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1 ABSTRACT

Currently urban areas have to face many challeng®eerall, urbanization, demographic change,
digitalization and climate change are main drivitrt may directly or indirectly have an impact ¢ t
lifestyle and well-being of city dwellers. All diws are interconnected and together with otherosect
relevant drivers they form a complex network, tisabften difficult to understand at first glancendahas
many points of friction between different interedter example, a growing urban population needsemor
space for housing areas which increases sealeacearfind reduces natural groundwater rechargetdue
climate change, temperatures are rising (espeaaby sealed surfaces), also leading to an inargagater
demand and rising evaporation rates. Both factoesjdes others, influence the natural water cyicle.
addition, in many places summer becomes drier,enibre precipitation falls in winter times. The rhen
and intensity of heavy rainfall events increased dry periods are becoming longer. On the supple,si
higher demand peaks in summer already pose grefaaienges to water suppliers. Heavy rainfall can f
example flood facility sites, parts of the critigafrastructure or cause power outages, which ead ko
systemic interuptions.

In recent years, also a trend towards “smart Citaa be seen to improve the the quality of liferesidents.
The idea of the progressing digitalization is tansfer parts of the real word into virtual repreatwes.
Some are referred to as digital twins. Howeverséehdigital twins differ in their technical struayr
complexity, and target for which they were devethp€or years, many city administrations partly adie
use hydrological or urban climatological model®as form of simplified digital twins.

Against this background, the paper presents arudisigs the practical use, main results and lessamsed
from case studies using two different hydrologitaldels as digital twins in two German cities. Ollethe
experiences from these case studies show thathessse of simplified digital models of a city —parts of

a city — without the need for big-data and monitgrinformation can be good planning tools to assess
plausible results regarding possible future impdased on climate change on a small scale. However,
hydrological models currently are focussing on onéwo challenges, only. But, due to the complexity
natural systems with a high number of connectedgsses, the whole story with interacting multiplieets

is not included totally. Depending on the modellagproach used, it is therefore possible to olutddfarent
results with different models. Therefore, a bettembination of several of such digital twins or the
development of more powerful tools will be necegstor example to transform an urban area towaeitsgo
climate resilient and sustainable.

Keywords: digital twins, complex systems, climal@rcge adaptation, model evaluation, city planning

2 INTRODUCTION

The importance of climate change and its impactsnomicipalities (and urban areas) is still incragsi
(IPCC 2023; Jacob et al. 2021; Kahlenborn et a2120For instance, precipitation patterns are cheng
across many regions in Germany, with increasedewirainfall and drier summers (Deutschléander and
Méchel 2017). Climate change also rises the nuraber intensity of heavy rainfall events, which have
already been observed in certain areas (PapalexidiMontanari 2019; Fischer and Knutti 2016; Westra
al. 2014). In 2018, a year marked by prolongedagsriof very low precipitation and high evaporatrates
due to high temperatures, there was a notabledseri such events (Jacob et al. 2021). This iseimdline
with the expected effect of rising atmospheric watgoor uptake on convective precipitation causimaye
intense heavy rainfall events in the future (Giaal. 2019; Giorgi et al. 2011).

Climate change also has far-reaching economic cuesees, with damage costs being one of the most
significant impacts. In Germany, river floods, unktffoods, and flash floods have been the most esipen

REAL CORP 2024 Proceedings/Tagungsband Editors: M. Schrenk, T. Popovich, P. Zeile, P. &lisC. Beyer, J. Ryser, m_
15-17 April 2024 — https://www.corp.at H. R. Kaufmann



The Current Use and Limitations of Water Related falgiwins — a Practical View on Urban Climate ChaAgaptation

extreme weather events to date. They have caugeificant damage to buildings, critical infrastruiets,
and industries, including flooded production sitesl disrupted supply chains. The total cost of dgsa
incurred since 2000 is estimated to be more thamillf@n euros in Germany (Trenczek et al. 2022).

Considering the expected impacts and challengeBnoate change, it is evident that there is a pngsseed

to prioritize climate mitigation, adaptation, angtinability at all levels, especially with a stger focus on
regions and urban areas. This transformation isssty to achieve a resource-efficient, sustainable
climate-neutral, and climate-adapted society (Jastodl. 2021). For urban areas, in particular, ispand
urban planning can provide numerous opportunitesnplement integrative approaches (Groth et a&320
Bender et al. 2022; Groth et al. 2021), which cdeis social, economic, and environmental aspects
holistically to build sustainable and livable urbemvironments.

In recent years, also a trend towards “smart Citgzs1 be seen as the velocity of data collectios ha
increased. One goal here is the intelligent conmectf municipal infrastructure to make city adnsinations
more efficient in improving the quality of life faesidents. The idea of the progressing digitdabrats to
transfer parts of the real word into virtual rerestives. Some are referred to as digital twingit&l twins
have been found useful in manufacturing, constactand maintenance. In contrast, a holistic digitén

of a city would have to cover many fields of actiorcluding all associated technical and humarriates.
For this, extensive data collections and a bettstesiic understanding of linkages and feedbackdaoe
necessary in advance. As a result, the final prodoald provide city administrations with a powerfaol.
Positive first approaches of such digital twins é@mexample be found for the cities of Helsinkuyri¢h and
Vienna (Bender et al. 2023b).

To react proactively to future extreme weather &yemany city administrations currently use hydgital

or urban climatological models. By simulating difat weather scenarios, decision makers get an idea
which potential impacts can occur and which adaptaneasures promise the greatest overall suceess.
this, regional climate projections provide a poesiNiew, what and how many weather-related chateng
can be expected in the future. Examples of thiglereGERICS climate outlook for German administeti
districts’

To support municipalities in responding to urbasofls resulting from heavy rainfall, the Climate e
Center Germany (GERICS) has conducted case studiesllaboration with stakeholders as part of the
“GERICS Adaptation toolkit for cities” (Bender et £017). One main objective of this approach is to
demonstrate that also the use of simplified digiatlels based on a low number of information cavesas

an effective planning tool for evaluating poteniiapacts of climate change for the entire munigipadr
specific sub-areas, highlighting present and fuhoespots on a local scale. This, in turn, canpstipthe
development of adaptation measures that can begdafustified, and implemented within the contekt
urban development.

Against this background, the paper presents arudisigs the practical use, main results and lessamsed
from case studies using two different hydrologitaldels as digital twins in two German cities. Theefy
available model “River Analysis System” (HEC-RAS)as used to simulate the heavy rainfall runoff
behavior in the city of Geesthacht. The softwaegfptm “Tygron Engine” by the TAUW GmbH and “HEC-
RAS” were applied for a specific hot-spot areahia tity of Rostock.

The paper starts with a short overview of the aurstate of research on heavy rainfall-runoff modgin
chapter 3. The two following chapters describe tadies in the city of Geesthacht (chapter 4) iarttie
city of Rostock (chapter 5), whereby the Rostockeestudy also includes a comparison of two differen
modeling approaches. Finally, in chapter 6, kedifigs are summarized and practical recommendatawns
action as well as further need for research audged.

3 THE CURRENT STATE OF RAINFALL-RUNOFF MODELLING

The expanding array and use of hydrological modkflect the diverse range of user requirementgrims
of data prerequisites and practical usability. Bipathese models diverge in their complexity, #x¢ent of
encompassed hydrological processes, computer pefme, as well as spatial and temporal resolutfon o
input and output parameters (Wagener et al. 2001g.availability of input data holds pivotal sigodnce

! https://lwww.gerics.de/about/news_and_events/né@22B0/index.php.en.

REAL CORP 2024:
KEEP ON PLANNING FOR THE REAL WORLD

2




Markus Groth, Steffen Bender, Thea Wiibbelmann

in the process of selecting an appropriate modigrkCt al. 2015). The accuracy of model resulsetels
on the model's structure, the quality of input daiad the spatial-temporal precision it entails.y An
simplification within the modeling approach inewiba results in a diminished accuracy in portraying
processes across space and time (Wagener et &). 200

Hydrologic models can generally be classified i ttollowing categories: i) conceptual models, ii)
conceptual process-based (empirical) models, @nphysically-based models (Lees et al. 2021; Gatsal.
2019). Conceptual models are based on straightfdrmadel structures and simplified equations. Ergea

of water in the atmosphere, hydrologic constituemisd storage capacities follows the water balance
equation, omitting physical processes. Empiricadel® are based upon non-linear associations between
input data and generated results. They are relatsimple in terms of process description, emplgym
modest number of input parameters. In contrastsiphly models adhere to fundamental hydrological
principles, integrating physical equations rootadai profound comprehension of hydrologic processes.
These models also account for temporal-spatiatdatons and are suitable for smaller scales (Sateet

al. 2017).

Furthermore, data-driven models can be used tolaieuainfall-runoff processes (Herath et al. 2021;
Chadalawada et al. 2020; Reichstein et al. 2019¢tLal. 2019). In regions with poor data availdpili
conceptual models can yield commendable results eid a limited array of input parameters (Kumetri

al. 2021). The choice of the model usually depemnsthe specific natural processes and scope under
investigation, the site characteristics, and ttagiaptemporal scales encompassed (Horton et afl;2Bach

et al. 2014).

In most cases, comparative analyses up to nowtteodncentrate on river basins (Flores et al. 2025 et

al. 2021). Such comparisons generally serve toligighthe advantages and disadvantages of distinct
modeling approaches, laying the groundwork forrteebsequent application in diverse contexts (@use.
2019; Gao et al. 2016; Koch et al. 2016; Perrin1208Ithough there exist numerous cases of rivetesy
modeling, a scarcity of substantial efforts candbserved regarding the use of hydrological models t
simulate heavy rainfall runoff in urban areas (Seaiet al. 2021; Wang et al. 2019).

The main challenges for running hydrological mauglin urban environments, are the anthropogenic
impacts on the natural hydrological processes, sgcsoil sealing and compaction elevating surfaceff

and reducing groundwater recharge (Cristiano eR@17). This leads to a complex system, whereas the
exact extent of these interactions cannot alwaysjusmntified because they can change on a smak scal
(Wibbelmann 2023; Salvadore et al. 2015; Fletchexd.e2013). Consequently, accurate representation
hydrologic processes at an urban scale for heawjatbevents necessitates elevated spatial angdesth
resolutions. In this context, rainfall-runoff moddiilored for urban areas tend to segregate waérdiod
horizontal hydrologic processes, channeling tregug toward surface runoff dynamics.

4 THE GEESTHACHT CASE STUDY

4.1 General aspects — the HEC-RAS modelling approach

In an effort to simulate the runoff dynamics duriegecific heavy rainfall events within the city of
Geesthacht, the "River Analysis System" (HEC-RAS),0pen-access model conceived by the U.S. Army
Corps of Engineers under the "Hydrologic Enginee@enter," was used. Further model specific details

be found at Brunner (2016). During the model's [sete preparatory phase mandates the organization
input data via a geographic information systemehsas ESRI's ArcGIS Pro — enabling seamless irtiegra

of elements like buildings, levees, or other flastrictions.

This distinctive modeling approach seeks to addths=e primary inquiries: i) identification of cemt
flood-prone zones within the urban area which capdientially be flooded after heavy rain eventénging
to the immediate need for adaptation strategigsdeiiermination of areas within the city where ¢omgion
measures, such as the densification of existingldpment, might exacerbate flood risks, and ii@ri¢ying
the flow of surface runoff water during a heavynfall event. To this end, scenarios were integratéalthe
modeling process, varying in terms of spatial etxtdme specific intensity of the analyzed rainfalents, and
the hypothesized extent of built-up areas.
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In close cooperation with project partners from ¢hg administration of Geesthacht, two differec¢sarios
were simulated for the main part of the urban afée overarching objective was to capture andtiihiie
the temporal and spatial progression of urban flapdiuring and after a heavy rainfall event. Wit
model framework, precipitation is uniformly diswited across the entire model area.

The first scenario “Historical heavy rainfall” isafed on observation data to replicate the impaics o
weather event that happened in the past. Since #rerno contemporaneous measurements or obsarvatio
data available with the required temporal resoluti@arby the city of Geesthacht, the remarkablenhea
rainfall occurrence of June 15, 2007 — recorddti@tlosest Boizenburg/Elbe station — was usedpaexy.
Throughout the totality of this precipitation epigp a substantial 92.5 mm of rainfall was registereith

the bulk of it (51.6 mm) falling within a single o

The second scenario “Severe extreme rainfall” @mé&b the 2021 Ahr Valley heavy rainfall event)leets
the destructive power of an exceptional heavy eaient according to the catastrophic event happeénittge
Ahr Valley in Germany during July 2021, which cadisgevastation due to its unique topographical
characteristics. During that period, 162 mm of gnéation flooded the region in a few hours.

4.2 Results

With respect to the scenario ,Historical heavy faif figure 1 (left) shows the surface flow in tes of the
precipitation peak. The map shows water accumuatiof a few centimeters in height, extending over
almost the entire road network and a consideradtiegh undeveloped terrains. Most of these accutiauls,
although widespread, can be rated as harmlessaricylar, water accumulations on roads and steeper
terrain segments in the central core of the mod are not continuous, attributable to the ongsingace
runoff. The water thus moves towards the west authsvest, depending on the prevailing topograpling T
animated temporal sequence clearly illustratesrimisoff behavior. Two notable areas are coveredhen
southern edge of the map: the Elbe River and awaiseThis results from the model's representatibn
water accumulations in these areas, although thayodl exist in reality, because rainwater is die@rirom

the Elbe River and discharged into the reservgahenomenon omitted from the model representation.
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Fig. 1: Simulation results of the rain event “Histal heavy rainfall”. The depicted phases encorsplas heavy rainfall phase (left)
and the subsequent runoff phase (right). Notahkyréd arrow demarcates the precise location ddibets hall within the model.

Stormwater, unable to infiltrate the soil, followsadways, flowing towards lower-lying areas, iritia
accumulating in depressions. The influence of #hees system is not included in the model, becatsse i
potential effects during such an event are smatlabse its capacity to take rainwater becomesaadet in

a brief time span. Such a simplification is in liwgh the application of many hydrological mode&r¢th et
al. 2020). Another reason for the usage of sudmpliied model is the lack of precise data on tlesign of
the sewer network, which makes comprehensive nindeathallenging.

Based on the available DTM1 data, the current mddek contain all operational road culverts or ipidé
drainage pathways. Similarly, inaccessible sitesemtially obstructed by barriers or blockages likered
or clogged culverts, are not integrated into theaskt. In order to improve the model quality, ameémable
not only qualitative but also quantitative assesgsjean additional on-site mapping for the validiativould
be necessary. Despite these potential local liraitaf the model results show eight potential acdatian
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zones (1 - 8) — distinctive circles indicate traofl-prone areas (figure 1, right). In the curression of the
model, water depths of up to 2 meters can be setese areas, indicating an increased hazardtf@idten

In the second scenario with severe extreme rajifalamount of precipitation was increased to Rieuthe
possible effects of an exceptionally extreme rdligfgent. Notably, comparable amounts have bedarfah

the summer of 2021 in the Ahr Valley showing thathsevents can also occur in Germany. Climate ahang
will also increase the probability of such everits.explore potential floodlains within the city wrdsuch
conditions, the historical precipitation amountyédeen approximately tripled in comparison to first
scenario, which makes the temporal developmentasina the Ahr Valley event.

The direct effects of more water in the urban ahea to the higher precipitation is clearly visikfigure 2,
left). In comparison to the first scenario, a largepanse of water-covered areas emerges initiathjle
substantially larger volumes of water flow throutdje streets, towards the Elbe River. This escalatio
precipitation quantities leads to more pronouncegdrdiogical effects, increasing the potential focdl
flooding within the urban area.
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Fig. 2: Simulation of extreme heavy rainfall “Sexy@xtreme rainfall”. Phase during the heavy raienéyleft) and the infiltration
phase (right). The red arrow shows the locatiothefsports hall.

The flood-hotspots 1 to 8, which originally appehie the first sceanrio, now become focal points fo
significantly larger water accumulations. Theseuaunglations contribute to higher water levels or enor
extensive flooded regions within these hotspotsredeer, four new hotspots (A - D) emerge, with wate
accumulations of about 1 meter (A, C), or localizedes with water depths reaching up to 2 meter®}B
(figure 2, left). After the primary area precipitat has subsided, water heights of up to 2 metrain at
seven locations (figure 2, right).

Notably, two areas in the western sector of theehethnd out, drawing particular attention. In a2eavater
accumulation is relatively harmless according ® fiodel, as the water naturally converges intorested
depression, and can gradually seep away withowimgany damage. However, special attention shiogld
paid to the sports hall on GrenzstralRe (marked aited arrow), as previous heavy rainfalls haveided
moisture damage to its flooring.

Area 4 is an example where re-evaluation of the ehdsl suggested, due to the high degreee of water
accumulation. The mapping of missing road culventsl of surface conditions would facilitate a more
accurate simulation of water flow directions andteptial water quantities in this part of the city.
Furthermore, it is advisable to investigate wheffast flooding incidents have affected the ardhenpast.

In the context of this analysis, hotspot B, exalabi evident during the occurrence of the extremavy rain
event, gives little cause for concern. Embeddea@ iforested area, it poses a minimal hazard potentia
However, within the urban landscape, there arerawenes where significant water accumulations can
occur, both in terms of area coverage and watethdéyea 6, for instance, where an accumulationrezon
presently comprises a forested depression, offierpatential for future use as a temporary retargite. To
realize this potential, it is crucial to ensuretthaod drainage pathes are maintained to allovewtibw into

the swale. Meanwhile, sections of area 8 and thewudings of hotpsot area C raise concerns, deimguad
comprehensive review of promising adaptation messurecause the model results indicate an increased
potential flood risk.
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5 THE ROSTOCK CASE STUDY?
5.1 The Tygron engine modelling approach

5.1.1 General aspects

The Tygron Engine is as a 3D geodesign platfornfughng cloud computing technology, offering diverse
functionalities such as the dynamic computation amdractive visualization of flooding scenariosherl
model takes into account a number of influencirgdes, including i) infiltration dynamics, ii) evapation
kinetics, iii) groundwater flow phenomena, andtiw interaction between constructed and naturalswid
structures. For the Rostock case study, we useaditalderrain model DTM1, affording a grid width @
meter. With regard to the precipitation amountgrgwcell is individually assigned with a water vole
based on the comprehensive dataset from the KOSAtRA German Weather Service (DWD) 2010R of the
city of Warnemuinde, incorporating the model raipetfeuler Type |l.

These cells are divided into groups, each assiggledant parameters like infiltration behavior oughness
factor. The model simulates the interactions betweeighboring cells in discrete time steps, takimg
account water levels, surface heights, flow dimttand other relevant parameters. A high degree of
simulation accuracy is achieved through the usen@ll time steps and a finely gridded spatial laybuan
effort to follow an simplified approach adaptabbe &ll municipalities — especially for municpalgigithout
sufficient information of their sewage system — sle@ver capacity was approximated using data acuptdi
experience values from other projects. Within timeuation, inflow into the sewer occurs when a grall

both contains water and coincides with a surfaeeesstructure. This inflow persists until the sewesaches

its full capacity. Incorporating infiltration intéhe unsaturated soil zone introduces another ogdton
mitigating surface water.

5.1.2 Results

As an example, we mainly consider a section oftlap with the focus on the area around the Holbatnpl
as illustrated in figure 3. These visualizationstam the essential map representations commordg irs
Tygron Engine reports, effectively showing floodpttes and flow directions. These representationsalev
two vulnerable areas that are prone to floodinge @cation is the Holbeinplatz, beneath a railrbéadge,
while the other is north of the Werftstral3e. Insthelepicted zones, the simulation shows floodealsandth
water depths of up to 5 meters.
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Fig. 3: Left: Flood depths near the Holbeinplatd &verftstraRe. Right: Flow directions of the surfaoeoff.

Z The contents and visuals presented within thigphahave been taken from the conclusive reporildped by
Tauw GmbH in collaboration with the Climate Servicgenter Germany (GERICS). These reports titled
“Starkregengefahrenkarte Rostock: Studie zur Bewegrt des Abflussverhaltens von Starkniederschlagan i
Stadtgebiet Rostock mit der Software Tygron” (Ta2020) and “Modelloptimierung und alternative Modekatze
Rostock. Vergleich HEC-RAS — Tygron” (Tauw 2022)nv&e as key references. The contents have undergone
modifications to ensure linguistic coherence angeHaeen supplemented to enhance their compreheesise
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The modelled flow directions clearly show the doamihcourse leading toward topographic low points,
signifying a likelihood for further water accumutat at these two locations during more intense
precipitation episodes. The derived maps highligi increased vulnerability of the Holbeinplatz,
particularly during heavy rainfall events, as iys a central role within public transportationligjint of the
increasing frequency (Bender et al. 2019) and sitgrfDahm et al. 2020) of heavy rain events, ptivac
adaptation measures are strongly recommendedddddtbeinplatz, emphasizing the urgency of imprgvin
resilience.

Around the Werftstral3e, the simulation also shole@saged water levels, but only with very local inf=
leading to limited disruptions and potential lodaimage. Notably, the model unveils water accunuuiati
just north of the railroad bridge, spanning acr®srftstrale and Neptunallee. This area's distinct
hydrological dynamics are shaped by the presenceutifple road crossings — namely WerftstraRe and A
Kayenmuhlengraben. An on-site mapping is requicediteck the reasons for the modeled water columns.
Topographical reasons, incorrect boundary conditifor the infiltration rates in the model, but also
differences between existing road culverts missimnghe model, are among the possible reasons for th
modeled results. Independently of the potentiatirfee model refinement, the results clearly indéicabnes

of increased flood risk. In view of this, it is afmost importance to make neighboring property land
proprietors aware of these vulnerabilities. Pra@ctidaptation measures should be considered isghisn,
highlighting the importance of developing strategier targeted discharge of surface water into teany
retention areas, where the water cannot causeangge.

5.2 The HEC-RAS modelling approach

In order to carry out a direct model comparisonMeein the models HEC-RAS and Tygron Engine, we
chose a distinct area of the city of Rostock ofrapipnately 4.5 km?, using a grid of 5 x 5 m. To @ms
consistency, both models are built with the sarpetinlata and without a detailed sewage systemglisas
neither “missing” culverts nor pumps were considerEor the incorporation of infiltration, the curve
number (CN) method was applied, estimating the réxtd infiltrated precipitation as a function of
cumulative precipitation amount, soil sealing, lamse, and soil moisture. In order to approximate th
Courant criterion, calculation intervals were set2aseconds. Consequently, the computational iterat
duration for HEC-RAS was about 10 minutes and 20sés per run, adhering to these specified paramete

When performing simulations, time intervals can &et manually, serving as default settings for
computations. The choice of these time steps, nanfyjom seconds to several minutes, depending en th
processing capability of the computer and the tinterval to be analysed. Despite maintaining ideshti
model parameterization, the selection of time death has a direct influence on the model outputs,
whether in the form of map displays or chronolobsssjuences presented as videos.

Figure 4 shows two snapshots from another proggatiucing the same point in time during the simolatbf

a heavy rainfall event. The only distinguishingtfea between both approaches is the configuraticheo
time steps, set at 1 minute and 10 minutes, respgct However, the visual representation differs
significantly. In the model with 1-minute time stgem lower water presence within the model areas is
evident at first glance, with all water showingavér extent. Furthermore, the identified hotspaseh
shallower water depths. Nonetheless, the accompgngcales illustrate that this scenario actually
culminates in a higher peak for water depths whamtrasted with the entire model area. In both gases
surface runoff is represented as fragmented notigranus flows, attributed to the Courant conditioot
being met. As a result, spatially restricted watsrumulations occur.

This phenomenon — once again — highlights that moesults should always be scrutinised, because
depending on the model parameters selected, effaot®ccur — in this case flood heights — thatbased
only on mathematical boundary conditions. In tlisecsuch a phenomenon can be significantly imprbyed
reducing the time steps to seconds.
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Fig. 4: HEC-RAS calculations with different time gteonfigurations. Left: Time step 1 minute. Righim& step 10 minutes.

5.3 Model comparison

In line with the increasing number of precipitatiemoff modeling efforts focused on heavy rainfalents,
various map representations are available, depgndim the specific modelling approach. As the
interpretation of results is not always entrustedrninodeling experts, this case study example pregbst
results of different models partly using identiogbut parameters. To enhance comparability, theetingl
was conducted by the same experienced team, minignilze influence of individual modelers as much as
possible. Table 1 provides a summarizing compargfaime technical boundary conditions and key model
input parameters. As an example we compare the lewdeter depths in the Holbeinplatz and Werftstrafd
areas in Rostock (figure 5). In both model simolasi the primary flood-prone areas are observednaro
Holbeinplatz, particularly below the bridge, anduttoof WerftstralRe. The spatial extent and watgtide
exhibit rough similarity, although the Tygron madel indicates slightly larger water depths. The mai
differences are evident in areas somewhat distant the primary hotspots.
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Fig. 5: Results from different model simulationsftLElIEC-RAS. Right: Tygron Engine.

The HEC-RAS result depicts a more “restless” sdenaharacterized by numerous small delineated .wate
accumulations. Conversely, the Tygron result shtamger continuous patches of water, attributedtgo i
smaller time steps and the automatic stabilizectfan. Overall, the Tygron modeling shows loweratot
water columns compared to HEC-RAS, particularlgiieas with minor water accumulations, which is @ue
the incorporated channel capacity considerationvéder, the model results also illustrate that inaar
where this capacity is exceeded, Tygron exhibighéxi water levels.
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Tygron Engine (Rostock)

Input  parameters and | HEC-RAS (Rostock)

boundary conditions

Initial water levels No No

Hydraulic structures No No

Soil parameters Yes Yes

Roughness factor Yes Yes

Topography Yes Yes

Grid size 5x5 m, flexible mesh possible 1x1 m, didgd mesh possible,
315 million cells

Total size 4,5 km? 9-10 km?

Boundary conditions Adapted to road course Adafrtad the largest model

Infiltration Calculation with the curve number meth where the| Dependent on the K-factors of the ground surfack jan

land use determines the infiltration rate.
Land use determines the infiltration rate; no fart
adjustments were made.

n In the RSAG area: Adjustment

the soil properties.

0.06 m/d in the track area.

Sewer system No With averaged capacity of
10.82 mm/h under "street" cells

Evapotranspiration No Yes, minimal

Time step length 2 seconds 0,114 seconds

Rainfall event 43,5 mm/h 43,5 mm/h

Maximum dischargg 20 m/s 1-2,5m/s

velocities

Computing time per run 10 min 30 sec 1 min

Flood heights Upto25m Upto10 m

Surface runoff

In a chain of water accumulations.

n akhain of water accumulations.

Expected costs

0 to 10 k€ (including validation and scenario)

15 to 25 k€ (including validationl ame scenario)

Computer capacity

For modelling: Desktop PC or bapt
For use of results: Desktop PC or Laptop

For modelling: Access to  supercomputer

(proprietary)
For use of results: Desktop PC or Laptop

Staff skill requirements

For modelling: Hydrolodicanodelling skills; not
required when modelling is done by a company.

For interpretation: Basic hydrological understagd
and modelling expertise would be an advantage

For modelling: not required.
For interpretation: Basic hydrological understagd
nand modelling expertise would be an advantage

=]

Table 1: Input parameters and boundary conditions.

Looking at the area southwest of the Schwanentaithp figure 6, the contrasting characteristicshef two
model approaches are also evident. In the HEC-RAS8eling on the left, water accumulations are evenly
distributed across the area, with generally shaliater columns of just a few centimeters. Howewdren
using the Tygron model many of these water patdmeppear, as the sewer model component removes a
defined water volume from the surface. At firstngla, this creates a smoother appearance. Howewver, i
places where water accumulates, higher water deypéghsbserved despite the smaller time step. Mereov
new flood areas are formed compared to HEC-RASh suscin the western region of Kuphalstral3e. This
divergence could be attributed to the fact thatahalyzed area lies in close proximity to the mdmeindary

of HEC-RAS, where hydraulic conditions are moremsgly influenced by the given boundary conditiofs o
the model. So it can happen at some points, thitdcauwater is forced to flow out of the model. fdfere,
when interpreting map representations, it is cfucddocus on areas located more in the central gfathe
model area whenever feasible to ensure reliabéepretations without impacts from the model ardtitee.
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Fig. 6: Results from different model simulationsftLElIEC-RAS. Right: Tygron Engine.
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6 CONCLUSION

The comparison between two hydrological models llggks their general usefulness in creating hazard
maps for heavy rainfall events. Both approachesigeoessential tools to identify areas that arespiilly
affected or at risk of flooding. Furthermore, thesaps can be used to locate flow paths within udreas,
and to visualise significant hotspots.

Practical results and experience indicate that HEAG offers a feasible way to quickly generate it
estimates of runoff behavior during heavy raintalents (Wibbelmann 2023; Bender et al. 2023a).€elhes
calculations can be performed on a standard P@pbop. With numerous customizable settings, theeihod
can be tailored to individual requirements basedawailable data resources. It is ideally suited tfo
detailed analysis of small-scale areas and canba&spplied to model smaller cities. Thanks taetatively
short computation times and hardware requireménésables rapid simulations of scenarios suchagad |
use changes or the impact of new constructionsiooff behavior.

The commercial Tygron geodesign platform operatgd ebhgeneering companies stands out for its
combination of fast computation and high-resolutmutput. The program automatically adjusts certain
conditions to ensure robust numerical modelingrein achieving high-quality simulations, particlyain
terms of surface water flow behavior. The modekusgional to local parameters and characteristiosh

as soil types, for individual process calculatioR®wever, it is not designed to account for smedils
processes like the influence of soil moisture diltiation behavior. Due to its computing power,gfgn is
also suitable for larger areas, including entittesi Its 3D visualizations offer compelling matdsi for
decision-makers to effectively raise public awassnabout flooding issues.

In general, there is a need to optimize the prooésawarness creation — implementation of prewanti
measures — crisis communication”. This includesithgrovement of early warning systems, for example
due to a combination of regional climate informatialata-collection from historcial events, and da-s
monitoring using of sensors or satellites. Therals® significant potential in providing comprehgesand
area-wide digital models of municipalities, faeiting efficient heavy rainfall runoff modeling. Hewer, it

is important to also consider risk associated wititization. Critical infrastructures, such as egyesupply,
information technology, and telecommunications, expected to become increasingly vulnerable to the
impacts of more frequent and intense extreme weathents (Groth et al. 2023). In order to take gurtive
measures at an early stage, the hydrologcial madeisalso be used to check which components of the
critical infrastruchture are — currently and in fb&ure — located in vulnerable areas. Howevegddition to

the modelling activities also monitoring should cmnsidered. This includes the regular updatingnpiii
parameters — e.g. land use or observed flooding wedl as the regular functionality check of compiats
that affect runoff — such as blocked gullies orrgvewn drainage ditches.

Overall, the experiences show that also the ussngblified digital models of a city — or parts ofciy —
without the need for big-data and monitoring infatimn can be good planning tools to assess plausibl
results regarding possible impacts of climate chang a small scale. Based on this, first adaptation
measures can be planned, tested in a simuatidifigdsand implemented in the context of urbampiag

and development. Irrespective of the model resptsyentive measures such as the large-scale ungsedl
surfaces, increasing the proportion of green spandsthe creation of temporary retention areasflaod
drainage paths have a positive influence on thadfltg behaviour.

However, due to the complexity of natural systerith & high number of connected processes, theteftdc
such measures on the local scale and on the wihslens can be answered — sometimes in parts, ohly —
the use of these models. Depending on the modd| il model results may vary, but the locatiéthe
most important hot spots is generally recognisedintrease the informative value of the model$egithe
results of different models can be combined or nooraplex models - which also require more inputidat
can be used, for example to transform an urbantaveards being climate resilient and sustainabheré&by
also the possible implementation time and costdajpgation measures (including the regular maintesjan
as well as the cost of using different modellingraaches needs to be taken into account.
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