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World of Water

Total global volume
~ 1.4 billion km3

Only 35 million km3
of freshwater

Only 105 thousand
km?3 is accessible
(0.01% of total vol.)
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Water Availability - Some Challenges

Nearly 70% of world’s fresh water is locked in ice
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Aquifers are being drained much more quickly
than natural recharge rate

2/3'9 of world’s water is used to grow food

83 million more

neople live on planet each year

Current demano

for fresh water is not sustainable

On average, every $1 invested in water and
sanitation provides an economic return of $8
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Water Security - Some Challenges

1.2 bn people have no access to safe drinking
water and 2 m die annually of diarrhoea

2.4 bn people do not have access to basic water
sanitation and 10 m contact hepatitis A annually

Women in developing countries walk an average
of 6 km dally to get water

Flooding causes many deaths globally - e.g. Aceh

More than 1/2 hospital beds in world are filled by
people with water related diseases (BMJ 04)
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Water Securlty Typlcal Challenges

had better water
quality than’
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Water Security - Typlcal Challenges
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Limited but Vital Resource

Sustain human life

Support production of
food

Support production of
energy

‘V . .
[m“.”,m Sustain industry

Maintain ecosystems
biodiversity and
landforms
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Stern 2006: Climate Change Impacts

Global temperature change (relative to pre-industrial)
1°C 2°C 3°C 4°C

Falling crop yields in many areas, particularly
developing regions

Possible rising yields in } Falling yields in many ""‘w!’
some high latitude regions™ developed regions 2

Significant decreases in watefin,
availability in many areas, includinga | Sea level rise
Mediterranean and Southem AMES™ | threatens major citiesy

.
2

Small mountain glaciecs
disappear — water

supplies threatened iy
several areas

Ecosystems

Extensive Dama% Rising number of species face extinction }
to Coral Reefs L

Extreme =
Weather Rising intensity of storms, forest fires, droughts, flooding andheatﬁ!m—-
Events ’
Risk of Abrupt and et o
Major Irreversible Increasing risk of dangerqus feed.backs and 3

QUi Changes abrupt, large-scale shifts in the climate sysfam

UNIVERSITY
PRIFYSGOL

(AFRDYD




Impacts of Population Growth
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38-39 days food left

without producing more food

VIJrLD'S POPULATION RISE | [\ ‘lk

RISE of 33% from 6bn to 8bn PEOPLE
With more people living in URBAN AREAS
greater demand for &

www.americainfra.com

POPULATION AREAS (bn)

2005 2030
B Urban Areas

i

Rural Areas

DEMAND

will increase

50%

DEMAND

will increase

30%

WHEAT 130% |
SOYA 87% |
RICE 74% |
CORN 31% |

2000 2015

B o corents [ Total Meat
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1,000 - 2,000 1 to produce 1kg of WHEAT
10,000 - 13,000 I to produce 1kg of BEET
190 I to produce 1 driven mile using ethanol

£S5 HWAT
A«[“ & RIVERS

200,000KM |
200,000KM*

ENERP~V
DEMAND

will increase

50%

ENERGY DEMAND 2000-2030
(million tonnes oil equivalent)

2005: Developing nations

- overtake developed nations

1

2000 2015

B World  Developing Nations

2 -4 UTRES

2,000 - 4,000 LTRES

‘ Ethanol production
ly of 36 bn gallons by
2022 wnth 15 bn maize
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WORLD ENERGY RESERVES
(badlion coal equivalent!years)
NATURAL GAS 63.1 yrs
oiL 42 yrs

coaL 122 yrs

2030
} Developed Nations
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Water-Food-Energy Nexus
Water

Can we just consider
Carbon Footprint in isolation?

| Environment )
/ Climate change \
Energy Urbanisation FO O d

Lifestyle
Diet
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Water Abstraction - Food Link

Africa Asia EU

Domestic == == M /% 6% 13%
Industry . 5% 8% 54%

88% 84% 33%

Agriculture gt @ )

CARDIFF
UNIVERSITY

PRIFYSGOL 13
CARDYH

Global

Hydro%ei
Research Centre




Water Stress Globally: 1990

1961-90

Million litres available per
person, per year

. M Less than 0.5 - Extreme stress
\ [0.5t0 >1.0- High stress
[11.0 to >1.7 - Moderate stress
[11.7 and over - No stress

[INo data
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Water Stress Globally: 2050

2050s

Million litres available per
person, per year

M Less than 0.5 - Extreme stress
[10.5 to >1.0 - High stress

[11.0 to >1.7 - Moderate stress
[11.7 and over - No stress

[INo data
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Four Reasons for Action

Water scarcity is increasing with
1/5t of world’s population living
In areas of water scarcity

Sustainable Development Goals
- 5 linked to water issues

Conflicts over water have taken
place and are likely to rise

Economic growth affected by
water availability and quality
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Pressure on Water Resources

Population to increase by = 50% over next 50 yr
Urbanisation to city regions = particularly coastal
Food production = needs to double in 40 years
Industry demand = needs new energy sources

More disposable income = change in diet & more
meat consumption, e.g. China: 11 kg/person/yr in
1975 = 50 kg/person/yr in 2000 (FAQO)

Changing diets = more water:- 1 kg beef = 15,500
litres of water, 1 kg of wheat = 1,300 litres of water
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Water Management - Water Cycle

@f?, g domestic

products &fv [ st >

(inc. energy) Xyt e
water

100%
("7:\\ I consumptive use

withdrawals returns
\\\\ rivers °* domestic  wastewater
AN lak * industry * surplus
akKes 36%

blue aquifers rivers
‘b irrigation ‘ -
R

J returns
to river & ocean
areen soil “ = groundwater

s el moisture transpiration (consumptive use)

; _ 7 g domestic
LN food
virtual
water
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Virtual Water Content

Embedded water per pair of jeans One bath contains
150 litres of water

73 baths

Embedded water per kg of jeans

I | | | | I
3,000 6,000 9,000 12,000 15,000 18,000 21,000
Litres

Source: University of Twente / Unesco
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Water Footprint of a Nation

Water used to produce goods and services
consumed within a nation

Two components:-

Internal water footprint - from inside country
External water footprint - from other countries

National water footprint =

National water use
+

Virtual water import — Virtual water export
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Water Footprint of Nations

B External Footprint

O Internal Footprint

Equivalent to

4.5 m3/ day
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Australia China Ethiopia Israel
SOURCE: Hoekstra and Chapagain 2008
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UK Water Footprint (WF)

External WF
= 63.6 Gm3/yr

Internal WF:- External WF:-

Household = 3.3 Household = 0.0
Agriculture = 28.4 Agriculture = 46.4
Industrial = 6.9 Industrial =17.2
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Blue WF of EU Cotton Consumption

Blue water footprint
Million m3yr

0
0-10
10 - 50
50 - 500 R EU25's impact on blue water resources
I 500 - 2500
B 2500 - 5000 N
I 5000 - 7500 ==
SOURCE;Hoekstra & Chapagain, 2008]
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Impacts = Shrinking Aral Sea
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Consumption in one place can impact
drastically on water elsewhere
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Impacts = Shrinking Lake Chad

Cameroon

1997

Nigeria
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Cameroon " Cameroon

2007 l Water

| Former shoreline
—_—

J Vegetation

This collection of maps has been sourced from a series
of satellite images provided by NASA Goddard Space
Flight Center:
Nigeria

http//www.gsfc.nasa gov/gsic/earth/environ/lakechad/chad him

Cameroon
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Impacts = Shrinking Lake Chad

Large unsustainable irrigation projects
Local climate change and local deforestation

Resulting In:-
Lake area decreased by 95% since 1963
Crop failures
Livestock deaths
Collapsed fisheries

Increased poverty
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Water Footprint of Biofuels

25000 - bio=ethanol biodiesel
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Source: Gerbens-Leenes et al. National Academy of Sciences 2009
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Public Education of Water Footprint
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A typical football shirt
made of Cotton =~ 2,700
litres of water

Do football clubs need to

change their shirt
every 1-2 years?

This water could be
used to grow food
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What Price Is Water (e.g. UK)?

$4.6 for 1m3

(1 person’s mean use
per week or 1501/d)




Recognising Eco-system Services

Ecosystem
Services

. groundwater
V recharge
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Eco-systems Services - Market

Provisional services = controlling water quality
and quantity for consumptive use

Reqgulatory services = buffering for flood flows
and provision of habitat services

Cultural services = recreation and tourism

Support services = nutrient cycling and eco-
system resilience to adapt for climate change

Conservation services = forests reduce GHG

emissions significantly = estimated ~ $3.7Tr .
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Eco-systems Services - Tidal Energy
Methodological Approach (Arup):

Current market price for services such as:- Flood Risk
Protection, Tourism, Recreation and Regeneration
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Impounded Area 500 km?
Potential Energy 17 TWh/yr
Proposed Severn Barrage

Impoundment Area 116 km2
Potential Energy 1.91 TWhlyr (0-D)

Proposed Clwyd Tidal Impoundment
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Tidal Range - Economic Opportunity

£1 spent on construction output generates a total of £2.84 in total economic
activity (i.e. GDP increase)

£1 :> £1 el £1.09 £0.75 == £2.84

Investment
in
construction

Indirect
impact

Investment —— Total
in - economic

Supply chain impacts ¢ come as a

. and (R offe activi ty lyment /
C O n S t r U Ct I O n increase in output and hd other
down the supply chain in spending
Sectors that benefit frofft ereasey SSSepe——he overall
construction output include economy
manufacturing (especially of building
products and equipment), real estate,
business services (including
architecture, planning and surveying),
mining and quarrying, and
transportation
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Tidal Range - Economic Evaluation

Tourism and Recreation — Severn Barrage and Clwyd Impoundment
w

wmmm

Tourlsm from a new Properties
Water sports landmark safeguarded

‘ Habitats
recreation FALEZISY DS
» Granaee

from flooding

More secure tourism Potential as a dormitory
income and scope for e town for North West England

Pror

developing realised

== ’,_... == ( ™
Brings more money into area to strengthen an
enhance local facilities

Ecosystem Service Severn Barrage Ecosystem Service Clwyd Tidal Impoundment
Flood risk and land drainage £219m benefit over 100 AT L N ELCRENCIETHEEN £2.45bn benefit over 100
years years
Habitat Provision £34m-£104m cost over Habitat Provision Not assessed
120 years Tourism and Recreation £270m-£670m secured
Tourism and Recreation £3m-£27m in annual GVA

annual tourism spend

to £6.5bn GVA over 5 years’
construction period

up to £47.8bn GVA over 8

years’ construction period
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Solutions = Water Security

Desalination = expensive, relatively large carbon
footprint and hydro-environmental challenges

Conservation and water re-use = to be encouraged
but only deals with domestic consumption

Storage, water transfer & integrated water resources
management = needs more holistic solutions

Improved water quality in pathways and basins =
pollution exacerbates water security

Global population growth = needs addressing
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Cloud to Coast - IWRM Solutions

Particle travels from Cloud to Coast (picking up pollutants etc.)
does not know which part of system it's in at any given time

Catchment T Design and Build
Model e aation Challenges

Groundwater
Model

INDUSTRY




Traditional System Layout

Abstraction

LLong Sea Outfall

Reduction Iin
River flow

Concerns: low flows and ecological impact downstream of abstractions
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Preferred System Layout

PRIFYSGOL

/ STW |

\ River

No Significant Change

INn River flow

Benefits: flow and ecology maintained downstream of abstraction




Fylde Coast - Ribble Estuary, U.K.

Fleetwood
/ |

} River Wyre

J Blackpool

“\_ Lytham i~
- St Anne s ,

Compllance point —

Ribble Estuar)’(f

- * Southport
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Background

Failure to meet EU Bathing Water standards

Storm sewers and sewage works discharging
along coast thought to be main problem

Combined storm water and sewer overflows
discharge into water courses and rivers

Field surveys undertaken to establish inputs
and failure levels at compliance points

Surveys unable to provide definitive conclusions

Data could not allow for impact of future proposed
capital improvements to works to be assessed

CARDIFF HRC
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Water Assets

$800 million Bathing water
invested from O Pumping station
1993 — 1996 A | B Treatment works

.‘(“v“.' 1 |
- RiverWyre

slackpool

3 major sewage
treatment works

5 pumping /\ Lytham St Annes
stations with |

AO\Q/.Rwer;aubb| :
storm outfalls A ¢

Ribble Estuary N —

along coast ~'Southport

River Dougla
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Objectives
Refine HRC hydro-environmental modelling tools

Quantify impact of sewage inputs into Ribble
basin on coastal bathing water quality

Investigate influence of various parameters such
as wind, tidal range, river discharge, etc

Allow for continuous and intermittent inputs

Incorporate land use changes and diffuse source
Inputs as boundary fluxes when data available

Propose management strategies for basin
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Linked 2-D and 1-D Models

330000

334000

338000

Bullnose

Penwortham
Darwen Boundary

Douglas River Measuring Water Elevation

- ATide Survey
Tarleton Loc(

Measuring Discharge

342000 346000 350000 354000 358000 362000
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Current Calibration

11 Milepost
3/12/98

E,_.=4.7%
E,_. =1.9%
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Direction (deg)
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Ribble Estuary

Model Calibration
11 milepost

Faecal Coliform=s-11milepost

22

Model

B Measured

24

26

11 May 1999

36 3% 40

Time (hours)
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Weather Neap Tide
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Ribble Estuary

Model Calibration
11 milepost

Faecal Coliforms-11milepost

Model

B Measured

34 36 38

Time (hours)

19 May 1999 Weather Spring Tide
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Coliform Predictions

Fylde Coast and Ribble Estuary, UK

Land
Wind Dry Area
d Flood Area

Blackpool . .
¥ Compliance Points

] St Anne's Pier
o Southport

Simulation Time
Lytham
St Ann's 49 : 36

Faecal Coliform
(cfu100ml)
0 - 100

Southport 100 - 1000
1000 - 5000
5000 - 50000

= 50000

Weather: Wet
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Review of Previous Study

Previous study undertaken at HRC Cardiff gave
good calibration agreement separately for 1-D
and 2-D models before linking, but needed:

Different values of decay rates
Different values of dispersion coefficients
Different flow area representations over linked region

Different values and formulations for roughness
coefficients in 1-D (k) and 2-D (n) models

Simplified treatment of kinetic decay and source
Inputs for stochastic inputs from discharges

auRort HRC
Research Centre
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Overview of Previous Study

Observations made between 1-D & 2-D parts of
linked model = Different dispersion coefficients
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C2C: Common Dispersion
1-D / 2-D longitudinal dispersion (Preston 1985):

Distribution FIO Levels at Mid Ebb Tide

10° 432

Fully integrated model shows greater sensitivity
to land use changes at compliance point

“??q 3"6’ 32(9 330 332 331 336. 330 \?‘,0 342 334 3'?6' 320 330 332 334 336 336’ 310 31?

OS Eastings (km) OS Eastings (km)
(a) Old Model (b) Common Dispersion
e HRC
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General Challenges

Security of clean water supply will become an
Increasing challenge over next 30-50 years

Increasing concern about water quality in rivers,
estuaries and coastal basins world-wide

Traditionally water engineers and scientists have
focused emphasis on flow and gross water quality

Increasing emphasis now needs to be focused on
Improving bio-geochemistry and health risk in

hydro-epidemiological impact assessment tools
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Conclusions = General

Intensify debate around fundamental role of water
Better understand levers to close supply-demand gap

Government, private sector and communities must
better harmonise their aspirations for water use

Correlate countries hydrologically best suited to grow
food for 9 bn people by addressing trade barriers,
price supports and other subsidies

Water professionals need to stand up and be counted
and get out of the box

Hyd
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Conclusions = Hydroscience

Need better tools for weather modelling, precipitation
prediction and better data to understand processes

Need new tools for improved process representation
In design of water supply and treatment works

Need better monitoring strategies for highly episodic
events, both for flow and epidemiological data etc.

Need new hydroinformatics tools for more efficient
use of water for agriculture = more ‘crop per drop’

Hydroscience tools = driver for global water security
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Thank You

Professor Roger A. Falconer
Email: FalconerRA@cf.ac.uk
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