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Global Water Security =
Why Global Solutions?




Global Water Security = Growing Concern

= > =
tions | UUATER 3

Nations e 2k
. . ‘World Water
Engineering Development

the future Retents Ic“Hnn"Gl"é |
WORLD

s J
2 4 2 *
< e POSTER WORLD RIVERS » WATER FOOTPRINT
N

nam.cou | AP 0t6. 2 .

%%t

ATER

2 ) b
RS TP ¢« +« " a @ 4
PECIALISSUE  *+ 2~
< ~ 9 A,s“‘ 4 - - . W 9|
G e :

N
B 5 o) 7 Sy
. QUR THIRSTY WORLD .-
~ < A ~
djj ¥ o il g" O S o .,
b DN v . X e e -
3 - Blkict = 3.8 & -
Global Water Security — - T T b SR )
an engineering perspective 3 .4‘_, ok 3 Plagigal " .:ui e “
ol gt TR N S
d vy 1 U sJ‘-Jq“.“* DA oY

Economist

Innovative Water
Partnerships
Experiences, Lessons Learned
and Proposed Way Forward

" &USAID

CARDIFF

PRIFYSGOL 3
(A




Global Water Security = Key Challenges

e Climate Change = global temperature rise on
track to be 3-5°C! = above 1.5°C IPCC target

e Floods and Droughts = more extreme events

e Population Growth = 81m more per annum?

e /0% of world’s fresh water locked up in ice

e Aquifers draining more rapidly than recharge rate
e /0% of world’s water currently used to grow food

e UN SDGs = Goal 6 - Clean Water and Sanitation

Note: 1 - UN WMO and 2 - 2020 Census
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Global Water Securlty = Typlcal Challenges

The ancient Romans_,
had better water $
quality than-half the *
people alive now. ‘

70% of th@world’s®
fresh water supply is’

% ot
devoted to agriculture. :
CAERDY® _ Source: http://water.org/learn-about-the-water-crisis/




Water Pollution = R. Wharfe, UK (2020)
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Source: lIkley Clean Rlver Group
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Measured E. coli In River Wharfe - llkley
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UN Sustainable Development Goals = 2030

NO ZERD GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION
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Hydro-environmental Engineering and Research (IAHR)
= critical to delivering all 8 targets of UN SDG 6
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Water Management = Water Cycle
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Water Footprint of a Nation

e Water Footprint = water consumed and used to
produce goods and services within a nation

e [wWO components:-
Internal Water Footprint = from inside country
External Water Footprint = from other countries

e Water Footprint of a Nation = Water used internally
+ Virtual water imported* — Virtual water exported*

“Imported/Exported through goods and services
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Virtual Water Footprint

Embedded water per pair of jeans One bath contains

150 litres of water
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Blue WF of EU Cotton Consumption

"Blue water footprint
Million m3/yr
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Virtual Water Impacts = Shrinking Aral Sea

/&

Consumption in one place can impact
drastically on water resources elsewhere




Need to Educate Public = Culture Change?

Source: BBC News

B A >
Male news reader can wear same suit daily =
oo Female expected to wear different clothes daily




Who Should Pay => Polluted Discharges?

PoIIuted water dlscharges from agrlculture

PRIFYSGOL

; need to be treated before returning to river
AERDY




Who Should Pay = Eco-systems Services?

Ecosystem
Services

groundwater
recharge

) 4

Virtual water costs need to be included In
products to maintain blue river water quality




Example Water Solution = Vertical Farming

P hegrl Key detalils:
g ‘;: .\:"’Q"’.)‘

-
“ag"

y ® High-tech farming =
complex models

e Controlled humidity,
temperature etc.

e Pesticide free

e 350 x more food per
unit land area

e Only 1% of water
needed for food
growth vis-a-vis

Source: https://www.Bloomberg.com/news/features/2017-09-06 traditional farmir !
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Cloud to Coast = Need Systems Solutions

Particle travels from Cloud to Coast (picks up pollutants)
does not know which part of system it's in at any time
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Regional Water Security =
Why System Solutions?
Hydro-epidemiological Studies:
Ribble River Basin & Fylde Coast, U.K.




Ribble and Fylde Coast - NW England

Blackpool = one of UK'’s prime tourist beaches
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Blackpool = Prime UK Seaside Resort
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Water Assets =@ Investments in 1990s

e $800M invested
from 1993 — 96

e 3 new waste-water
treatment works

e 5 new larger
pumping stations

e Still some non-
compliance during
bathing season

Key
Bathing water

Pumping station

Treatment works




Background & Aim of Studies in Mid-1990s

e Fallure to meet 1976 EU Bathing Water Directive

e Main problem = thought to be Combined Sewer
Overflows (CSOs) discharging along coast & river

e Field surveys alone failed to identify main causes
of non-compliance with EU BWD

e Aim = refine HRC hydro-epidemiological models

e Quantify impacts of CSOs and catchment inputs on
bathing water compliance along Fylde Coast

e [nvestigate influence of tides, river & CSO inputs,
winds etc. on bathing water quality & health risk

23




Water Level and Velocity Calibration
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Ribble Estuary: Faecal Coliform Calibration

Model Calibration at 11 milepost
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Faecal Coliform Model Predictions

Ribble Estuary and Fylde Coast, UK
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Review of Completed Study (2010-12)

e These studies by HRC researchers gave good
model agreement when calibrated separately
for linked 1-D & 2-D models, but needed.:

>

>
>
>

Y

Different values of kinetic decay rates
Different values of dispersion-diffusion 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 decay and source inputs for
highly episodic point and diffuse source inputs

3-D modelling of hydro-epidemiology in coastal zone
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Major New River Basin Study = 2011-16

e EU Water Framework Directive 2006, applied from
2015, has much stricter Bathing Water standards

e Concern about impact of recent land use changes
on river basin & coastal bathing water quality

e Develop an integrated Catchment-to-Coast model
= with urban & rural inputs and land use changes

e Collect extensive data on E.coli loads and fluxes

e Model hydro-epidemiological processes to predict
E.coli levels & health impact along Bathing waters

28



Integrated Model Studies for EU WFD 2015

Study Included:

e Catchment, river and coastal
models of flow, sediment &
E.coli processes

e Extended 3-D coastal model
Including: tides, sediments &
E.coli processes

e Climate & land use changes
on urban & rural source
Inputs on river water quality
& coastal E.coli levels
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HSPF Catchment Configuration
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e 28 different river
basin & catchment
types, including:

(1) rural & urban,

(11) steep & mild
terrain slopes,

(1) various land
use types:- arable,
pasture & forested




Field Surveys Along Coast and Estuary

e Comprehensive estuarine and offshore surveys

e Drogue tracking, water quality and irradiance depth
profiles, and sediment samples from field surveys




1D RNM = Model Configuration

e 1031 cross-sections
e 5 branched channels
e Linked HSPF & InfoWorks

e Time step: 30s
e 1 yearrun:40m
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1D RNM = SSC and E.coli Verification
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FIO Levels = River Column, SSC and Bed

e FIO distribution in river water, on suspended
sediments and on bed sediments
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Bed and Suspended Sediments with adsorption &
desorption = important pathway for FIO transport




Conclusions = General and Specific

e Water Security = increasing concern, particularly
with climate change = needs Global Solutions

e Water Footprint & Virtual Water = needs to be
better understood by politicians, industry & public

e Water Security needs systems-based solutions at
Global & Regional (Catchment to Coast) Scales

e Hydro-epidemiological studies show E.coli levels
depend on hydraulics, biochemistry & source inputs

e Sediment Transport = Ad-/de-sorption of E.coli
provides key FIO transport process in wet weather
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Thank You

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