engineers
around the world are addressing global challenges, such as climate change, locally. When they carry out
studies or project works, they must take these global challenges into consideration.

Engineers face decentralized teamwork often. Leading multidisciplinary teams in droughts and floods, is a
great challenge. Furthermore, increased globalization requires engineers to overcome any cultural bias in its
professional practice, a skill that should be exercised.

Engineers must best practices worldwide such as 2013 WFEQ’s Codes of Best Practices for Sustainable
Development and Environmental Protection "Think with a global vision and act with a local vision" (WFEQ,
2013), and 2015 “Code of Good Practices: Principles of Adaptation to Climate Change for Engineers” (WFEQ,
2015), expanded and adapted locally.



12. Contributions

Teodoro Estrela World Council of Civil Engineers (WCCE)

Tomas Sancho World Federation of Engineers Organizations.

butors

Francesco Ballio Politechnic of Milano, Italy
ZHANG Cheng IWHR - China

Ignacio Gonzalez-Castelao IIE- Engineering Institute - Spain

[]
=]

Daniela Molinari International Association for Hydro-Environment Engineering and Research (IAHR)

José Maria Villarroel WCCE Standing Committee on Water

Joaquim Pogas Ordem dos Engenheiros —
Engineeers Asociation of Portugal

Virendra Proag University of Mauritius

Oscar Sanchez CIAPR - Costa Rica

Other contributors (questionnaires)

Hatem Hameed Hussein National Center for Water Resources Management - Iraq

Janja Kramer Stanko Civil Engineering Faculty, University of Maribor, Slovenia

Tobias Rudolph & Peter Goerke-Mallet Technische Hochschule Georg Agricola University - Germany

Ali M. Zeidan Khatib & Alami -Lebanon




VIRTOUS URBAN WATER CYCLE: TECHNICAL ISSUES

e The water reserves in dams (or available in aquifers) is the indicator that
relates to the guarantee of supply, and should be managed by
foreseeing hyperannual drought cycles.

e Alternative resources (desalination, reclaimed water - regeneration and
reutilization) are more expensive and increase the energy dependence,
so they should be considered as complementary sources, not as a
replacement alternatives.

e |t is necessary to control and monitor the resource in quantity and
quality. There is no reliable information about neither supply amounts
nor supply typologies in each city. Even less reliable information is on
wastewater typologies (septic tanks, sewage, sewage and waste water
treatment plants)



VIRTOUS URBAN WATER CYCLE: TECHNICAL ISSUES

e |n developed countries an average person uses 500-800 liters of water
per day, which is 10 times more than the average in least developed
countries.

e |t highlights the great benefits of network sectoritation (for consumption
control, leakage control and investment planning) and connections and
distribution rings.

e The importance of sanitation and waste water treatment, which affects
the sustainability of the resource and the health conditions of the
population.

e |tis very important the technification of the systems and provide them
with "intelligence" which enables better operation and management
thereof, through R&D and knowledge transfer
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RECENT ACHIEVEMENTS IN MADRID

WCCE

WORLD COUNCIL
OF CIVIL ENGINEERS

After a difficult scenario of increasing population, it is possible to reduce
water consumption while keeping the supply warranty

Evolucion uso del recursovs. poblacion abastecida

(en % de incremento respecto al ano 2005)
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2 STRATEGIES FOR WATER SUPPLY IN MADRID: local actions
WCCE

WORLD COUNCIL
OF CIVIL ENGINEERS

e 28 wells with 400—700 m depth

. * 56 km of principal conductions, diameter of
| 800 — 1600 mm, transporting up to 2 m3/s.

e Connections to 2 DWTP (Majadahonday
Grinén)

* 56 km of electricity lines and 3 substations
(14.MW)

* Remote control with telemetry using optic
fiber (connection to the main water control)




\ “‘.

' STRATEGIES FOR WATER SUPPLY IN MADRID: supply ring

WORLD COUNCIL
OF CIVIL ENGINEERS

Enlargement and improvement of the water transport network, warranting the supply
to the new consumption areas.

Alternative supply to the south
and east regions with water
taken from the west (410

hm3/year between Alberche and
Valmayor).

* 136,4 km (2 pipes of 1.400
mm diameter)

* Funding: 430 M€




STRATEGIES FOR WATER SUPPLY IN MADRID: reclaimed water
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Tertiary treatment b7

Tertiary under
construction

Tertiary under project

Transport network
Current Municipal network

Municipal network under

construction
Municipal nectwork under

project

H m O O

Municipal network (3rd
phase)
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STRATEGIES FOR WATER SUPPLY IN MADRID:
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ACTIONS ON DEMAND

WCCE

WORLD COUNCIL
OF CIVIL ENGINEERS

e New rate definitions according to the service and the efficiency
e Division of the network in multiple areas (optimization and leak detections)

. Instgllfa)tion of meters (users characterization, better calibration in mathematic
mode

Better planning and management
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Actuaciones de

reutilizacion




i ACTIONS ON RESORUCES: RECLAIMED WATER

_’
WCCE

WORLD COUNCIL Planta de regeneracion

OF CIVIL ENGINEERS

ol rie

Q=3.5m3/s
V=50 hm3/year
Thanks to tertiary treatment



ACTIONS ON RESOURCES: DESALINATION

WCCE

WORLD COUNCIL
OF CIVIL ENGINEERS
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REGIONAL NETWORK FOR WATER SUPPLY IN BARCELONA
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NEW BALANCE AFTER THE MEASURES

WCCE

WORLD COUNCIL
OF CIVIL ENGINEERS

DEMAND

525 hm3/year (5% saving)

WATER RESOURCES
770 hm3/year (140 hm3 increase):
+ 80 Hm3/afio desalinitation R

+ 35 hm3/aio reclaimed water hm3/afic  desaladora Tordera
+ 30 hm3/afio increased groundwater

hmd/ano reutilizacion
hmd/ano incremento acuifero

BALANCE 770/9525=1,47

47 % < 50% minimo recomendable
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