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Model Setup & Calibration

Background

A Motivation

A Flood risk in built environments tends to be amplified by rapid urbanization and
altered precipitation patterns due to climate change. The development and
implementation of Digital Twin Components (DTC) enables real-time, adaptive

A Input

A 2m LIDARDEM
A 4-gaugestations:

A Alzette@Pfaffenthal Mamer@Schoenfels Eisch@Hunnebuer &
Attert@Bissen

Table. 1 Overview of model configurations, associated input data, and calibration strategies. Each model variant incorporates increasing complexity, ranging from basic stage and
discharge calibration (Model 1) to progressivelyintegrating EOdata: flood extent (Model 2), land cover (Model 3), and building map (Model 4a-d) to constrain model performance. Building
typologies are represented through four different treatments: 4a) no buildings included in the DEM,4b) building blocks assigneda fixed height of 999m, 4c) hollow buildings treated ash U Y
I ¢ apeeds, and 4d) stubby buildings assuminga door heightof 0.3m.

Calibration

simulations that enhance flood prediction and mitigate flood risks by combining Earth 2m DEM + 4 Stage & Flood Extent Map (FE)  Land Cover Building Map (B)
Observation (EO) data collections with advanced climate modelling, hydrological- A Riverchannel geometry Upstream  Discharge (SQ) Map (LC)
. . . . . . . Boundary _ , o -
hydraulic simulations as well as impact assessmenttools. As part of the ESAproject A Channelwidth & Channelbed elevation Conditions Channel Floodplain Floodplain roughness No Building ~ Building ~ Stubby
. . . . : : roughness (N.,) + roughness (N¢,) building Block Hollow Building
(DTC/S_URE)the DTCin urban flood modelling (DTC—UF)_ IS to develop an EO_base_d A Landcover (Fig 3) | o rriverwidth = nel depth (o) Spatial (S) (NB) (BB) (BH) (SB)
modelling framework that enables large-scale flood risk assessment studies in A Infrared aerial image, NDVISentinelimage (Pen + Ren) Uniform (U)
vulnerable areas under climate change. A Buildingmap (Figs 4a-d)
A Objective A x f Eulban mask generationalgorithm applied to SARand optical data 1759 Oy Oy
| o A Setup 27SQ +Fg Oy Oy Oy
A Assessthe usefulness of EOdata in constraining the model performance A 1D sub-grid channel (along Alzette River) with 2D floodplain & tributaries
o ] ] ] _ . 31SQ + FE+ LC Oy Oy Oy Oy
A Generate /b5 6-R ‘mpeenarios based on different climate change and hydraulic (Mamer, Eisch, and Attert)
intervention scenarios A Calibration 4aTSQ + FE+ LC+ Byg Oy Oy Oy Oy Oy
A Study Area A 4 parameters: channel depth, channel roughness& floodplain roughness 4bTSQ + FE+ LC+ By oy oy oy oy oy
o A July2021flood event
A Thebuilt environments in x 2 ¥ 13 & H enbkely pdpulated Alzette River floodplains A Evaluation 4c7SQ + FE+ LC+ By Oy Oy Oy Oy Oy
(Fig 1). A Stage& Discharge: Walferdange Steinsel, Hunsdorf, Mersch, & Ettelbruck 4dTSQ + FE+ LC+ By oy Oy oy Oy Oy
A Flood Extentmap: x f EAaked flood detection applied to SARdata (Fig 5)
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Fig 6 Model performance at five gaugingstations T a) Walferdange, b) Steinsel, ¢) Hunsdorf, d) Mersch, and e) Ettelbruck T during the July 2021 flood
event, evaluated using the Kling-Gupta Efficiency (KGE) Each sub-figure shows observed streamflow (black solid line) and simulated streamflow from
different LISFLOODBFP model configurations: Model 1 (red dashed), Model 2 (greendashed), Model 3 (blue dashed), Model 4a (greydash-dotted), Model
4b (magentadashed), Model 4c (cyandotted), and Model 4d (orangedashed). Details of the model configurations are providedin Table1.

A Model performance generally shows a consistent improvement with the
progressive integration of the EOdata across five gauging stations . (Fig. 6)

A The use of stubby building (Model 4d) yields slightly better model performance
compared to other building treatments (Fig. 7).

gaugingstations at Pfaffenthal and Ettelbruck

Cl |

m a

L 1 1 L (0.08710.14), bush (0.04 T 0.065), permanent vegetation (0.03 T 0.045), and seasonal

6°3'E 6°5'E 6°T'E 6°8'E 6°10'E vegetation (0.03 T 0.055). Thesevalues are used to parametrize spatially distributed
Fig 1 The study area on the River Alzette (Luxembourg) The study  floodplain roughnessin Model 3 and Model 4a-d.
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Fig. 8 50" percentile (median) simulated water depth (in meters) along the RiverAlzette for three
selected return periods during the reference period (1980 T 2000): a) 2-year, b) 20-year, and c)

1000-yearevents.

Fig. 9 Difference in 50t percentile (median) simulated water depth (in meters) between the Far-
Future period (2041 T 2060) and the reference period (1980 T 2000) along the River Alzette for

three selected return periods under the RCPB.5 climate change scenario: a) 2-year, b) 20-year,

and c) 1000-yearevents.
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Fig. 7 Zoom-in view of the Walferdangeand Steinsel area showing simulated water depth (in meters) during the July2021flood eventfor different LISFLOOBFPmodel configurations, along with their associated Critical Skill Index (CSl)values. Details of the model configurations are

providedin Tablel.
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A

Five percentiles representing uncertainty distribution from
climate models, hydrological modelling, and flood frequency
A Q5th, Q25th, Q50t, Q75t, and Q95th
Threetime periods
A Reference 19807 2000 (Ref)
A Near-Future: 202112040 (NearF)
A FarFuture: 204171 2060 (FarP
Three climate change scenarios
A RCP2.6, RCP4.5, RCP8.5
Sevenflood return periods
A 2-,5-,10-, 20-, 50-, 100-, 1000-year
Eight hydraulic intervention scenarios
A Channelwidening (CW)A 5%, 10%, 15%, and 20%
A Channeldeepening(CD)A 5%, 10%, 15%, and 20%

During the reference period (1980 62000), the median water depth along
the River Alzette ranged from 0.49m to 1.12m (Fig. 8)
A Shallow flooding (0 é1m) primarily occurred between Hunsdorf and
Mersch during 2-year return period events (Fig. 8a)
A Moderate flooding (1 62m) was observed near Hunsdorf for 20-year
events (Fig. 8b)
A Severe flooding (2 64m) occurred most frequently between Mersch
and Ettelbruck during 1000-year events (Fig. 8c)
In the Far-Future period (2041 62060), under high-emission RCP8.5
scenario
A Flood depths are projected to increase by 0.19m, 0.26m, and 0.52m
for the 2-year, 20-year, and 1000-year return period events,
respectively (Fig. 9).
A Flood risk area is expected to affect up to 13.1km2 during a 1000-
year event if no hydraulic intervention measures are taken (Fig. 10a).
A Widening the channel by 5% and 20% could reduce the flood risk
areato 13.0km?and 12.6km?, respectively (Figs. 10b & c).
A Similarly, deepening the channel by 5% and 20% could reduce the
flood risk areato 11.2km?and 10.8km?, respectively (Figs. 10d & e).

Fig 10 Zoom-in view of the Walferdange and Steinsel area showing simulated flood extent and associated uncertainty along the RiverAlzette during the Far-Future period (2041 -2060) under the RCP8.5

climate changescenario, for five hydraulic intervention scenarios: a) no channel deepening(CD)or channel widening (CW),b) channel widening by 5%, ¢) channel widening by 20%, d) channel deepeningby

5%, and e) channel deepeningby 20%.
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