_Digital Transformation

International Association for Hydro-Environment Engineering and Research (IAHR)
strives to deliver the global hub of knowledge and innovation for holistic water
engineering; and is committed to advancing water science, engineering, and

environmental solutions.
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Digital Transformation

This survey aims to gather insights from IAHR institute members to inform
a report on digital transformation to be presented at the 415t IAHR World
Congress in Singapore 22-27 June 2025.
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_Digital Transformation

The report will explore the opportunities, challenges and risks
organizations face when transitioning from traditional hydro-environment
management approaches to digital systems.
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_Digital Transformation

By analysing these responses, we hope to create a valuable resource that
outlines best practices, highlights institutional needs, and provides
actionable recommendations for hydro-environment engineering in a

digitised environment.
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OVERVIEW

Data, Remote sensing, Earth Observation

Open-source
community

Booming space
industry

Increasing Machine Learning
Computing Power Al

Image source: https://geospatialworld.net/
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Overview

* Collection of data about Earth's physical, chemical,
and biological systems via satellites and other
technologies.

* Mainly LIDAR, Thermal, Optical and Radar sensors

* EO data primarily used for:
* stand-alone data products and monitoring
systems
e parameterization, calibration and validation
e data assimilation
* input for digital twins

* EO technology beginning to fulfill its promise
* Potential > Operational services

OO

Imagery Coastal vegetation Elevation Urban Leaf Area Index
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BENEFIT Vs RISK

Data, Remote sensing, Earth Observation

Benefits

 Near real-time — satellite observations available
minutes to hours after satellite passes by

* High-resolution — spatial detail and temporal
frequency continuously increasing

* Scalability - can cover large areas and data pipelines
can be reused

e Cost-effectiveness — often much cheaper than
collecting in-situ data, lots of open-source data

* Transparency — observations are often easily
interpreted/communicated and can validate modelled
outputs
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Challenges and Risks

* Not a replacement for in-situ data — should
compliment and enhance in-situ data collection

* Data access - can be tricky/complicated to establish
and maintaining data flows

* Scalability — sometimes developed EO solutions do not
transfer well to other regions, especially when using
ML/AI. Also, commercial data can be expensive.

* Vulnerability - by nature, all space technologies are at
risk of being damaged

* Weak predictive power — cannot base future scenarios
on past observations alone — need for modelling

IAHR.org
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Where should we focus our efforts?
* Enhance cross-disciplinary collaboration to fast-track integration of EO data

* Pick the low hanging fruits: integration of vast open-source data archives with refined EO products
* For example: Microsoft Planetary Computer, Hydroweb, Copernicus, NASA, Google Earth Engine etc.

* Take advantage of data synergies
* For example: combined use of Altimeters, Optical and Radar imagery for water resource monitoring

* Highest impact in ungauged river basins and ‘data sparse’ regions

What innovations/trends should we keep an eye on?

» Surface Water and Ocean Topography (SWOT) mission (https://podaac.jpl.nasa.gov/SWOT)

» SpatioTemporal Asset Catalogs (STAC) for standardized geospatial data accessibility (https://stacspec.org/en)

 Earth Observation Foundational Models (https://developmentseed.org/blog/2024-11-01-geofm/)

IAHR.org
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OVERVIEW Data, on-site sensing, Internet of Things

« Extreme events resulting in significant droughts or floods, population growth, and low
water quality contribute to environmental disasters;

« Access to clean water (water distribution systems): intermittency or lack of water,
leakages, inefficiencies, deteriorating infrastructure, demand/cost issues, and energy
wastage;

« As the population increases, wastewater also rises;
- Drainage systems: issues with overflow and low efficiency;
« Groundwater: challenges related to availability, quality, and costs;

« Rainfall predictions: potential for both excess and insufficient water leading to
disasters.

* Proposed solution: implement water management systems that utilize data, on-site
monitoring, and Internet of Things (loT) technology

IAHR.org
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Benefits

* Real-time water monitoring;
 Ensure an adequate supply of quality water;

 Enhance the efficiency of wastewater
management and control;

« Manage rainfall effectively;

« Improve the accuracy and efficiency of
predictions;

* Increase availability of water;

* Long-term sustainability and improved
quality of life.

Challenges and Risks

* High costs;

« Adoption in developing countries;
« Data accessibility;

* Obstacles to equipment access;

* Replay attacks;

« Lack of integration - loT and IA techniques
for different applications; consistency;
standardization;

 Energy consumption.
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Where should we focus our efforts?

* Improving methods (sensing, data collection), enhanced architecture design;
« Comprehensive, low cost, low maintenance; low energy consumption;

- Data security;

* loT expanding the monitoring park in the most diverse fields of Water Resources;
« Accuracy in control — easiness to make decisions in real time.

IAHR.org



OVERVIEW Modelling

Hydraulic models describe &
mathematically or fisically the flow of “C

water in open channels, rivers, wetlands, Meteorology g
lakes, estuaries and coastal areas, among

other posible real environments.

Actual
simulations

Validation

Cover
Advance modelling is required where /

complex hydraulic calculations — ¢ :
must be achieved for decision making tha ~ selection  builging  Calibration

would otherwise be too complex to perform.
Hydraulic
properties

®

Future

simulations

Soil
The quality of a model depends entirely on its \
descriptive capacity of the real system, as
Hydraulic

well as its interaction with the data conditions
that define it and that are in the calibration
and validation process.
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When should we not do it? What should be careful
Why do it? What benefits? What gains? about?

* When modelling tools are not easy to use or integrate in
existing workflows.

* Enhancing predictive capabilities, leading to more

informed decision-making results.
* When data availability and quality are insufficient for

* Improving the ability to test multiple scenarios, developing reliable models

optimising strategies for hydro-environment

management. * When robust model calibration and validation cannot be

achieved.
* Providing deeper insights into complex systems,

improving accuracy in forecasting and planning. *  When Application of complex, high-resolution models is

hampered by computational resource limitations.
* Supporting real-time system representation,

enabling faster responses to operational changes
and unexpected events.

. Integrating environmental monitoring and impact What conditions/enabling environments need to be in
assessment. place?

* Robust data, computer capabilities and modellers

* When scaling is a challenge in developing a reliable
modelling strategy

* Proposing a strong tool for education and diffusion
of results

IAHR.org




Opportunity & Action ilele=gTe

» Slide to discuss: What do we need to do? Where should we focus our efforts? biggest
potential or bang for our buck? what innovations/trends should we keep an eye on?

 Understanding the fundamentals of models, to better interpret results and make informed decisions.

* Integrating climate change, to the boundary conditions of the models.

* Considering extreme phenomenon, in our models for global predictions.

* Collaborating with other experts to have a holistic vision of the results of the model.

* Maintaining a continuous data interaction: from the contextualization, across calibration and validation, until the last results.
* Interacting with other agents of digitalization: sensoring, monitoring, IA,

* Proposing open source models to increase holistic interactions

(LU |ntemational Assaciation
i for Hydro-Envirenment
E

IAHR.org




OVERVIEW Artificial Intelligence and Machine Learning

Al are needed to help water ﬁrofessionals make better, faster decisions about
water resources, mimicking the natural learning and information inference

- Artificial Intelligence (Al) is crucial in transforming the water sector by
enhancing operational efficiency and predictive capabilities.

« Predictive maintenance reduces downtime and repair costs by accurately
forecasting infrastructure failures,

« Al-driven analytics improve customer engagement, service quality and
system monitoring.

« Automating routine activities will allow a reduction of the operational costs

. Optémise water resources use and develop new services suited on users'
needs.

Current status of implementation

* Many apFIications at the process scale (few at the service level for
computational resources limitations)

« Many competing players with no clear winner for all the applications
» The potential of Al applications is clear, but the implementation path is not

IAHR.org
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Why do it?
» A better view of the future based on actual data
» A better understanding of monitoring needs

« Building a personal knowledge base about the
system

 Internal capacity building

What benefits? What gains?

» Enhanced systems and services efficiency
* Reduced operational costs

* More effective system maintenance

* Lower waste of water resources

When should we not do it?

* When system knowledge is insufficient

* When results have to be capitalised in a short
timeframe

What should be careful about?

« Data management

« Becoming overconfident in ICT

» Valuing the role of humans (ethical issues)

What conditions/enabling environments need to be in
place?

« Data availability and interoperability

« Technical and managerial capacity to guide the process

IAHR.org
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What do we need to do? Where should we focus our efforts?
* Invest in system knowledge

* Improve your monitoring and analysis assets

« Expand your information transmission network

» Secure your data and your experience about the system

Most significant potential?

» Substituting humans in routine operations

« Aggregating knowledge and summarising information from the system
» Real-time triggering of management plans or emergency actions

What innovations/trends should we keep an eye on?

« Al technical agents: specialised Als that can run technical tasks or “discuss” from different perspectives to
solve problems

« A(H)I - Augmented Human Intelligence: Al to support human intuition and creativity

IAHR.org



OVERVIEW Digital Twins

Examples of digital twins within hydro-
environment engineering

DT of sewer networks to enhance
operation, reduce CSOs, and improve
@ 3. Prescribe wastewater treatment
* DT of river basins for early warning of
floods and droughts and disaster
preparedness
DT of reservoirs to optimise operation,
enhance hydropower production and
minimise environmental impacts
e DT of coastal oceans to monitor
biodiversity and ecosystem health and
support sustainable management

@ 2. Predict

® 1. Monitor

IAHR.org
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Benefits Challenges and Risks

* More informed decision-making - enabling real-time * Lack of scalability and sustainability - require
scenario testing and optimisation significant computing power and infrastructure

e Faster response time - real-time detection and * Reducing human expertise and critical thinking - over-
forecasting of system changes reliance on digital twins for decision-making

* Optimise long term planning - simulating impact of * Scepticism or resistance from stakeholders - may limit
infrastructure changes before implementation adoption of digital twins

*  Maximise asset lifetime - providing detailed insights * Vulnerable to disrupted data streams - critical
into performance trends and maintenance needs dependency on real-time data

* Facilitate collaboration between stakeholders - * Long deployment timelines and increased costs -

providing a shared virtual representation of water
systems

* Enhance transparency and regulatory compliance - .
continuously tracking water system performance and
environmental impacts

integrating digital twins with existing systems is
complex

Stakeholder trust concerns - unintended
conseguences of automated decision-making based
on digital twins

IAHR.org
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Where should we focus our efforts?

* Al-Powered Digital Twins
v' Machine Learning models to enhance predictive analytics

v" New opportunities for advanced model applications such as optimisation, uncertainty prediction and comprehensive
scenario simulations

* Advancing use of remote sensing and Earth observation data
v' Access to far more comprehensive, frequent and high-resolution data than ever before

v’ Processing methods for extracting more complex and sophisticated insights from data are advancing with Al-based
algorithms

What innovations/trends should we keep an eye on?
e Hybrid Al — physics-based modelling

* Interconnected digital twins — from source to sea

* Destination Earth (Digital Twin of Earth) initiative

* Digital Twin of the Ocean initiative

IAHR.org




Digital Transformation

International Association
for Hydro-Environment
Engineering and Research

Haosted by
Spain Water and IWHR, China

THANK YOU

https://www.surveymonkey.com/r/Q37SDZ7

IAHR Survey: Digital Accelerators in the Water Sector

The Digital Transformation of the way we manage our water resources will re-shape our
saciety. International Association for Hydro-Environment Engineering and Research
(IAHR) strives to deliver the global hub of knowledge and innovation for holistic water
engineering; and is committed to advancing water science, engineering, and
environmental solutions.

IAHR prioritises Digital Transformation across the whole water cycle as a key strategic
direction. Together, the world's leading water institutes have the expertise, scope and
responsibility to help chart the most effective way to build a better digital future.

This survey aims to gather insights from IAHR institute members to inform a report on
digital transformation to be presented at the 41st IAHR World Congress in Singapore 22-
27 June 2025. The report will explore the opportunities, challenges and risks
organizations face when transitioning from traditional hydro-environment management
approaches to digital systems. By analysing these responses, we hope to create a
valuable resource that outlines best practices, highlights institutional needs, and provides
actionable recommendations for hydro-environment engineering in a digitised
environment.

LIS Iematona kssaviat This survey has 22-32 questions distributed on multiple pages. Thank you for your

Tor Hydro-En
E rering and R &l - . -
@ R patience and contribution.
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