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Lumped model

Semi-distributed model
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INTRODUCTION

Thesis kick off

Iber 1.0

Flumen

CARPA

2010

Dam Rain raster Water quality Fluvial NO”'NGWTONO” IberPlus
breaching + hdbitat fluids
Infiliration models
+

DHD scheme

. Sediment
Hydrodynamics + fransport + Turbulence

Collaboration between the Centre for Hydrographic Studies (CEDEX), GEAMA, Flumen and CIMNE. Supported by the Spanish Administration
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MOTIVATION

Scarcity of works that explicitly study the relationship between Scarcity of experimental data and numerical simplifications to
include hydrodynamic computations at basin scale.

mesh sizes and DTM resolution, and their impact on the result.

3-7 parameters
per element
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Scarcity of works that explicitly study the relationship between
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MOTIVATION

Models limited by not being able to include the presence of
reservoirs and dams in the numerical modelling.
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MOTIVATION

Need of reduction in uncertainty through the application of
calibration techniques

3-7 parameters
per element
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OBJECTIVES

MAIN OBJECTIVE

To contribute to the development of the hydrological module of the lber model.

Iber
2024
IIIIIIIIII#

To complete the capabilities
of Iber for hydrological
modelling at basin-scale

SPECIFIC OBJECTIVES

Specific Objective 1 (SO1): To evaluate the impact of Digital Terrain
Model (DTM) resolution and mesh size on the result.

Specific Objective 2 (§02): To evaluate the suitability of the Iber model
in simulating anthropogenic modifications within natural catchments. To
develop a dedicated reservoir module.

Specific Objective 3 (SO3): To explore the application new calibration

techniques. To develop an automatic calibration tool to provide Iber
modelers with flexible calibration options.
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CHAPTER 02 CHAPTER 03 CHAPTER 04
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W ArticLe 01

DTM AND MESH RESOLUTION

_:]\ ARTICLE 01

Journal of Hydrology

Todel and

Garcia-Alén, G., Gonzdlez-Cao, J., Femndndez-Noévoa, D., Gémez-Gesteira, M., Cea, L. &
Puertas, J. (2022). Analysis of two sources of variability of basin outflow hydrographs computed
with the 2D shallow water model Iber: Digital Terrain Model and unstructured mesh size. J.
Hydrol. 612, 128182. https://doi 0.1016/jjhydrc .12

In collaboration with
» Environmental Physics Laboratory

Ephysiab  Universidade de Vigo
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DTM AND MESH RESOLUTION

CASE STUDIES

Focus on diversity among the selected basins. 1) SADA

Watershed

Sada

Landro

Caldo

Izas

Genil

Location

North-western
Spain

North-
western Spain

North-
western Spain

North-Eastern
Spain

Southern
Spain

Area
(km?2)

25

199

38

0.33

3750

Mean
slope

©)

15

20

16

2) LANDRO

Average
annual
maximum
daily precip.
(mm)

Alitude  Average
annual
precip.
(mm)

range
(m.as.l.)

0-190 1300 66
0-1033 1400 61.8
370 - 1200 1800 41
4) 1IZAS
2000 36

500 428

Spain
5

Improving the capabilities of 2D shallow water models for hydrological applications - Doctoral thesis defence

[ Se—

June 2024

J\ ARTICLE 01

Journal of Hydrology




4. Research development

CHAPTER 02

DTM AND
MESH RESOLUTION

W ArTicLE 01

DTM AND MESH RESOLUTION

PURPOSE

Does the mesh size affect the outflow hydrograph of the catchment?
And the DTM resolution?

METHODOLOGY
7 rainfall events in 4 hydrological basins

9 model configurations were run for each event by combining
3 freely distributed DTMs with 3 different mesh sizes.

Coarse Medium

Mesh size

Watershed
(m)

Landro

Genil
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Landro

Number of
elements (K)

116

Mesh Id.

Coarse
Medium
Fine
Coarse
Medium
Fine
Coarse
Medium
Fine
Coarse
Medium
Fine
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DTM AND MESH RESOLUTION

RESULTS

Result of DTM0S and fine mesh was taken as reference and compared with the observations for validation.

0411120

— Simulated —— Ol
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DTM AND MESH RESOLUTION

RESULTS

Vertical accuracy is more relevant than the horizontal resolution of the DTM.

For DTMO5 and DTM25, we find good results from a mesh resolution threshold close to 25 m

In comparison with the fine mesh, the use of the medium mesh results in a reduction of 90% on the calculation time.

100 150 200
Mesh size (m)

Ilzas

Event 1
lzas

150 200

Mesh size (m)

Caldo

® landro ® Geni

—e— DTMO05  =—A-*
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W AricLe 02

HYDRAULIC STRUCTURES: FLOW OVER WEIRS

[ ArTicLE 02

Mc:delling Weirs in Two-Dimensional Shallow Water Models

Gonzalo Garcia-Alén * ), Olalla Garcia-Fonte, Luis Cea ', Luis Pena and Jerénimo Puertas

Garcia-Alén, G., Garcia-Fonte, O., Ceaq, L., Penaq, L., Puertas . ing Weirs in Two-
Dimensional Shallow Water Models. Water 13.
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EXPERIMENTAL WORK

[ ArmicLE 02

s

hodelling Weirs in Two-Dimensional Shallow Water Models

Gonzalo Garcia-Alén * ), Otalla Garcia-Fonte, Luis Cea ¥, Luis Pena and Jerénimo Puertas

W1 - Duckbill W2 - Double W2 -Rectangular W4 —Rect. WS - Diagonal
rectangular with slope 30°

Wé — Diagonal W?7 — Diagonal W8 - Diagonal W9 — Diagonal
45° 60°

30° with slope 45° with slope

VAMONOS - Flow through bridges. Experimental data

Improving the capabilities of 2D shallow water models for hydrological applications - Doctoral thesis defence June 2024



4. Research development

HYDRAULIC STRUCTURES: FLOW OVER WEIRS

CHAPTER 03

2 - HYDRAULIC
STRUCTURES

EXPERIMENTAL WORK

[ ArmicLE 02
*--ffi MDPI
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HYDRAULIC STRUCTURES: FLOW OVER WEIRS

PURPOSE

. . . i i i iff t
What is the most accurate methodology for modelling flow over weirs? (E]Lpperrolgcek?;? fests were modelled with the software Iber using fwo differen

(1) Using a specific internal discharge equation (classic formulation).

METHODOLOGY

* Experimental campaign based on 2 flow conditions.

Test 1: Free

Q=CqB(Zy - Zw)l‘5

(2) Modelling the weirs as the topography of the flume.

*  Water depth was measured in a confrol point (CP) and with an
automatic positioner.
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PURPOSE

. . . i i i iff t
What is the most accurate methodology for modelling flow over weirs? (E]Lpperrolgcek?;? fests were modelled with the software Iber using fwo differen

(1) Using a specific internal discharge equation (classic formulation).

METHODOLOGY

* Experimental campaign based on 2 flow conditions.

Test 1: Free

Q=CqB(Zy - Zw)l‘5

(2) Modelling the weirs as the topography of the flume.

Depth (mm)

. 270

*  Water depth was measured in a confrol point (CP) and with an
automatic positioner.

.20
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| wate

hodelling Weirs in Two-Dimensional Shallow Water Models
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SULTS (AUTOMATIC POSITIONER

W2 — Rectangular

W?7 — Diagonal 60°

1000

W9 — Diagonal 45° with slope

707.11

Topography Internal condition
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hodelling Weirs in Two-Dimensional Shallow Water Models

W AricLe 02

Gonzalo Garcia-Alén * , Olalla Garcia-Fonte, Luis Cea Luis Pena and Jerdnimo Puertas.
_] ARTICLE 03
“  ASCE
Hydraulic Modeling of Bridges in

Two-Dimensional Shallow Water Models

Cea, L., Vila, G., Garcia-Alén, G., Puertas, J. & Pena, L. (2022). Hydraulic Modeling of Bridges in
Two-Dimensional Shallow Water Models. Journal of Hydraulic Engineering. 148, 6022006.
htt 1 01992
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CHAPTER 03
2 - HYDRAULIC
STRUCTURES

PURPOSE +  All the experimental tests were reproduced in Iber using two Jasmeie oz
different approaches to account for the deck: Bl vate

MDPI

What is the most accurate methodology for modelling flow through
bridges? e = oo s s
“ ) the Commonly used internal condition for bridges (lCB) Modelling Weirs in Two-Dimensional Shallow Water Models

Gonzalo Garcia-Alén * ), Otalla Garcia-Fonte, Luis Cea ¥, Luis Pena and Jerénimo Puertas

METHODOLOGY U

Set of 32 experimental test conducted with four bridge geometries.

- | I ' /draulic Modeling of B
) . . .= C,BHh m I Dir nal Shallow Water Mod
Water depth was measured in a control point (CP) and with the Qunder aBh29(Zy = Zs) . i o i U i Barciiiciuiek { ,

automatic positioner.

Four different test conditions: overtopped, fully pressurized, partially .
pressurized and free. (2) the more recent extension of the two-component pressure

approach (TPA) applied by Cea and Lépez-NUnez (2021).

Free surface fl Free surface fl

side view
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SULTS (CP POINT

N
1331
=}

N}
S
o

TPA
Approach

£
£
<
£
3
© 150
5
Iy
o]
2
8
o

MAE =2.8 mm

T

50 100 150 200 250
Measured water depth (mm)

Calibration

ICB
Approach
Iber water depth (mm)

MAE =113 mm

50 100 150 200 250
Measured water depth (mm)

Iber water depth (mm)

S1 - Simple arch

50

bridge

No overtopping

MAE = 4.

100 150 200
Measured water depth (mm)

S2 - Double arch

bridge

1 mm

250

$3 — Asymmetric

Iber water depth (mm)

arch bridge

50
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S4 — Beam bridge

All tests

MAE = 4.3 mm

100 150 200
Measured water depth (mm)
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-
S

HYDRAULIC STRUCTURES: FLOW THROUGH BRIDGES

RESULTS (AUTOMATIC POSITIONER)

S1 - Simple arch
bridge

Experimental TPA approach ICB approach
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[ ArmicLE 02

Modelling Weirs in Two-Dimensional Shallow Water Models
Gonzalo Garcia-Alén * , Olalla Garcia-Fonte, Luis Cea Luis Pena and Jerdnimo Puertas.

ﬂ ARTICLE (ESCI)

L] ArTICLE 03

Hydraulic Modeling of Brid
Two-Dimensional Shallow Water Models

Puertas; and L

Garcia-Alén, G., Garcio-Feal, O., Ceaq, L., Puertas, J

23. Implementacién de embalses en
cdlculos hidrolégicos con Iber. Ing. del Agua 27, 59-72. ht
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HYDRAULIC STRUCTURES: RESERVOIRS

PURPOSE GUI INTEGRATED IN IBER

Development of a reservoir module in Iber to include their routing effect in
the numerical simulations atf basin scale.

METHODOLOGY

Numerical implementation in the Iber model: reservoirs as virfual tanks
and five different outflow structures.

Development of a graphical user interface (GUIl) integrated in the Iber XHC C
preprocess and postprocess interface. 5

Genil river basin and the Izndjar reservoir as study case

Apply
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X Visible
Crest.

Discharge
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Crest length (m)

Infiltration
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RESULTS + Hypothesis 0: Model without reservoir. [ ArricLe 02

» Hypothesis 1: Initial reservoir level equals spillway crest level. . wate

Hydrographs calculated at the watershed outlet point (P1) and at the " Modelling Weirs in Two-Dimensional Shallow Water Models
outlet of the Izndjar reservoir (P2):

Gonzalo Garcia-Alén * ), Otalla Garcia-Fonte, Luis Cea ¥, Luis Pena and Jerénimo Puertas

L] ArTICLE 03

* Hypothesis 2: Initial reservoir level equals spillway crest level and three : ling of Brid
bottom outlets v imensional Shallow Water

=
=
€
£
3
£
O
o

Discharge (m3/s)
~N
w
o

« Hypothesis 3: Initial reservoir level equals spillway crest level and
discharge defined by a user-defined drainage curve.

50 100 150 150
Time (hours) Time (hours)

— Hypothesis 0 —— Hypothesis 1 Hypothesis 2 —— Hypothesis 3
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# S |CONFERENCE 01
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W PreprinT
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ASSIMILATION

- coniemence o PARTICLE FILTER PARAMETER ESTIMATION MODEL (PEST)

u [l ArTICLE 04

A JCONFERENCE 02

W PreprinT STE']'} #1 P(Xi1|Zio1)
Step #2

Step #3 P(Xy|Z4-1)
Step #4 z
Z1

Qe LLE (X, 12,)
Step #5 P(X:|Z) iteration 1

(Morais et al., 2014)
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CHAPTER 04

ASSIMILATION

=“g' CONFERENCE 01

# 5 JCONFERENCE 01
u [l ArTICLE 04 ~
A JCONFERENCE 02
s
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DATA ASSIMILATION: TEMPERED PARTICLE FILTER

PURPOSE

Development of a data assimilation technique based on the Tempered

Particle Filter (TPF).

METHODOLOGY

A total of 12 storm events.

Joint assimilation of discharge and soil moisture data.

Infiltration modelled with the Green & Ampt model.
Sensitivity analysis of the parameters.

TPF applied twice:

(1) Using as first guess a set of random particles
from their ranges of variation

(2) Establishing the initial set of particles based
on the hydrological antecedent conditions.

Soil moisture
from SMAP

15K elements P
Range of variation

in DA
Manning multiplier (-) 0.5-5

Parameter

ks (mm/h) 0.3-10

P (mm) 55-355
S0 (-) 0.2-1
I, (mm) 0-30

Landro
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Discharge from
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Based on the SA results:

Range of variation
in DA
ks (mm/h) 0.3-10

Parameter

Seo (-) 0.2-1
I, (mm) 0-30

June 2024
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DATA ASSIMILATION: TEMPERED PARTICLE FILTER

Pearson r=-0.46 Pearsonr=-0 Pearson r=-0.59

Ks (mm/h)

0.2 0.3 0.4 0.2 0.3 0.4
Initial SM from SMAP (-) Initial SM from SMAP (-) Antecedent rainfall 5d (mm)

£
£
8
=
T
-4

I
ke (mmvh) - Spo ) e
Standard

- 1.078 0.074 7.159
deviation

0 0
12 24 36 0 12 24 36 0 12 24 36
Time (hours) Time (hours) Time (hours) Time (hours)

Linear regressions and standard deviations used to generate the first set of
— Observed —— Simulated particles (first guess) to the assimilation (24 application of TPF)
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DATA ASSIMILATION: TEMPERED PARTICLE FILTER

CHAPTER 04

ASSIMILATION

RESULTS: (2) Second application of TPF =4 Jconsrence o
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Joint assimilation of satellite soil moisture and streamflow data for the
hydrological application of a two-dimensional shallow water model
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Time (hours) Time (hours)
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DATA ASSIMILATION: PEST
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based on the 2D shallow water equations
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Garcia-Alén, G., Montalvo, C., Cea, L., & Puertas, J. (2023). Simulacién de inundaciones pluviales
en el nucleo urbano de Sada (Galicia) con Iber y PEST, in: VIl Jornadas Ingenieria Del Agua (JIA).
Cartagena, Spain. 18-19 October 2023.

Garcia-Alén, G., Montalvo, C., Cea, L., & Puertas, J. (2024). Iber-Pest: Automatic Calibration in
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Modelling & Software, 106047. h 0
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DATA ASSIMILATION: PEST

CHAPTER 04

ASSIMILATION

f CONFERENCE 02

PURPOSE IBER-PEST FRAMEWORK

To develop an automatic calibration tool integrated in lber: lber-PEST

IL‘]Z::;:?:CF (] + PE ST I V m PREPRINT

W PreprinT

# 5 JCONFERENCE 01

METHODOLOGY
Iber-PEST: Automatic calibration in fully distributed hydrological models

Development of a graphical user interface (GUI) integrated based on the 2D shallow water equations
in the Iber preprocess and postprocess interface. C. Montalvo, L Cea, 3. Puert

Assimilation of water elevation in Sada and discharge in
Landro.

Calibration of four storm events in each basin.

Infiltration modelled with the SCS-CN model (Sada) and the
Green & Ampt model (Landro).

Calibration of 4 parameters with PEST (basic capabilities) 3
and PESTPP-IES. Landro
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DATA ASSIMILATION: PEST

CHAPTER 04

ASSIMILATION
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RESULTS: PEST
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Iber-PEST: Automatic calibration in fully distributed hydrological models
based on the 2D shallow water equations

L. Cea, . Puertas

o o
o O
m/h)

Rainfall (mm/h

Flow (m3/s)

Water elevation (m)

12 24 36 48 12 24 36 36 48 24 48 72 24 48
Time (h) Time (h) Time (h) i Time (h) Time (h) Time (h) Time (h)

—— Observed —— Simulated —— Observed —— Simulated

Improving the capabilities of 2D shallow water models for hydrological applications - Doctoral thesis defence June 2024
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DATA ASSIMILATION: PEST

CHAPTER 04
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ASSIMILATION

RESULTS: PESTPP-IES

Reduction of 36.7%, 54.4%, 47.6% and 20.9% in the number of simulations required to calibrate the event E1, E2, E3 and E4, respectively.

- ]CON:FERENCI: o1 JEEEEEEE——————
% NSE N° simulations

u [l ArTICLE 04
A JCONFERENCE 02
0.88

W PreprinT
0.43 140 (2
0.91 iterations)

0.96
Iber-PEST: Automatic calibration in fully distributed hydrological models
based on the 2D shallow water equations

24 36 0 12 24 36 0 12 24 36 24
Time (h) Time (h) Time (h) Time (h)

—— Observed Simulated (mean) —— Simulated (best)
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Analysis of the influence of the Coupling of Iber with a 3D non- Explore new data assimilation techniques
DTM and mesh size in depth and hydrostatic free surface model to reduce the computational cost of
(DualSPHysics, for example) model calibration.
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