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Water resources management (WRM) has evolved from simple supply engineering to a complex,
interdisciplinary field integrating hydrology, hydraulics, policy, economics, and climate science. It use the
technical and analytical tools developed by engineers to assess, design, distribut, and manage water
systems. The modern WRM balances water security, environmental sustainability, and socio-economic
development.

5.1 Data Collection and Monitoring Tools:

Before to start managing the water resources you must assess measure and track the availability and
quality of these resources, to do so you should use the below tools:

5.1.1 Hydrological monitoring systems: it is performed by:

Set of in situ sensors (Fr.Capteurs): to measure rainfall (rain gauges) , river flow (stream gauges),
continuous groundwater levels monitoring via piezometers and quality probes to measure (pH, turbidity,
dissolved oxygen in water).

Isotope Hydrology: Using stable and radioactive isotopes such as (e.g., tritium, O18) to trace water origin,
flow paths, and mixing (e.g., distinguishing surface water vs. groundwater recharge)

The use of large scale monitoring tool became a reliable tool that known as remote sensing tool.

Telemetry: Real-time data transmission via satellite or cellular/land networks for flood warning systems.
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5.1.2 Remote sensing: basically it cover the monitoring of large-scale variables: precipitation,
evapotranspiration, snow cover, soil moisture, and changes in terrestrial water storage. It is practiced by
the use of platfoerms such as ( GRACE, GPM, MODIS, Landsat….)

GRACE (Gravity Recovery and Climate Experiment): a set of satellites from NASA to monitor large-scale
groundwater changes all over the globe. It is a unique tool that allows us to very accurately detect where
and how much water is pumped from deep below – providing crucial data to support water management
and to determine if pumping rates might be unsustainable."

GPM (Global Precipitation Measurement): An international satellite mission ( from NASA) that provides
next-generation observations of rain and snow worldwide every three hours. The Core Observatory
satellite uses a Dual-frequency Precipitation Radar (DPR) and Microwave Imager (GMI) to study
precipitation structures and improve climate modelling.

MODIS (Moderate Resolution Imaging Spectroradiometer): data from Terra and Aqua satellites provides
high-temporal resolution (1–2 days) imagery crucial for water management, including monitoring surface
water extent, reservoirs, evapotranspiration), and flood/drought. It is widely used to map water quality,
track irrigation needs, and manage water resources.
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Landsat: a set of satellites provide crucial 30-meter resolution data for water management, enabling
monitoring of water consumption, surface water extent, and quality. By using index like and NDWI* via
Google Earth, managers can track drought, optimize irrigation, and map water bodies over decades.

*NDWI: The Normalized Difference Water Index (NDWI) is a satellite remote sensing index used to detect
and map open water features.

5.2 Modeling & Simulation Techniques/Tools (Prediction & decision support):

Models help understand complex systems, they are Used to simulate water systems and support planning
in order to predict the best scenario and to take decision without real-world trial.

5.2.1 Hydrological Models: there are many of models simulating rainfall-runoff processes that can be
classified in many categories such :

Lumped models (e.g., HBV, Tank model) which treat watershed (Fr. Bassin Versant) as a single unit. They
are simple, but less accurate for spatial variability.

Distributed models (e.g., HEC-HMS): Spatially explicit, grid-based, integrating land use, soil, and
topography. Better for land-use change scenarios.

Remarque: This an overall classification you can have detailed classification as per the purpose of the
study and the work.
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5.2.2 Geograpic Information systems (GIS) : serve as a foundational technology in modern water
management, providing sophisticated tools for spatial data analysis, modeling, simulation, and
visualization. By integrating geographical data—such as topography, soil type, and land use—with
hydraulic and hydrological models, GIS allows managers to simulate scenarios, predict future water
availability, and identify risk zones for floods and droughts.

Rainfall-Runoff Modeling: as a common example GIS is used with the Soil Conservation Service Curve
Number (SCS-CN) method to determine potential storm water runoff in a drainage area, mapping runoff
from watersheds. It has many application in this field of Rainfall-Runoff modelling you can not have a
reliable hydrologic simulation without the integration of a Digital Elevation Model (Fr. Modèle Numérique
de Terrain) build by a GIS tool like ArcGIS, MapInfo, and QGIS (open-source).

Flood Forecasting & Mapping: GIS integrates with 1D/2D hydraulic models (like HEC-RAS, MIKE SHE) to
simulate water flow and create flood inundation maps under different scenarios. For better results GIS is
integrated to 3D models that needs powerful calculating machine.

Water Quality Management: GIS maps pollution sources and models contaminant movement across
aquifers, facilitating tracking of water quality parameters.

Irrigation Management: Coupled with remote sensing, GIS models irrigation scheduling, monitors crop
evapotranspiration, and identifies areas for optimized irrigation, such as the FAO WaPOR portal.
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Water Distribution Simulation: Utilities use GIS tools like WaterGEMS to simulate network pressure, flow,
and identify leaks in real-time.

Watershed Management: Tools can automatically extract watershed boundaries, stream networks, and
calculate topographic factors like slope and aspect from Digital Elevation Models. E.g Aquaveo which is a
leading application/software for automated watershed delineation, hydrologic modeling, hydraulic
modeling, and floodplain mapping.

The GIS helps determine optimal locations for new water infrastructure, such as pipelines or treatment
plants. It aids in identifying high-vulnerability areas to minimize damage from extreme weather in an
other term it mitigate (reduced) disaster. It became a powerful data management tool in service of water
resources management by providing an easily updated, centralized, and spatial database.

5.2.3 Groundwater models: They are advanced modeling & simulation techniques used to analyze,
predict, and manage the movement of water and contaminants within aquifers. As critical water
management tools, they convert field data (hydraulic conductivity, storage, recharge) into a 3D digital
representation that can simulate future scenarios ( e.g MODFLOW) such as pumping impacts, drought
conditions, or contaminant spread—to support decision-making and sustainable water management.

Groundwater modeling provides a "reduced, abstract representation of reality" that enables scientists to
make science-based forecasts when information is limited, assisting with decision-making prior to
implementing expensive remediation schemes or water management policies
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5.3 Hydro Economic Models (HEMs) : They couple hydrological processes by simulating, optimizing and
evaluating water management strategies. They are crucial decision-support tools for assessing water
scarcity, climate change adaptation, infrastructure operations, and water-food-energy-environment. HEMs
integrate water availability, spatial infrastructure, and economic values, enabling policy analysis, water
allocation optimization, and long-term planning.

HEMs use optimization to identify "best" solutions (e.g., maximizing economic benefits) or simulation for
"what-if" analyses. These tools link hydrological processes (rainfall, runoff, groundwater, aquifer recharge)
with economic components (agricultural production, irrigation costs, hydropower revenue). The are useful
for designing drought adaptation strategies, regulating water prices, and optimizing reservoir operations.

They are a tool used to analyze the cost-effectiveness of measures like water trading, and irrigation
modernization. They help to identify compromises that maximize system-wide benefits rather than just
individual sector benefits (e.g., balancing irrigation with human water supply).

As a better tool to simulate water allocation, demand satisfaction, and agriculture. We have WEAP (Water
Evaluation and Planning) software/platform which is combined with economic models.
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5.4 Demand Management and Real-Time Operational Control: it focus on Water Auditing & Accounting
by quantifying water inputs, losses, and productive use (e.g., in irrigation districts or city networks), as result
the demand estimation will be more accurate. For future consumption Machine learning models are the new
invention to predict peak demand; by by learning complex, non-linear relationships between historical
consumption patterns and external drivers like weather, calendar dates, and socio-economic factors.

The use of SCADA (Supervisory Control and Data Acquisition): Remote control of pumps, valves, gates in
irrigation canals, water treatment plants, and reservoirs is a real solution for water resources management.

In developed countries The Automated Metering Infrastructure (AMI): Smart water meters with cellular or
radio transmission—enable real-time consumption monitoring, leak alerts, and time-of-use pricing.

5.5 Policy, Legal& Social Techniques:

Environmental Flow Assessment (e.g., ELOHA: Ecological Limits of Hydrologic Alteration): Determines flow
regime needed to sustain river ecosystems—set legally enforceable flow targets by using a mix of hydrologic
data and social processes. To do so you must compares altered (developed) flow regimes with baseline
(natural) conditions to determine the degree of hydrologic alteration. Then develops relationships between
flow alteration and ecological changes to predict the health of rivers. You should combine this finding with
social values to set acceptable environmental flow standards.
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Water Footprint Assessment (WFA): it is a systematic methodology used to measure and analyze the total
volume of freshwater consumed and polluted by human activities (Waterfootpring network 2026) by
defining the direct and indirect water use (blue = surface/ground, green = rainfall stored in the soil as

moisture, grey = pollution dilution volume). It is used to quantify water appropriation, assess
environmental impacts, manage resources sustainably, and identify opportunities for reducing water
pollution and consumption.

Remarque: Individuals can calculate their personal water footprint to understand their direct (e.g.,
showers) and indirect (e.g., food/clothes) water use, encouraging sustainable consumption.

Water rights and allocation frameworks: are legal and administrative systems defining who can use water,
how much, and for what purpose, crucial for managing scarcity. Key frameworks include riparian rights
(adjacent landowners), prior appropriation ("first in time, first in right"), and administrative permit
systems, aimed at balancing social, economic, and ecological needs. It is used to handle shortages and
ensure environmental sustainability.
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The emerging management tools nowadays are the Artificial Intelligente (AI) and the digital Twins which is
a Real-time virtual replicas of entire river basins or urban water systems, integrating IoT, AI, and physical
models. ( We will see in details these in last chapter of this course).

Problem Typical Tool/Technique

Flood risk mapping GIS + HEC-RAS (hydraulic model) + LiDAR topography

Drought preparedness SPI (Standard Precipitation Index) + demand forecasting

Aquifer depletion
MODFLOW + MAR feasibility analysis + remote sensing 

(GRACE)

Urban water leakage
AMI (Automated Metering Infrastructure ) + acoustic leak 

loggers + pressure management

Agricultural overuse Precision irrigation + volumetric pricing

Transboundary conflict IWRM + hydro-economic models + game theory

Example of Common Problems and their corresponding managing tools


