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Scarcity – Mother of InventionScarcity Mother of Invention

“When the well is dry, we know the worth of 
water.”

B j i F kli 1746Benjamin Franklin – 1746
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Trend #1Trend #1

The Advancing 
Malthusian Puzzle –Malthusian Puzzle –
Population and Itsp

Immediate Implications
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In the Very Big Picture…
What’s Happening?
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IWA - The Premier Global 世界
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Worldwide Water Use by y
Sector
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d d ld dIrrigated Land Worldwide

1900 – 1950    – doubled
1950 – 1980 – doubled again1950 1980    doubled again
1980 – present – growing proportionally
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Billions

Growth in More, Less Developed Countries
Billions
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Source: United Nations, World Population Prospects: The 2004 Revision (medium scenario), 2005.





Water Availability Per CapitaWater Availability Per Capita 
1950
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Water Availability Per CapitaWater Availability Per Capita 
1970
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Water Availability Per CapitaWater Availability Per Capita 
1990
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Water Availability Per CapitaWater Availability Per Capita 
2010
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Water Availability Per CapitaWater Availability Per Capita 
2025
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NRC 2000:

Nitrogen is now the 
largest pollution problem 
in the coastal waters ofin the coastal waters of 
the United States.

T thi d f t lTwo thirds of coastal 
rivers and bays are 
moderately to severely 
degraded from nitrogen 
pollution.
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Water Supply-- Doubling of Global Nitrogen Pollution

Green et al. 2003
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Kg N km-2 year-1 (Howarth et al. 1996)



T d #2Trend #2

AA 
“Rearranged”

Population  

a global network for water professionals



Urban Portion of World’s 
Population
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Urban Population

Trends in Urbanization, by Region
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Millions

Largest Cities, Worldwide

Millions

1950                            2000                2015
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Development of World Cities

1950 World Cities exceeding 
5 million residents

27

Data source:
U.N. Population Division



Development of World Cities

2000 World Cities exceeding 
5 million residents
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Data source:
U.N. Population Division



Development of World Cities

2015 World Cities exceeding 
5 million residents
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Data source:
U.N. Population Division



Tokyo and surrounding area

100 km 
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T d #3Trend #3

In Developed CountriesIn Developed Countries, 
Trend is Towards Monotonic 
Increases in Water Quality 

and Environmental Standardsand Environmental Standards
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Development of the Saprobic Quality  
of the Ruhr River 1972 throughout 2003 o t e u e 9 t oug out 003

flo
w

 d
ire

ct
io

n

classification

minimal loaded moderately loaded heavily polluted excessively polluted



a global network for water professionals



a global network for water professionals



T d #4Trend #4

Dawning Recognition of 
the Impacts of Climate 

ChangeChange
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Unprecedented COUnprecedented CO22 Change in Change in pp 22 gg
History of Our SpeciesHistory of Our Species
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Projected Changes in Annual 
Temperatures for the 2050s

The projected change is compared to the present day with a ~1% 
increase per year in equivalent CO2

Source: The Met Office. Hadley Center for 
Climate Prediction and Research



Possible impact of climate change on average 
discharge of the Rhine River (Lobith)

Buishand, T. A. and G. Lenderink (2004). Estimation of future discharges of the 
river Rhine in the SWURVE project, KNMI, De Bilt, Technical Report TR -273.



Great Natural Disasters 1950–2005
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Great Weather Catastrophes 1950 – 2005
Economic and insured losses
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Great Flood Catastrophes 1950 – 2004
Economic and insured losses
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Case StudiesCase Studies 

Convergence of Forces:

Population, Urbanization, Growing 
Regulatory Requirements andRegulatory Requirements and 

Climate Change
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Is sustainable water resource management possible in Australia?
Rob Vertessy, CSIRO Land and Water

Keynote Address

www.csiro.au

Keynote Address
Enviro06 Conference & Exhibition
Melbourne Exhibition Centre
9 May, 2006



Sydney Water Corporation
Total Demand since 1950
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Australian mean annual temperature is increasing

Source: BoM, SILO web site..



The Murray - we seek more water but are confronted with less

The Living Murray Initiative

Climate Change Irrigation Managementg g g

Groundwater Extraction Plantations

Bushfire RecoveryFarm Dams

“First Step Decision” - 500 GL/yr







Annual inflows to Perth dams have declined markedly
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Projected water demand and availability for Melbourne
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Projected urban water supply shortages by 2030

City

Projected 
Consumption 

2030

Current per Capita
Consumption 

(Unrestricted Usage)

Per Capita Consumption 
required in 2030  with no 

increase in supply

Reduction 
in per capita
consumptionCity 2030 

GL/Y

(Unrestricted Usage) 

KL/Y

increase in supply 

KL/Y

consumption

%

Brisbane 255 210 103 51%
Gold Coast 99 147 78 47%
Melbourne 659 159 93 41%
Perth 313 171 102 41%
Sydney 884 174 80 54%

(1GL = 1billion litres)

• These major cities must reduce per capita water consumption by at least 40% in 
the next 25 years unless they augment their water supply

• Total water supply shortfall by 2030 is ~800 GL/y• Total water supply shortfall by 2030 is ~800 GL/y



Partner for progressJ.J.G. Zwolsman, September 25, 2006 p g

Impacts of climate change on the 
water quality and drinking waterwater quality and drinking water 
function of the Rhine River

Kiwa Water Research, Nieuwegein, NL, g ,



Impacts of climate change on the hydrological 
cycle (1): Retreat of glaciers in the Alps

Aletsch glacier (Switzerland), 1850 (left) and 2000 (right)g ( ), ( ) ( g )



Impacts of climate change on the hydrological cycle 
(2): Increase of river floods and summer droughts

Meuse river, December 1993,

Rhine river (secondary 
channel in floodplain), 
August 2003



Impacts of climate change on the hydrological cycle 
(3): Increase of extreme precipitation events



Impacts of climate change on the hydrological cycle
(4): Sea level rise and upconing of brackish groundwater

Sea level rise (1900-2000): 20 cm Chloride in groundwater (0-10 m)



Possible impact of climate change on average 
discharge of the Rhine River (Lobith)

Buishand, T. A. and G. Lenderink (2004). Estimation of future discharges of the 
river Rhine in the SWURVE project, KNMI, De Bilt, Technical Report TR -273.



Summary of climate change impacts on river 
water quality

Droughtsg
Temperature close to raw water standard (25 °C)
Chloride > drinking water standard (150 mg/l)
Increased concentration of chemicals released by point sources
(e.g. heavy metals, pharmaceuticals)
Enhanced intrusion of sea water in the delta: salinization

Floods
Resuspension of polluted sediments (mud waves)
Sewer overflows (heavy metals, nutrients, pathogens)
I d t i l l iti ( il ill l f t d h i l t )Industrial calamities (oil spills, release of stored chemicals, etc.)

Rainstorms
Sewer overflows (heavy metals nutrients pathogens)Sewer overflows (heavy metals, nutrients, pathogens)
First-flush events, e.g. pesticides and nutrients (agriculture)



Trend #5Trend #5

A Major Rethink in Urban Water 
Management is Underway…Management is Underway…

Driven by both ChallengesDriven by both Challenges
and Opportunities
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Innovation in Water Production 
and Use: Doing More with Less

Efficiencies in Supply and Demand
Cascading Use of WaterCascading Use of Water

Wastewater Reuse
D li iDesalination

Stormwater Reuse

a global network for water professionals

More water for people and the environment



Major Changes In The Ways We:

• Think about our mission
Structure utilities• Structure utilities

• Plan and invest
• Relate to the larger urban area, 

industry and agricultureindustry and agriculture
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Major Changes In The Ways We:

• Think about our mission
Structure utilities• Structure utilities

• Plan and invest
• Relate to the larger urban area, 

industry and agricultureindustry and agriculture
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Addressing a Disintegrated g g
Approach to Urban Water Mgt
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PUB manages the complete water cycle
From sourcing collection purification and supply of drinking water to

Integrating the Water Loop : Water for All

From sourcing, collection, purification and supply of drinking water, to 
treatment of used water and turning it into NEWater, drainage of storm water

Rain SeaRain Sea

Direct Non-
Potable Use
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Major Changes In The Ways We:

• Think about our mission
Structure utilities• Structure utilities

• Plan and invest
• Relate to the larger urban area, 

industry and agricultureindustry and agriculture
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Addressing a Disintegrated g g
Approach to Urban Water Mgt



Major Changes In The Ways We:

• Think about our mission
Structure utilities• Structure utilities

• Plan and invest
• Relate to the larger urban area, 

industry and agricultureindustry and agriculture
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30 ML/day
Water pressure &

The Preferred GCWF Strategy
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ti

41 to 55 ML/day
Desalination

55 ML/day
Southern Regional Pipeline

From 2007

conservation

191 ML/d

35 ML/day
Logan Pipeline

EXISTING
191 ML/day

Hinze Dam (Stage 2)
EXISTING
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“Security Through Diversity”
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Major Changes In The Ways We:

• Think about our mission
Structure utilities• Structure utilities

• Plan and invest
• Relate to the larger urban area, 

industry and agricultureindustry and agriculture
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Centralized vs. Nodal System
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Shinjuku Area

Ochiai Sewage Treatment Plant
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Main Points
• Water needs are significantly outstripping 

supplies –> population & economic growth, 
climate change environmental recognitionclimate change, environmental recognition 

• Increasingly infeasible to turn to large new 
transfer projects to resolve the problemtransfer projects to resolve the problem

• Consequence – we must do significantly more 
with significantly less – reuse is key herewith significantly less reuse is key here

• Convergence of technical approaches underway 
enabled by membrane technologiesenabled by membrane technologies 

• Harmonization of approaches will require a very 
different approach to planning and developmentd e e t app oac to p a g a d de e op e t

• Taken together, moving to an era of produced 
water.  This change provides opp’s and threats.



Trend #6Trend #6 

Bio and NanotechnologiesBio and Nanotechnologies –
A Revolution on Our 

Doorstep?
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Trend #7Trend #7

Water and Energy:Water and Energy:
Joined at the Hip, Walking 

Down a New Path
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Trend #8Trend #8 

In the Meantime…

Continuing Utility Reform: 
St t G PSP dStructure, Governance ,  PSP and 

Regulation
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Trend #9

Renewed Attention to Asset
Management:  Planning, 

Financing and ImplementationFinancing and Implementation
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Trend #10

Declining Labor Forcesg
Throughout the Developed 

WorldWorld
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Trend #11

In Developing CountriesIn Developing Countries

Big Goals for Water and 
Sanitation That Lack A ViableSanitation That Lack A Viable 

Paradigm for Scaling Up

a global network for water professionals



Thoughts for NACWA Membersg

Challenge to the world do more with lessg

After conservation, the preferred source of 
new water is and will be reuse in water limited

Result -> fundamental change in the “place” 
of wastewater utilities = opportunityof wastewater utilities  opportunity

Effectiveness in new role greatly aided by new 
institutional arrangements – difficultinstitutional arrangements difficult

Hopeful that water quality experts within 
NACWA can rise to this new challenge

a global network for water professionals

NACWA can rise to this new challenge
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