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1. Urban Water Challenges



Overview of Water Challenges in Urban Area

Social/urban complexity:
Rapid urbanization,
high density, high inequality, land cover
change, high water demand, etc.
Governance problem:
Poor water management along river 
basin, Inadequate water tariff system, 
etc.

Common characteristics of urban areas

Consequences of the Climate Change:
Sea level rise, rainfall patterns variation, 
degradation of the water quality

Specificities depending on the place

Depending on…
- Geographical difference: Coastal city, 

inland, etc.
- Climatical differece: arid, humid, etc.
- Economic situation: developed or 

developing countries
…

Aggravation of problems: high flood vulnerability, water shortage, etc. New problems:planning uncertainty, etc.

Create new problemsAccelerate
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Increased risks by climate change & location
Increased risk in the future by climate change
• More flood/drought risks by larger variation of rainfall and sea level rising

Globally, urban land exposed to both floods and droughts is expected to increase over 250% by 
2030

• Each flood would be more destructive owing to sea-level rise and land subsidence
• Groundwater salinization by sea level rising, especially in growing coastal cities 

which pump more groundwater
• Degradation of surface freshwater quality by temperature change and heavy rainfall

New challenges
• Update and Management of existing infrastructures are more important 

O&M of existing infra; infra development is often based on old centralized model

• Difficulty to design new physical infrastructures in response to uncertainty and 
increasing risks in the future
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2000 2030
Urban land within high-
frequency flood zones

Urban land within high-
frequency drought zones

Increasing Risks of Flood and Drought

Reference: Güneral et al. (2015)
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Main Drivers of Flash Floods in Urban Area

Rapid Urbanization

Source: http://geography.name/wp-content/uploads/2015/09/iowa7-640x387.jpg, http://a.scpr.org/i/52804e6b63349a169566cfa54eab7a63/73946-full.jpg, https://www.virginiamercury.com/2019/04/15/more-rainfall-a-consequence-of-climate-change-expected-to-make-sewage-overflows-worse/

Concrete City Concept & Land cover change 

Combined Sewer Systems

Due to rapid urbanization and concentrated economic 
activities, cities are more vulnerable to water-related 
disasters. Especially in developing countries, inequality 
and poverty lead poor people to live in informal 
settlements in flood prone area.

Due to land cover change using more concrete and less 
green spaces, land surface cannot absorb much water 
when there is a heavy rain. Poor urban planning can 
also lead to alter natural flow of water.

Combined Sewer Overflows can harm the public 
health. For example, in Virginia, this happened more 
than 550 times, spilling 3.4 billion gallons of raw 
sewage mixed with stormwater into the river and 
surrounding tributaries in 2018.
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7Source: https://www.weather.gov/media/fwd/floodsandfloods.pdf
https://slideplayer.com/slide/4557729/

Dam FailureIce Jam

Urban FloodArroyo FloodRiver Flood

Coastal Flood

Need to deal with several types of Floods
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Summary: Water problems caused by urban dynamics
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2. Water Services in Urban Settings
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Solution examples in the world
Eco-hydrology Engineering Solutions, 
Lodz, Sokolowka River, Poland 

Source: Prof. Dr. Giuseppe Arduino (UNESCO – IHP), https://www.gwp.org/globalassets/global/gwp-cee_files/regional/floods-guidance.pdf, Prof. Dr. Haifeng JIA (D.WRE  School of Environment, Tsinghua University jhf@tsinghua.edu.cn)

Constructed Wetlands in Poland
- Rehabilitation of Sokolowka river and its valley 
- Elaboration and legalization of the Blue-Green 

Network Concept
- Implementation of best management practices by 

developers in stormwater management

Regional Flash Flood Guidance 
system (example of Costa Rica)

Flash Flood Guidance and Early Warning Systems in 
the world
- SARFFG implemented operationally in Feb 2014 

with NMSs.
- 2 Training workshops to forecasters (Feb and Oct 

2014), Country training in San Diego. 

National Pilot Sponge City, China

Objectives of Sponge City
- No ponding in light rain
- No flooding in heavy rain
- No black and odorous urban water
- Mitigating Heat-island effect
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Trend of Water Charges in Large Cities

• The ratio of water charges to total spending  
decreases within a city in most cases as its 
GDP per capita increases 

• That would be because...
- Water demand does not change greatly in 

relation to salary increase
- Water tariff increase per year is relatively 

small 

Figure : Relation between GDP per cap and water spending in 2000-2019 for large 51 cities

Data Source: Oxford Economics Data
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Water Tariff Level in the World

Total water tariff charge for the benchmark user (USD per m3)

Data Source: GWI Data
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Trend of Water Tariff in large cities

(A) GDP develops much greater than water 
tariff increases.
(B) Tariff increases more considerably than 
GDP grows.

→ Water tariff increases is not sufficient in 
developing countries given its speed of GDP 
growth, while tariff increase seems too rapid 
in developed countries?

(A)

(B)

Figure: Relation between GDP per capita and water tariff in 2011-2019 Data Source: GWI Data
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Drinking Water Mumbai: non-revenue water fell from 65% in 1994 to 24% in 2014, approaching its 2030 target 
between 15-17%.
Tokyo and London: achieving higher performance on controlling leakage rate.
Mumbai: nearly 75% of domestic connections are covered by domestic meters, and some shanty 
towns are gradually metered by shared standpipes.
Buenos Aires: water and sanitation services are funded by state grants, more than income 
charges, which is converse from the case in London, New York and Chicago. 
Lagos: drinking water charges by informal private operators is much more expensive to public 
water corporation, 1:33

Manila: 99% of population have access to drinking water , while less than 15% of city habitants is 
connected to sewer system; 85% of households have to reply on individual treatment system.
New York: progressive policy on treatments were in place in early 1990s, until 2000 wastewater 
treatment plants were constructed.
Istanbul: high performance biological treatments were invested to control untreated water 
pollution into Sea of Marmara since 1980s.

Challenges and Adaptation

Sanitation
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Managing 
stormwater

Challenges and Adaptation

Green 
infrastructure 
solution

Water Energy 
efficiency 

Beijing, Lagos, Buenos Aires and Mumbai: insufficient capacity of rainwater drainage systems 
become one of the major cause of urban flood during rainy season.
New York: 40% of the city is covered by a system that separates domestic waste water from 
rainwater.
Paris: sanitation operator – SIAAP  ensures a storage capacity of almost 1 million m3 and is 
equipped with real-time system to manage wastewater and rainwater.

Tokyo, London, Los Angeles, Chicago and New York: green infrastructures (green roofs, rain 
garden, rain barrels, permeable pavement etc) are widely adopted in urban re-development plan, 
contributing to air quality and pedestrian-centered environment.
But such approaches usually appear in megacities in rich countries in the form of pilot initiatives 
which is limited in scope.

New York: “OneNYC” plan aims at reducing green house gas emission by 80% during 2006 and 
2050, and wastewater plants of city center is targeted to attain “net-zero energy”; but reducing 
carbon footprint is not yet prioritized by Lagos, Manila and Mumbai.
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Water Service challenges in EU (IHP SWM Publication)
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Solution Scheme for water challenges

Water centric SolutionsResilient City or 
climate change related solutions

Other integrated solutions 

Coverage of these solutions is large, but 
water related problems they discuss 
remain general and not really detailed

Water related domain

Key words: IUWM, SUWM, IWRM, 
IRBM, WSUD, LID, Green Infra, etc.

Key words: Smart city, Compact city, food-
energy-water nexus, (LID, Green Infra), etc.

Key words: Resilient City, Disaster 
Reduction, Adaptation, mitigation, etc.

• Integrated approach with 
different sector is not really 
considered

• Regarding climate change, 
consideration of (social) 
transition is also necessary

17
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Prevention 
in Risks

Challenges and Adaptation

Istanbul: scientific assessment studies are carried out by preparing maps to identify confirmed 
and potential risk areas
Mumbai: in addition to investment in infrastructure, Mumbai also provides training in 
catastrophe management to technical teams and non-technical counterparts such as NGOs and 
community-based organizations.
Beijing: advertising campaigns and awareness programme on risk reduction have been carried 
out through media
Los Angeles: cutting-edge treatment system of reproducing purified water, which can infiltrated 
into groundwater and thus help reconstitute the resources and ensure the availability, has been 
constantly invested since 1979
Mexico city and Istanbul: 11m3/s of urban untreated wastewater has been reused for services, 
public parks of the Mexico metropolitan area and for irrigating agricultural land; Istanbul water 
operators ISKI used sand filtration and UV disinfection to reuse the treated water in toilet flushes 
and industrial process.
Mexico city: massive infrastructures to increase water availability of additional 30 m3 of 
additional resources by drawing supplies from adjacent basin 14 km away, and overcoming 
drought challenges

Water Services (Examples of Megacities)
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Water governance

Challenges and Adaptation

Lagos: the institutional framework has resulted in competing legislatures within the ministries 
among different counterparts, making water governance yet ineffective.
Buenos Aires: water management and environmental protection have been fallen into specific 
jurisdiction and organization based on competence areas of stakeholders – national operators, 
provinces and municipalities. Still, coordination among these actors remain the greatest 
challenges.
Manila and London: water infrastructures and services are monitored by the public body of 
Manila– Metropolitan Water and Sewage System, while two private concessionaires undertake 
actual management and improvement based on contractual requirements. 
This is also the case in United Kingdom: the Office of Water (OFWAT) which is the regulatory body, 
has closely supervised the four companies tasked with providing services.

Water Services (Examples of Megacities)
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Cost euro / m3 saved or replaced

Individual Solutions

Collective Solutions

marginal production cost

marginal cost for consumer

Which solutions for domestic “water resilient” services?
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Graph1

		2 speed Toilet Flush

		Pressure reduction on tap

		Efficient washing machine

		Mitigeur thermostatique

		Rainfall collection 10 m3

		Small scale rainfall storage

		Individual Well 100 m3

		Separate irrigation tariff

		Individual metering

		Leak detection

		Renew 1%/year dist. network

		Conventional ressources

		Re Use

		Desalination



Individual Solutions

Collective Solutions

marginal production cost

marginal cost for consumer

Coût euro / m3 économisé

Cost euro / m3 saved or replaced

0.6

0.4

3.3

3.2

7.5

10

2

0.8

0.5

0.6

4.3

0.3

0.5

1



Feuil1

		

				Solution		Coût euro / m3 économisé

		3		2 speed Toilet Flush		0.6

		4		Pressure reduction on tap		0.4

		5		Efficient washing machine		3.3

		6		Mitigeur thermostatique		3.2

		8		Rainfall collection 10 m3		7.5

		9		Small scale rainfall storage		10

		10		Individual Well 100 m3		2

		1		Separate irrigation tariff		0.8

		1		Individual metering		0.5

				Leak detection		0.6

				Renew 1%/year dist. network		4.3

				Conventional ressources		0.3

				Re Use		0.5

				Desalination		1
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• New policy: Converge regulatory frameworks, 
provide institutional incentives and reform 
water rights

• Public Perception: Improve communication and 
public education

• Innovative technology: Improve efficiency, 
reliability and water quality

• Economic viability: Establish appropriate water 
pricing, provide adequate financing and 
subsidies

• Frame best management practice

Challenges for Sustainable Growth of Water Reuse
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Once a confirmed 
alarm is raised, how 
to best evaluate the 
risks and implement 

response and 
mitigation actions?

Towards Integrated DSS
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A QUICK REALITY TOUR 
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OVER 500 INFORMAL 
PROVIDERS IN 

GREATER MAPUTO
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3. Our Approach (Theme 4)



IHP-VIII Responses: 6 Themes, 3 Axes 2014-2021
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Water and human settlements of 
the future
Theme 4
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Focal Area 4.1 Game changing approaches and technologies

Focal Area 4.2 System wide changes for integrated management approaches

Focal Area 4.3 Institution and leadership for beneficiation and integration

Focal Area 4.4 Opportunities in emerging cities in developing countries

Focal Area 4.5 Integrated development in rural human settlement

©Andrey Papko ©DFID - UK Department for International Development Follow/CC BY (Flickr)

Focal Areas of Theme 4
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NAIROBI MATRIX

Addressed topics

Addressed topics of Nairobi Matrix 
Monitoring the Implementation of the IHP-IIIV Theme 4
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Global Water Pathogen Project
• IHP-VIII’s Theme 4 Water and Human Settlement of 

the future

- Mission: Developing a knowledge resource to reduce mortality linked to 
water pathogens and the lack of safe drinking water and basic sanitation
- Publication: state-of-the-art knowledge, intervention measures, new 
and emerging pathogens and updated scientific data

https://www.waterpathogens.org/

● 258 Members
● 56 Countries 
● 391 Glossary terms
● 115 Chapters
● 391 Data tables
● 7336 Scientific resources

37



Examples of Nairobi Matrix Outcomes

Correlated publications
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Examples of Nairobi Matrix Outcomes

Watershed Maps Description

Maps created by Institute of Urban 
Studies at the College of Architecture, 
Planning and Public Affairs (CAPPA) at 
UT Arlington. To create a snapshot of 
the state of interaction between 
watersheds and the built environment, 
we provided 5 pair maps with related 
topics. 
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Joint Research Project with MoE of Rok
- Sustainable Water Security for Human Settlement in Developing Countries under Climate Change-

The overall goal of this project is to have water secure human 
settlements in developing countries of Africa and Asia

Time & Budget Budget Beneficiaries

10-year plan 3,130,000 USD 20 Member States

Annual plan 300,000 USD 2 Member States
(1 Africa, 1 Asia)

Objective

Deliverables
Activities

- Investigation of the target countries

- Setting up specific goals, customized for the countries

- Development of water security guidelines and priority set-up

- Development of implementation roadmap

- Invitation of donors and development banks for follow-up

- Training programme for the beneficiating Member States

- Selection of the target countries for the following year

1. Urban Water 
Challenges

2. Urban Water 
Services

3. Our 
Approach

4. Impact of 
Covid-19

40



Joint Research Project with MoE of Rok
- Water Security & Climate Change, 1st Africa pilot Nairobi Kenya 2019 -

Objective: to establish water-secured human settlements in Kenya, especially 
urbanized and populated area and is also to strengthen the adaptation in the 
face of climate change, through improved groundwater management. 
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Seal of Excellence for Urban Water Management
Open Water Science platform

Sustainable
Water 

management

* Evaluation Criteria 

Improving 
Water 

Management

② Knowledge sharing partnership 
for clean water service

Awarded
city

Partner 
city

Knowledge 
sharing

Award to 
CLEAN WATER CITY

① Clean water service 

Impacts

Increase population for 
access to tap water

Reduce plastic bottle 
waste after use

Enhancement of 
capacity of MS via 
Mentor& Mentee

Mentor &
Mentee

2021
From Source to Tap

42



https://en.unesco.org/mawac
https://en.unesco.org/events/eaumega

Megacities Alliance for Water and Climate (MAWAC)

Presented by Mr. Alexandros Makarigakis
Programme Specialist of UNESCO

Date: May 26th 2021

Brief Introduction

https://en.unesco.org/mawac
https://en.unesco.org/events/eaumega


About MAWAC

44Megacities Alliance for Water and Climate 

1
1.1 Objective

Megacities Alliance for Water and Climate (MAWAC) is
an international collaboration platform of the world’s megacities.

It aims to strengthen megacities’ capacity to implement global standards
and agreements, by promoting trans-disciplinary exchange, and the
adoption of integrated approach through international cooperation, thus
driving towards a paradigm shift in urban water management and climate
change adaptation.

Megacities Alliance for Water and Climate focuses on the
cooperation among 4 key stakeholders

o Decision Maker
o Water and wastewater utility or operator
o Academia
o River basin authority
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Opening Session

Irina Bokova
Former Director General

UNESCO

Naoko Ishii
President
The GEF

Célia Blauel
Deputy Mayor 

Paris

Megacities Alliance for Water and Climate 

 388 participants
 20 countries
 15 sessions (3 in parallel)
 55 presentations
 Portraits of 12 Megacities
 7 technical visits
 Delegates’ origins:

- 42% research and academics
- 20% local governments
- 18% private sector
- 10% State
- 10% NGO

About MAWAC1
1.2 1st International Conference “Water, Megacities and Global Change” （EauMega 2015)

A declaration is signed between UNESCO-IHP, ARCEAU-IdF and ICLEI as a Call for 
Action to create a platform for sharing experiences and good practices in urban 
water management, entrusting UNESCO-IHP to set up a Task Force (Working Group) in 
charge of providing the preliminary conditions for the emergence of this platform.

Key output



Megacities Alliance for Water and Climate (Brief Introduction) 46

View full version: https://en.unesco.org/mawac/resources

About MAWAC1
1.3 Publication: Water Megacities & Global Change: Portraits of 16 Emblematic Cities of the World (2016. 2019)

It is the collective contribution of 33 authors from around the 
world and also to the financial and intellectual support of 3 
major institutions: CONAGUA (Comisión Nacional del Agua), 
SUEZ Environment and SIAAP.

Megacities

Contributors

Languages

The 16 Megacities Monographies were launched 
during the Habitat III in 2016.

In 2020, UNESCO is planning 
on authoring new water 
monographies (2020-2022). 
The new water monographies 
allows for performing a 
comparative analysis among 
the data and information in 
megacities. 

https://en.unesco.org/mawac/resources


Megacities Alliance for Water and Climate (Brief Introduction) 47

The project focuses on the rehabilitation of Pasig River, and
constructed and operate a pilot plant for the treatment of wastewater
and sewage using phytoremediation technology to study its possible
widespread application in Metro Manila as a cost-effective and
sustainable means for the rehabilitation of Pasig River, for mitigating
the effects of climate change, and for attaining the SDGs.

https://youtu.be/PjzF5RB7xMk

About MAWAC1
1.5 An example of cooperation under MAWAC’s umbrella: Paris/Manilla and the rehabilitation of Pasig River 

In Manila, less than 15% of the city’s population is connected to a
sewerage system. The Pasig River, which is its main water source, is
clogged with solid waste and is today considered biologically dead.
SIAAP, the Greater Paris Sanitation Authority, as a founding member of
the Alliance, is developing the detailed action plan for sanitation of the
megacity of Manila.

Context

https://youtu.be/PjzF5RB7xMk


More than a database, WINS is:

A geographical 
information 

platform

A knowledge sharing 
platform

A networking 
platform

Water Information Networking System (WINS)
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4. Impact of Covid-19 on Water Services



Source: https://en.unesco.org/news/covid-19-implication-water-megacities
50
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 Lock-down policy and restriction in business and production sector has reduced
the overall water demand in business, whereas water consumption has increased
in residential scenario. 

• In Jakarta, the water demand of the industry and commercial  sector decreased by 
23% up to 34% compared to the pre-COVID-19 situation, while most of the domestic 
use has increased to 11%. 

• The growth in household water consumption was observed 30% in Istanbul, 20% in 
Lima and in Karachi, as well as 5% in Tehran in the early months.

51

Key observation on Water Consumption during Covid-19
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 COVID-19 Pandemic aggravated the already insufficient capability of water 
utilities to meet the water demand and fill water shortage.

• Megacities such as Istanbul, Mumbai, Lima and Wuhan were still able to manage the 
normal water demand and supply 

 Enforced by the risk reaction policy, priority was given to maintain undisrupted 
water supply for the citizens. 

• In Mexico City and Lagos, the water pressure occurred, which placed challenged water 
facilities and operation as well as occasional facilities; 

• Karachi faced a 35% shortage of water supply as the result of non-revenue water loss (45%) 
and water pollution;

• In Tehran, short-term water shortage occurred due to the high temperature in June 2020. 

52
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 COVID-19 Pandemic particularly necessitated the specific reaction on water 
provision to vulnerable communities, where the water service was already in 
deficit.

• In Mexico City, over 125,000 people have no access to grid water in the household; 
• In Jakarta, 37% of the population is not connected with piped water; 
• 0.8 out of 10 million inhabitants in Lima are supplied with water trucks instead of 

piped water. 
• In Karachi and Sao Paulo, water service to slums and informal settlements were the 

most affected
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• Immediate actions to meet the urgent water access demand in low-income communities and informal
settlements
 Jakarta (Indonesia): Water kiosks and hand washing stations
 Lima (Peru): Water trucks for 0.8 million affected people to avoid service disruption

• Massive restriction on industrial and commercial sector 
 Significant decrease in water related revenues, for instance in Cairo (Egypt) and Mexico City
 Financial solutions proposed to operators and utilities

Karachi (Pakistan), supported 60% of the water utility’s operational costs
• Leading role of scientists in combating COVID-19

 Specific disinfection and monitoring in water supply and wastewater treatment plants in Istanbul (Turkey) and Wuhan
(China)

• Sector-to-sector communication and cooperation
 As mentioned by Tehran (Iran) working together at different levels (federal, state, municipalities) is crucial to achieve

cooperation between diverse institutions linked to water services and management and to adapt the pandemic
strategy properly to the diverse population groups

• Leading role of scientists in combating COVID-19
 Specific disinfection and monitoring in water supply and wastewater treatment plants in Istanbul (Turkey) and Wuhan

(China)

2. 
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• It is emphasized that the urban inequalities and long-term development deficits, especially the vital 
access to water and sanitation, and necessitated the strengthen capacities of local government.

• An estimated 71 million people are expected to be pushed back into extreme poverty in 2020, the 
first rise in global poverty since 1998. 

• Underemployment and unemployment due to the crisis mean some 1.6 billion already vulnerable 
workers in the informal economy.

• More than one billion slum dwellers worldwide are acutely at risk from the effects of COVID-19, 
suffering from a lack of adequate housing, no running water at home, shared toilets, little or no 
waste management systems, overcrowded public transport and limited access to formal health care 
facilities.

• Climate change is still occurring much faster than anticipated. The year 2019 was the second warmest 
on record and the end of the warmest decade of 2010 to 2019. 

Source: UN policy brief on COVID-19 and Cities https://www.un.org/en/coronavirus/covid-19-urban-world
The Sustainable Development Goals report https://www.un.org/sustainabledevelopment/progress-report/ 58
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Thank you for your attention

Dr. Alexandros K. Makarigakis

Programme Specialist

Water for Human Settlements of the Future

Division of Water Sciences

UNESCO
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