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CONTEXT

STEP 1: FORMATION OF A CUT-OFF LOW (Upper Atmosphere)
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STEP 2: COLD AIR INTERACTION (Lower Atmosphere)
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STEP 3: INTENSE PRECIPITATION & CONVECTION
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STEP 4: TYPICAL DANA EFFECTS

(A Mediterranean Example)
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Also known as a cut-off low or cold drop, is a meteorological phenomenon that causes extreme downpours and flash floods.



CONTEXT

771.6 MM

Acummulated rainfall in 24 hours (AEMET)

“DANA” PHENOMENON (VALENCIA, OCT 2024)
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PROJECT OVERVIEW
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1. Massive Ingestion

Capture of over 200,000 unstructured messages during
critical events.

2. Semantic Processing (NLP)

Identification of hydrological phenomena (floods, levels,
discharges) via RAG models.

3. Georeferencing

Transformation of citizen perception into structured and
validated hydrological data.

4. Early Warning

Anticipation of peak flows recorded by physical sensors.
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PROJECT OVERVIEW VS TRADITIONAL WORKFLOW
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GENERAL ARCHITECTURE AND STUDY AREA

Operational Platform

Intuitive, user-centric
decision-making dashboard
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fluid dynamics simulations
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SWAT+ MODEL CONSTRUCTION AND CALIBRATION
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Example of geographical layout and computation

method of SWAT+gwflow. (Castellanos-Osorio et al., 2025)

Input

Weather data

DEM

Land uses

Soil

Aquifer thickness

Aquifer permeability

PEST +

Model Ind

d

L g

(White et al., 2020)

Resolution

5 km x 5 km

25mx25m

100 m x 100 m

250 m x 250 m

250 m x 250 m

Vector polygon

& Uncertainty Analysis

Source

Spanish National Meteorological Agency (AEMET)

National Geographic Institute of Spain (IGN)

CORINE Land Cover 2018 (CLC)

Digital Soil Open Land Map (DSOLMap)

ISRIC World Soil Information

GLobal HYdrogeology MaPS (GLHYMPS)

PEST++ Sen
(Morris GSA, 1991)

PEST++iES

(iterative Ensemble Smoother)

(White, 2018)



IMAGE VELOCIMETRY (LSPIV) FOR CONTINUOUS MEASUREMENT

Survivability

‘ Operability guaranteed during
w extreme flows that destroy
limnimeters and submerged probes.

ot Optical Precision
5 -'.'. —» Calculation of surface velocities and

/‘ *’o. flows using tracer tracking algorithms
(FUDAA-LSPIV).

loT Connectivity
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KQ Continuous transmission via low-

@ power networks towards edge
computing.




PRELIMINARY RESULTS
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SWAT+ MODEL - MAGRO RIVER BASIN [1]

Magro River Basin (Requena 8060)
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SWAT+ MODEL - MAGRO RIVER BASIN [1]

Piezometro0824005 - Observed vs Simulated (Common period)
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*Results from the first calibration hypothesis: streamflow + gwhead
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SWAT+ MODEL - MIJARES RIVER BASIN [2]

Mijares River Basin (El Terde 8030)
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SWAT+ MODEL - MIJARES RIVER BASIN [2]

Piezometro0806112 - Observed vs Simulated (Common period)
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Piezometro0805005 - Observed vs Simulated (Common period)
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FUDAA-LSPIV ANALYSIS- MAGRO RIVER BASIN

Nombre del video Duracién
aigualert_c01s1_56.mp4 26/05/2026 11:56 27.156 KB 0:01:00 1920x1030 25 1
aigualert_c01s2_56.mp4 26/05/2026 11:56 6.272 KB 0:01:07 1600x904 25 1
aigualert_c01s1 03.mp4 26/05/2026 12:03 29.274 KB 0:01:04 1360x768 25 1
aigualert_c01s2_03.mp4 26/05/2026 12:03 6.293 KB 0:01:01 1280x720 25 1
aigualert_c01s1 05.mp4 26/05/2026 12:05 2.522 KB 0:01:01 640x360 25 1
aigualert_c01s2_05.mp4 26/05/2026 12:05 775 KB 0:01:02 384x216 25 1

[Eereatsoce

Nombre del video Duracién Calidad Segundos analizados Q(m3/s) Vel. Med. (m/s)
aigualert_c01s1_56.mp4 26/05/2026  11:56  27.156 KB 0:01:00 1920x1080 25 1 5seg /seg5 asegl0 0,072 0,267
aigualert_c01s2_56.mp4 26/05/2026  11:56 6.272 KB 0:01:07 1600x904 25 1 5seg [/ seg5 asegl0 0,052 0,193
aigualert_c01s1_03.mp4 26/05/2026  12:03  29.274 KB 0:01:04 1360x768 25 1 5 seg / seg5 a segl0 0,085 0,315
aigualert_c01s2_03.mp4 26/05/2026  12:03 6.293 KB 0:01:01 1280x720 25 1 5seg [/ seg5 asegl0 0,088 0,325
aigualert_c01s1_05.mp4 26/05/2026  12:05 2.522 KB 0:01:01 640x360 25 1 5seg /seg5 asegl0 NaN NaN
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FUDAA-LSPIV ANALYSIS- MAGRO RIVER BASIN [1]

Nombre del video Hora Tamafio Duracién Calidad FPS Posicion Segundos analizados Q(m3/s) Vel. Med. (m/s)
aigualert_c01s1_56.mp4 26/05/2026 11:56  27.156 KB 0:01:00 1920x1080 25 1 5seg /seg5 asegl0 0,072 0,267
aigualert_c01s2_56.mp4 26/05/2026  11:56 6.272 KB 0:01:07 1600x904 25 1 5seg /seg5asegl0 0,052 0,193
aigualert_c01s1_03.mp4 26/05/2026 12:03  29.274 KB 0:01:04 1360x768 25 1 5seg /seg5 asegl0 0,085 0,315
aigualert_c01s2_03.mp4 26/05/2026  12:03 6.293 KB 0:01:01 1280x720 25 1 5seg /seg5asegl0 0,088 0,325
aigualert_c01s1_05.mp4 26/05/2026  12:05 2.522 KB 0:01:01 640x360 25 1 5seg /seg5 asegl0 NaN NaN
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*Validation with Requena gauging station (8060) for the same day
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NEXT STEPS...

Mechanistic Limit:
SWAT+ defines the
irreducible physical
laws of the basin.

ﬁybrid Cognitive Engine

LSTM

o Real-Time Correction
Historical Error

~

J

Correction

SWAT+ Mechanistic Limit

Instantaneous
Recalibration

AVAVAVAV.

Real-Time Correction:

LSTM assimilates
historical errors and
adjusts predictions.

J
|rreducnble Physical Limit ‘
A
Ground Truth Instantaneous Recalibration Ground Truth
LSPIV o Social
\ Cameras *a) | sensors

A AIGUALERT

LIVE LSPIV VELOCITY

Avg. Velocity: 2.4 m/s

Ground Truth:

LSPIV cameras and
social sensors audit
results and inject
emergency data,
forcing instantaneous
instantaneous system
recalibration.

SOCIAL SENSING ALERTS

Valencia

Heat clusters + high user reports

Interface Features

User-Centered Accessibility

Synthesis of data overload into intuitive
visualizations for managers not necessarily
experts in modeling.

Interoperable Alerts

Bidirectional notifications compatible with
municipal networks and emergency
standards (ETSI).

Homogenization

Democratization of cutting-edge technology
for all Hydrographic Confederations,
eliminating the technical gaps of the SAIH.

PREDICTIVE SWAT+ HYDROGRAPH

[T e |
| Peak Flow Alert
k135 m?¥/s | 18:00 |

09:00 18:00  22:00
— Simulated — Predicted
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CONCLUSIONS

1)

Hydrological systems of the future must be predictive, not merely observational

2)

The integration of physical models and artificial intelligence offers very promising
opportunities for improving hydrological risk management

3)

SWAT+ can play a key role as the physical core within these new digital twin
architectures
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THANKS FOR YOUR ATTENTION

Any questions or suggestions are welcome!

gadjcastellanos@ucam.edu
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a) Morris Sensitivity Analysis - SWAT+gwflow
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