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Current Situation — Arid and Semi Arid regions
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Where Water Stress Will
Be Highest by 2040

Projected ratio of water withdrawals to
water supply (water stress level) in 2040
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(=80%)
B High (40-80%)
M Medium to high
| (20-39%)
B Low to medium
i (10-19%)
F Low (<10%)

Source: World Resources Institute via The Economist Intelligence Unit

e Economic, environmental and political impact
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Current Situation — technology unagauull alyoll naiio ‘%

Right now, the technology we have isn’t keeping up
with the demands for smart planning and
management of groundwater resources. We need
tools that are proactive, real-time, and allow
collaboration, but what's available doesn’t match
these needs.

While groundwater models are essential, keeping
them updated is challenging, leading to them
quickly becoming outdated and too complex for
non-experts to use

There’s a serious lack of visibility and predictability
in how we deal with this

This directly affects how long our groundwater can
stick around sustainably




ILMA solution goals
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To tackle water scarcity and the smart technologies use, our creation, ILMA, serves as a strong
solution for real-time monitoring, prediction, and decision-making about groundwater. This innovative

system has four main goals:

Data Management

¢ Real time data access
e Advanced statistics
* easy data export

Aquifer resources
Management

Sustainability
Managment

e Budget Management
e 3D views
e Automated Model Updating

e Lets users predict the GW
quantity and quality situation

e explore 'what-if' situations and
environmental impact

Transparency /
Collaboration

e Harmonized data sources
e Common decision support

These parts make
ILMA stronger, giving a
complete way to deal
with water scarcity
and handle lake-
related technology
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ILMA solution concept
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loT_based Smart
Groundwater
management system

Water

Hardware  DESSSSSSSEN [nformation MENEEEEEEEEN  Software
System

Sensors Data collection and visualisation Hydrological Models

Source : Manel ENNAHEDH, Mohamed RAIJHI,
Fakhreddine MRABET, Hamza ESSAYAH, Ahmed
AOQOUITI , ‘A concept for the application of integrated
digital technologies to enhance intelligent
groundwater management systems: ILMA solution’ ,
The 3rd Mediterranean Geosciences Union , Istanbul
,Turkey
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ILMA solution concept : Hardware wnagaaull alyoll uaiio ‘E

This includes sensors for data monitoring (GWL,
GW quality, Climate data) and sensors adapters
for collection, conversion and transmition of data
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Al algorithm to monitor and
predict water resources using
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ILMA solution concept : Water information system

Data collection , traitement and
visualisation : This is a data
integration  architecture that
hosts all data, including sensors
data (real time data) and data
from models simulation
(prediction), This setup allows for
the real-time Vvisualization of
various parameters and the
issuance of alerts.
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Mobile application’s interface

remote control
o .
Monitor‘ing Motifications

Alert

i N Moderate use of water well.
Alert and Intervention before the overexploitation

Aquifier State

< Saturated aquifer
State of the aquifer compared

- Predection
to region

Prediction
Groundwater Data

-3652.2 ntu

31072022
302022

@ Water well will run out in 10 years.



ILMA solution concept : Water information system

1.Installation of the mobile
application by the customers
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2. Installation of sensors in the
wells of our customers
Installation of the Box
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3. ILMA monitoring tools

Data

R 47 %@ 22012

On the map

7 ntu
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ILMA solution concept : Software
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This includes modelling and analytics (forcasts) for support services and decision

support system : Surrogate model

Surrogate Model

Inputs

Numerical Model

Outputs

Geometric data

Climatic data

Pumping data

Y

A

Coupling
relationship

Water Level

Storage

Piezometric data

Machine learning Model

Flow direction
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ILMA solution concept : Scenarios

Calculate extraction
effects and
maximum

extraction volumes

: to ensure
Assess the impact of sustainability

climate change on
GW guantity and
quality

Assess the impact of
future demand
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Understand impact
of artificial recharge
in a specific point

Identify sources of
contamination



saudi water forum

Use Case 1 : Surrogate Modeling ,Mornag Plain Aquifer, Tunisi@,m.qwlmm‘\

General location ‘,'_._»_ 3
map of the study &

area (Geographic

Information System)

3D shape of the Mornag aquifer
model calibrated (Groundwater
Modeling System)
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Source : M. G. C. A. Cimino; Manel Ennahedh; Federico A. Galatolo; Nejla Hariga-Tlatli; Issam Nouiri; Nicola Perilli; Jamila Tarhouni., "A machine learning approach for groundwater modeling,"
2022 IEEE Sth International Conference on Sciences of Electronics, Technologies of Information and Telecommunications (SETIT), Hammamet, Tunisia, 2022, pp. 299-304, doi:

' 10.1109/SETIT54465.2022.9875601.




Use Case 1 : Surrogate Modeling ,Mornag Plain Aquifer , Tunisia gauuiauoiaiic

Workflow of groundwater

NEW MODEL
TO GENERATE

NEW DATA
AVAILABLE

< GENERATE
SENSOR DATA

DISCHARGE PIEZOMETRIC
SUFFICIENT AN il
DATA? SOURCES

HYDROGEOLOGIC
: DATA

- DISCARGE/RECHARGE SOURCES
- PIEZOMETRIC DATA
- HYDRODYNAMIC PARAMETERS
- ACQUIFER GEOMETRY & BOUNDARY CONDITIONS

DISCHARGE
RECHARGE
PIEZOMETRIC SOURCES
DATA

MODEL
MODEL _~ ACCURATE?

DEVELOPED
YES

TRAIN THE OPTIMIZE
- MODEL ACCURACY I MODEL I YPERPARAMETER

PERFORMANCE OF THE DATA-DRIVEN MODEL
Output Training Validation Testing
P MAE mt MAE mt MAE mt
Flow front face 0 000287 0 000320 0 000305

Flow lower face 1.626 1.794

Modeling : Modflow + CCN

THEMATIC
MAPS VIA GIS

ENERATE
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CONCEPTUAL
MODEL VIA GMS

M PHTE
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Input: recharge rate , pumpmg WES

hydraulic head level (output, target, abs error)

Source : M. G. C. A. Cimino; Manel Ennahedh; Federico A. Galatolo; Nejla
Hariga-Tlatli; Issam Nouiri; Nicola Perilli; Jamila Tarhouni., "A machine
learning approach for groundwater modeling," 2022 IEEE 9th International
Conference on Sciences of Electronics, Technologies of Information and
Telecommunications (SETIT), Hammamet, Tunisia, 2022, pp. 299-304, doi:
10.1109/SETIT54465.2022.9875601.



Use Case 2: LSTM model , the Mornag Plain Aquifer , Tunisia .o.unatonwsiis
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Dataset Sample Overview
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Source : Tfifha, Y., Ennahedh, M., Debbabi, N. (2024). Artificial Intelligence-
Based Decision Support System for Groundwater Management Under
Climate Change: Application to Mornag Plain in Tunisia. In: Chenchouni, H.,
et al. Recent Advancements from Aquifers to Skies in Hydrogeology,
Geoecology, and Atmospheric Sciences. MedGU 2022. Advances in Science,
Technology & Innovation. Springer, Cham. https://doi.org/10.1007/978-3-
031-47079-0_4.



Use Case 2: LSTM model , the Mornag Plain Aquifer , Tunisia .
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Piezometer

RMSE of all piezometric stations using data from 2013 to 2015.

=== Piezomtric level impaced by RCP &5
—— Piezomtric level impaced by RCP 4.5
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A sample of the forecasting results under RCP 4.5 and 8.5 of “Ben Saad”
piezometric station

Source : Tfifha, Y., Ennahedh, M., Debbabi, N. (2024). Artificial Intelligence-Based Decision Support System for Groundwater Management Under Climate Change: Application to
Mornag Plain in Tunisia. In: Chenchouni, H., et al. Recent Advancements from ‘Aquifers to Skies in Hydrogeology, Geoecology, and Atmospheric Sciences. MedGU-2022.

Advances in Science, Technology & Innovation. Springer, Cham. https://doi.org/10.1007/978-3-031-47079-0_4.
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Real time visibility and predictability over groundwater resources

i

Single “source of truth” for groundwater regulators, planners, managers and users

i

Groundwater models

e Are updated automatically real time
e Become management tools
e Outdated models become an asset again

Planners, managers and users can easily assess quantitative and qualitative impact of decisions — run
“what-if” scenarios

i e M

Cost savings — between 5X-10X over traditional groundwater management processes
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