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Integrated Water Resources Management (IWRM)
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Integrated Water Resources Management in an
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Required: robust and fast but nonetheless rigorous models




APPM: A Tailor Made new Approach for IWRM in an Irrigation
Dominated Arid Environment

Fundamental
improvement of
water use efficiency
and water guality in
irrigated agriculture

Integrated water
management and
optimal long-term
planning in a changing
environment

A modern pipeline
system (water-backbone)
for optimal water
distribution

objectiveg

Combining process

o
Maore cro R
= models and artificial

per drop”
Substantial rise in
farmers income

intelligence for easy
use and robust

Assessment-,
Prognosis-,
Planning- and
Management
Tool

operation

Pushing back
saltwater intrusion:
Stop rural migration
into cities: Safeguard
the traditional rural
society

Inclusion of climate
change by stochastic
risk assessment

Sustainable planning Sound rigorous
options for best climate mulVicrieraland
change adaption to multidimensional
protect Oman’s unique optimisation
environment



A new Generation of Tools for IWRM Implementation and Operation

Tool & IWRM development

Monitoring

!

!

/ APPIM Prognosis: Future Global Change scenarios \

B A

Assessment : Wastewater :
Water Resources Availability 1 Management 1 Water Demand

Surface and Subsur- Water supply Agriculture
face Water Module ’ Potential and actual
water use
Irrigation Module

Groundwater Module & \

Water Productivity —
of Agriculture

e

Optimisation and Management Tool ]

Robust Simulation
Tool of Water Resour-
ces System (ANN)

Management:
e optimal and sustainable management strategies of water resources

e operative optimal control of the technical system
Qanning: Evaluating the effects of planning scenarios for a most beneficial policy/

Decision Making: Objectives, Management Options, Constraints, etc.

|

|

Socio-economic Development




APPM - Assessment Prognosis Planning and Management
Tool:

r resources assessment
Water resources avglla‘%?ltﬁy Water consumers

* Meteorology and regional . : :
gy g Stochastic Planning scenarios

climate change series of @ maximum benefits

< historic rainfall time series water use - minimum costs

& local model of climate development _
 target performance comparison

* Integrated Catchment modelling

 Identify the biggest potential to
e Constructional measures improve water use efficiency ?

« Consequences of operations

* Restrictions:

Stochastic series :
of groundwater e.g. sustainable yield security of supply

recharge




APPM - Assessment Prognosis Planning and Management

« Meteorological conditions Actual data

& gctual data

Tool:

b) optimal operation

Water consumers

* point tracing of actual consumption
of water use ° State of plants, soils

 target performance comparison

& |ocal model of climate development « maximum benefit ?

e Catchments

% Most beneficial operation e.g.
irrigation control,

& actual data from groundwater level

Actual and
predicted state of
water resources

Optimized operation with respect

to a most desirable reservoir

management (e.g. aquifers,

recharge basins) “Best” management
& Comparison of planned and actual state
< Optimal Backbone operation:

water allocation (pumping, storage)




The APPM Climate Module:
Analysis of Present and Future Climatologic Conditions

Step | — Setting Up a Regional Climate Model (RGM)

Global Climate Models (GCM)
Spatial Resolution:
Resolution of GCM-Output is too Regional Climate Models (RGM)

coarse for the assessment of * higher resolution compared to GCM

regional impact from climate change » consideration of relevant processes

= appropriate
for assessment
of regional climate

Downscaling

Validation of GCM-Results -
Comparison with measured Values:

Reanalysis of the historic climate
differs considerably due to
GCM physics and setup




Water Resources Assessment

Rainfall: Analysis, Areal Precipitation and Stochastic Simulation

Mountains

Surface Water 1:

Catchment
Modelling
in the
Mountainous Area

—
-

Foothills Coastal Zone

Surface Water 3: Link to
Direct Recharge due to Rainfall Component 3

I Coastal Zone

Agriculture

Surface Water 2: Indirect Recharge Abstraction
due to Wadi Runoff & Recharge Dams || & Percolation

from Irrigated Areas
|
+ :

Groundwater Module

Subsurface outflow Q_ = inflow Q,

sub—

Mutual Verification of Surface Water and Groundwater Module




Water Resources Assessment — Surface Water

Estimate of upstream inflow to the groundwater model domain

Raster based calculation of recharge

APLIS - Recharge rates Areal Precipitation
in % of annual precipitation in mm/a
based of geomorphology based on observed data

Recharge Volumes

in m3/a
Recharge rate * Areal P

Calculation of water use in mountain oases

according to
« Barka WAA report (MWR, 2000): related to WAA
* Aflaj Inventory Summary Report: related to wilayats)

— Water use about 15 % of mean annual precipitation

Recharge Volume
per Recharge Area
Recharge Areas — based on

surface watersheds and
assumptions on hydrogeology

addition of raster based
Recharge Volumes

water yield per recharge area
= recharge — water use

Inflow to GW model domain

mean annual values — based on
precipitation 1995 - 2006




The APPM Groundwater Resources Module:

Modelling as a basis for sound assessment

Density driven flow Saltwater intrusion




Restrictions and Input: Results: max. yield, optimal

available water volume schedule

minimal time between (number of irrigations, dates,
volumes, intensities, irrigation

outer optimisation algorithm (growth period)

date lvolume date l volume
. L . number of . ST .
inner ﬂptll'l'lliﬂt!ﬂl'l ?Igorlthm irrigations N inner optimisation algorithm
water application1 L water application N o
y r'y r'y

\

Genetic Algorithm
&
Artificial Neural Networks

.
|
!

inflow, cut-off time

inflow, cut off-time

application efficiency _a pplication efficiency

crop vield
) " ~
§ | r— T ot -

N O 1 New automatic &
cheap water saving
device

t-‘

Optimum Efficiency
& i)
Simple Application .  best yield & optimal water
g 7 . use efficiency for farmers

/



Agriculture: Integrated Water Resources Management: Pilot Area

Most beneficial and
sustainable Irrigation
operation and

Profitable and
Sustainable

7 |*Recovery of
Groundwater Levels

* Stopping Saltwater
Intrusion by Intelligent
Aquifer Management

.

» Simple automatic
irrigation device

* Less water
consumption and

Technical realisation by
Water-Backbone:

higher yield
* Increased productivity
« Included: climate « Extraction of ground- |
change uncertainties water at suitable sites |
S * Water of better quality
Meteoroloag delivered to ";
=1 ([ ecion waking: ectives, Management Optns, Consrans .| 4 consumers

*Intelligent aquifer
Optimal Water Distribution management by

R e =t optimal reallocation of
' water resources

*Wastewater treatment
and re-use

Long-term Planning and
Operative Control




The APPM Water Resources Module:
Assessment of Groundwater Recharge and Aquifer Management

Management of interacting nonlinear processes

Y rainfall

Current
surface runoff groundwater extraction irrigated agriculture
unsaturated zone (flash floods) recharge TR (0 (water demand)
coastline
saturated infiltration —* —== : /XN ilﬁ:
zone 5 ]

groundwater

table saltwater

intrusion



Water Resources Assessment

Legend

Bani Kharus . \ Vel Tavpe Wiadi channels

] sw model domain
: Study area
[ ] sauged catchments
smm— Rccharge Dams
infiltration from wadi stream bed
- Maawil - downstream dam

- Maawil - upstrecam dam

Bani Kharus - ds. dam
m Bani Kharus - us. dam

Upstream Boundary

e Maawil plume

o \Nadi Bani Kharus

L wadi Maawil

B B:ani Kharus to Maawil-Plume
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Data Analysis & Processing, Research & Development
NEW TAILOR MADE APPROACHES



NEW APPROACH FOR OMAN'’S WATER MANAGEMENT

Ovtimal Decisi Best solutions for different goals :
e e sustainability, water saving, high

heey benefit for farmers

Management need ownership via active participation &
capacity development

Reliable and simple management tool
Autonomous Water & databank for routine application -

NEW sowno} SYNTHESIS OF
ANN: Artificial Physically based
Neural Networks: 4+  models: better for
fast & simple use Global Change
Artificial Intelligence 4  Innovative, tailor
& optimal irrigation made multi-objective

via automatic device optimization







