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WATER RESOURCES MANAGEMENT
SPATIAL AND TEMPORAL VARIABILITY
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Mentor

Friend

Invisible guide

Pete | am honored and humbled

Many interactions
Formation of my professional views
Help for staying on the right path

Indirect impact on my promotion
Test of my ‘intelligence’ or luck of it
Recognition in accepting to write the
forward for my book

Pete | am honored and humbled!
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3 | IWRM support

Summary

= |WRM
= Water —food — energy nexus
= Systems approach
= Variability in time and space
= Modelling framework
= Physical models

= Agent —based model
= System dynamics simulation model
= Work in progress
=  Domain-specific models
= Dynamic data exchange
= Definition of agents (rules and
chracteristics)

EWRI 2013
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Outline

Challenges

Systems approach
= Complexity

= |ntegration
Modelling framework
An illustrative example
Summary
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5 | IWRM support

Challenges
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Water-Energy-Food common concerns
. Access to services

. Environmental impacts

. Price volatility

Growing population
. Poverty
. Health

Climate change

. Mitigation — energy

. Adaptation — land and water

Management

. Enormous opportunities for higher efficiency

. Study of the whole complex system

. Understanding interactions —it is all about feedbacks

Scale
1.4 billion people without access to electricity
3 billion with out access to modern fuels or technologies for cooking and heating
900 million people without access to safe drinking water
2.6 billion do not have sanitation
900 million people are chronically hungry
2 billion people lack food security

EWRI 2013
Slobodan P. Simonovic
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Challenges Western

IWRM
. “Process that promotes the coordinated development and management of
water, land and its related resources, in order to maximize the resultant
economic and social welfare in an equitable manner without compromising the
sustainability of vital ecosystem.”
Global Water Partnership

GUIDING PRINCIPLES
L L J ! v

Systems view|| Integration || Partnership || Participation || Uncertainty || Adaptation Science

Systems view
= Complexity
. Whole system approach
= Difficult to translate into government policy making processes
=  System structure

-~ " Feedbacks
W *  System behavior
' : EWRI 2013

' __,g,.-‘*y Slobodan P. Simonovic
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Modelling framework Western

= Requirements
= Ability to address complexity
= Structure — interconnections -
feedbacks
= Variability in time and space

=  Qur focus

§=1(s)

Operational and Institutional
Environment (ORR)
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Modelling framework
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End-User
Y
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Component 1: DY S CAL SYSTEM

Modeling methodology: Hydrologic Model - G =fit)
Water Quality Model- DO, BOD, C*
Hydrodynamc Model - H = Hit}
Reservoir Operation Wodel

v

Component 2: OPERATIONAL RULES AND REGULATIONS

Modeling methodology: Agent-based Simulation
Coalitions forming
Allocating scarce resources
Negotiations
Argumentation

vt

Component 3: SOCIC-ECONOMIC ENVIRONMENT

Modeling methodology: System Dynamics Simulation

(Economic, Encrgy and Population scctors)
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Simulation Results

Y

System Optimization

Y

IWRM Action Plan

EWRI 2013
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O ‘ IWRM support

lllustrative example Western

Important River Basin Properties

Average precipitation 1000 mm/year
Average annual discharge 39.5 m3/s

78% Agriculture
Land use 9% Urban
12% Forest

Population 485.000

Upper Thames River Conservation Authority

EWRI 2013
Slobodan P. Simonovic
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lllustrative example

Western
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IWRM support

Illustrative example
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Modules of Hydrologic Model

stern

LEGEND

Junction

River reach

R560 -

Ly 640

\Etﬁ-‘!-[l
Yk

SubBasin

-
s
.

Reservoir

:
.. > fmio10

in2200

12200 .-

CrinPloverMillsSG

\mmm
N i ~ A inisa0 f},,.

juThamesfordSG Y-

R1910
inModwaySG s f ) R22\ jnCedarSG
Ty jni9a0 >
R1930 e

Byron

) LI B &
Sy LA s

PP R L 1 S 1 |

" |
| K-
By Moy o o

-L_] 0 /jjlﬂjca.eh\'il]c
\ | | mForks R:{_?,_S_

\ —
- | \ ", _
. = | R2440,4 L2430 R.,Uaa\__f_;[:?[]ﬂ.{l 5
nOxbowSGH L R2040 | \“_—ﬂ][m-;;;
79 jl'.lE'.l-llil:g5G'_;' . 1

R2120, Jnm 50
S s i S .
" jn22N = ’-: ;jn'\".-'a.uhm:lusc

1060 julngerscllSG

-‘.féjul'{cyno]t]sf'iﬂ

M0 300 360 420 480 540 600

60 1200 180
Time (days)

Computed

Gl r2( fn- =t
/ nDingmanSG
jnlttonSG

Schematic of Upper Thames Basin Hydrologic Model

EWRI 2013
Slobodan P. Simonovic




12

IWRM support

Illustrative example

28 Sub-basins = Actors
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Population, etc.
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n x m patches

Industry

Decision making process for
the water use agents

.

City
agent

Determine the water demand for
different agents

il

Water quality l

kv

Agricultural
water user

agent

Determine water source

)

Water source
agent

o

Calculate water stress

‘Water price

" Can the demand
be satisfied?

agent

Water consumption

I l Water supply during drought I

hv2

Agent complete/partially
satisfied in this time step

Source with next preference

yay

Agricultural
agent

Determine plant grewth

b !

Determine pest growth

)

Determine harvest

|
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lllustrative example | Western

Fopulation _decline_rate F'npulatinrgrmnrth_rate
- é Populationj« R

Pop Gr or Dc Rate

Fay
£ ithdrawals_to_availability]
o

Water_Stress_Multiplier
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lllustrative example Western
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Summary

= |WRM
= Water —food — energy nexus
= Systems approach
= Variability in time and space
= Modelling framework
= Physical models

= Agent —based model
= System dynamics simulation model
= Work in progress
=  Domain-specific models
= Dynamic data exchange
= Definition of agents (rules and
chracteristics)
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Resources Western

www.slobodansimonovic.com

EWRI 2013
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