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1. Flash Floods



What causes a flash flood ? TRI T@N TUTI

Micro burst at the lake of Milstadt, Austria

Mmadelbvfieemakercom
s/
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Definitions TRI T©N TUTI

Pluvial and Fluvial Floods

Fluvial floods (river floods) /f\\

Fluvial flood 2 L%_)
A fluvial, or river flood, occurs when the water &_l SNOWFALL
level in a river, lake or stream rises and overflows i, ﬁ:@ i j

) ¢, . -...-.:. . ‘i 7‘\
onto the surrounding banks, shores and . » /\ ™" |
neighboring land. The water level rise could be . = = l g &7

. . 5 . OVERFLOWING WATER : ! e

due to excessive rain or snowmelt. e

Pluvial flood
A pluvial flood occurs when an extreme rainfall
event creates a flood independent of an

overflowing water body. A common misconception > -3

about flood is that you must be located near a ' k :
body of water to be at risk. Yet pluvial flooding P e N g Ty e;
can happen in any location, urban or rural; even A - 1 1 . . ;_w_,/‘"

in areas with no water bodies in the vicinity. There S ae & ﬁ s

are two common types of pluvial flooding: . URBANDRANAGE  » - : ‘vj |

«  Surface water floods : ; |

* Flash floods
(Source: Zurich insurance)
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Definitions TRI T@N TUTI

Surface Water and Flash Floods

Surface water floods

Surface water floods occur when an urban drainage system is overwhelmed and water flows out into
streets and nearby structures. It occurs gradually, which provides people time to move to safe locations,
and the level of water is usually shallow (rarely more than 1 meter deep). It creates no immediate threat
to lives but may cause significant economic damage (Source: Zurich insurance).

Flash floods

Flash floods in the context of heavy precipitation events are exceptionally fast rising flood waves, which are
facilitated by a very large amount of surface water. The surface water is generated by a combination of
precipitation (intensity and volume) and the limited retention capacity of the soil. In combination with
an available relief potential, the fast concentrating surface runoff accumulates to fastly rising water levels
and discharge waves with extreme peak discharges in concentration paths and channels (Source: HiOS-
project).
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Heavy precipitation - problems TRI T@N TLUT

Heavy, short and local ‘ Difficult forecast. Stationary
precipitation events. approach not possible.

Precipitation

Evaporation Surface water

The volume of Extremly sensitive with respect to
accumulated rainfall is ‘ infiltration and retention.
small.
Infiltration
All incoming water ‘ The input into the hydrodynamic
fluxes are generated model has to be calculated via
by precipitation. hydrological modeling.
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The flash flood event 2016 in TRI T@N

Simbach a. Inn

S

Flash flood in Simbach a. Inn, 1.6.2016. © pa/dpa/Walter Geiring.
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Project HIOS TRI T@N T|.|T|

Flash Floods and Excessive Surface Runoff in Bavaria

QNN Hinweiskarte Oberflachenabfluss
NN woliez B 11
N
N\ und Sturzflut LMU
Hi0S

Das Projekt HiOS

Karl Broich', Markus Disse', Maria Kaiser', Jorge Leandro!,
Qing Lin', Ralf Ludwig?, Johannes Mitterer!, Hai Nguyen3,
Thomas Pflugbeil', Fabian von Trentini2, Florian Willkofer2

1) Technische Universitat Muinchen, Lehrstuhl fur Hydrologie und Flussgebietsmanagement
2) Ludwig-Maximilians-Universitat, Department fur Geographie B : 2
3) Leibniz-Rechenzentrum der Bayerischen Akademie der Wissenschaften- e
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HiOS

Project goals
Development of a method to estimate the surface runoff and flash flood hazard of Bavarian
communities using GIS and geostatistics (indication map)

Development of a scientific guidance document for hydrological and hydrodynamic modelling
of surface runoff and flash floods

Comparative simulation of surface runoff and flash flood events using hydrological and
hydrodynamic models

Gathering experience of using hydrological and hydrodynamic models at high-performance
computing environments

Generation of model-based hazard maps for 40 municipalities

Development of guidelines for the analysis of surface runoff and flash flood hazard
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2.

Methodology and influencing factors

11



Concepts and disciplines

Concepts
s _ N
inventory
. (historical events)
a )

analysis

- (influencing factors, case studies) -

data-based
analysis

time

TRIT@N T

Disciplines

indication / hazard maps

rology

Geostatistics

High Performance Computing
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Flash flood analysis TRI T@N TUTI

Model types

coupling

GIS-tools and

: Hydrological Hydrodynamic
Machine
: models models
Learningo
« WaSiM « TELEMAC-2D
e LARSIM « HYDRO_AS-2D
. eg|x « Pdwave

* FloodArea
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HiOS
Hazard maps — an important tool for risk communication

There are two types of hazard maps for surface water and flash floods

* Indicator map: a hazard map derived using

a. machine learning,

b. GIS-based analysis and

c. additional local hazard information.

 Model-based hazard maps: derived using hydrological and
hydrodynamic modeling
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Data-based approach
Indicator map generation — machine learning

Areal hazard
Gebietsgefahrdung

gering

manig
I hoch
B sehr hoch

GIS - Influencing factors

= Topography

= Land usage

= Soil and geology

= Stream network

= Catchment properties

» Precipitation

Hyperparameter N
Influencing 3%
factors g | v _ A
Data _, Classification Model Model _, Areal _t
. processing model training (80%) testing (20%) hazard s
Event " '
dataset | 4 |
Tuning
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Data-based approach
Indicator map generation — GIS-based hazard layer

Data preparation for GIS-based hazard layer

« The hazard layer classes (flow paths, depressions and backwater areas) were assigned
values from 1 to 4, with 1 representing the lowest and 4 the highest hazard level.

* Flow paths, depressions and backwater areas were converted into grids (25 m) and
combined, whereby the highest hazard value present was selected for overlaying.

« In addition, the grid of lakes was added to the hazard layer as class 4 (highest hazard
level).

Shape Raster
Flow paths Depressions Backwater areas
Klasse Wert | Klasse Wert Klasse Wert
=1-5ha 2 =01-02m 1 =01-02m 1
=5-10ha 3 =02-05m 2 =02-05m 2
=10 ha 4 =05-10m 3 =05-10m 3
=10-20m 4 =10-20m 4 Y
=20-40m 4 =20-40m 4
=40m 4 =40m 4

Hazard layer
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Hi05 Data-based approach

Indicator map generation — additional local hazard information

PE—— 'l :. .',." __
S Y I =

Areal hazard Hazard layer

Gefahren aus FlieGwegen,
Senken und Aufstaufiachen

gering
maig

B hoch

I sor hoch

Gebietsgefahrdung

I
0
g
i

e ;
P i Gefahr aus FlieRwegen,
& . Senken, Aufstauflachen Gebietsgeféahrdung
/2:\ _S gering gering
? ol ERR méRig maRig
Indicator map | [ hoch I hoch
I sehr hoch I sehr hoch

Fachdaten: FlieRgewassernetz (FGN25), LfU
Luftbild: Maxar, Microsoft, CNES/Airbus DS

S

&

w

wli

.

Schule

wa

Verklausungsgefahr [¥ ) Trinkwasserschutzgebiet

O Feuerwehr

Agrar-/Baustoffhandel ) Freibad

Entsorgungsunternehmen m Altstadt

s Gewasser I. Ordnung ’&
Gewasser lll. Ordnung MaRstab 1:38.00 N
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Model-based approach

Overview of models

Lumped hydrological models EGL-X
]
Distributed hydrological models LARSIM
I VSN
Hydrodynamic models TELEMAC-2D
I P-Dwave, Hydro_AS-2D

Hydrodynamic RR-models HDNAM
I (TELEMAC-2D + SCS-CN)

HL-model HD-model LARSIM/WaSiM + TELEMAC-2D
g

SEVE
- SWMM + P-DWave
netw.mode! Eamm aealces

<

TRIT@N T

concentratic

Legend:

runoff processes
creation

Effective precipitation
— Inflow hydrograph coupling
< Bidirectional sewer coupling

Hydrological model
Hydrodynamic model model type
I sewer network model

NTUA Athens | TRITON Summerschool | 2022-09-05 | Broich, Pflugbeil, Mitterer, Kaiser, Disse karl.broich@tum.de

18



Smallest computational unit = HRU Smallest computational unit = Element

Standard dimension = 10000 mz? Standarddimension = 10 m? N m

Standard timestep: Minutes to hours Standard timestep: Seconds

Hydrodynamic Rainfall-Runoff Model HDRRM
MethOdOIOgy HDRRM = 2D-hydrodynamic model with nodal run-off

generation
Hydrological model Hydrodynamic model
Conceptual model frame work Physical model frame work

Generation

Generation Node.i
]

Element j
SWE-solver ‘

Concentration
+ Routing

¥

Concentration

< > ‘ Model choice:
TELEMAC-2D using

‘ (Fenizia et al., 2016) h = f(t, xi, y;) Einite Elements and
v, = (L, X, i) SCS-CN-method

Q = f(t, x., . v, =f(t, X, ¥)  (Ligier, 2016)

Triangular mesh
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HiOS
Methodology HDRRM

Modellng of N constant N variable
rainfall-runoff

In time X X

In space X

State of the art of HD-modeling rainfall-runoff
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Methodology HDRRM

/ Data \

»

Percipitation DWD RADOLAN YW 5min
Hydrological soil classes

l« Usage of data in high resolution
® for DEM, precipitation, landusage

T
N =

é : )
Model choice L EMAG2D
Suitable HD models

. J

‘ <

( Validation

TRITEN TUM
/Demands \

The HD-model has to be able to
e simulate varying precipitation in time
and space.

and soil.

Calculation of infiltration as sink term
at each node

Case study for the two neighboring catchements Simbach

\and Triftern. Kalibration Simbach, Validation Triftern.

® The quality of the simulation procedure
shall be validated using case studies.

» /
Goal

Validated HydroDynamic Rainfall-Runoff
Model HDRRM
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HiOS
Methodology HDRRM -

x1(ﬁin]bach a. Inn (31.05.2016 00:00 - 02.06.2016 00:00)
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HiOS
Model-based hazard map generation —pluvial and fluvial scenario

Definition of risk area
Definition of pluvial and fluvial domain

r'} sub-catchments < 5km?
-t

Pluvial domain
(settlement area)

Fluvial domain
(inflow area)

~=, Area of sub-catchments < 5km?2
L‘l within pluvial and fluvial domain

Inflow points

O “sub-catchments

Definition of
sub-catchments
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Model-based hazard map generation — fluvial scenario

« Two scenarios: 100 a und 1000 a
« Separate precipitation in sub-catchments
« Simulation of fluvial domain using hydrological models — Interface to hydrodynamic model

at inlet points (BC)

Precipitation cell ,Down*

Precipitation cell ,Up*“

Fluvial flood extend from
precipitation cell ,Up*“
@ Coupling points

Fluvial flood extend from
precipitation cell ,Down*

Coupling points
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Model-based hazard map generation — pluvial scenario

« Rain just in settlement area taken into consideration
» Several precipitation cells are superposed
« end-emphasised, uniform rain, 100 mm /1 h

A Yy 8-
‘ . Pluvial flood extend caused by
Precipitation cells 1-5 s

precipitation cells 1-5
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HiO

Influencing factors

Hydrological influencing factors Hydrodynamic influencing factors
 Infiltration « Bottom slope

« Soil moisture * Roughness

« Sealing * Building density

« Rainfall intensity « Sewer drainage

« Rainfall distribution » Culverts and bridges
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Heavy precipitation characteristics

1h

Events in Bavaria (2001-2018)
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Extreme Niederschlagsereignisse, weltweit (Dyck/Peschke, 1995)
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H30S Precipitation characteristics

Fischach catchment (area ~120 km?)

‘ . ] 5.38
6.18 mm/5min
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5
5.36
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S
5 s 535
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> £
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s
12
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1
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| 0

1 1

0.14

0.15
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0.17 0.18 0.19 0.2
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Fischach catchment (area ~120 km?2)

- Most important variables:
duration, intensity,
distribution in space and time

—> State of the art: Tracking of
single heavy precipitation cells,
but until now barely statistics
for extreme precipitation
events

- Especially successive or
guasi-statiionary precipitation
cells result in high volumes,
but have not been treated
separately, yet.

northing [106 m]

5.36 (92.04 mm

80

5.355

[o}]
o

precipitation [mm]

535

4]
o

1
=
o

5.345]

w
o

20
5.34
10

0.17 0.175 0.18
easting [10% m]

Precipitation characteristics - eIaﬁp

LTCON TUT
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HiO5 Statistical analysis of precipitation characteristics
'+ 1(t,X,Y) mm] MM oma =89 km 180 min.
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presaturation

<
<

= DWD
warning threshold 4

WS4

»
»

Influence of precipitation and presaturat’iEnR I T@N T|.|T|

P duration
Q [m3/s] -
50 1h 4 h 9h
40
30
>
©
20
P vt
———— Initial stress
............. no Stress
- ---DVWK
S final stress
= temporal
2 distribution
€
. 30 2
2 2
20 >3
10
0
0 4 8 12 4 8 12time[h]

high

low

Variation for models LARSIM and WaSiM, the
results of both models are similar

Assessment using Random Forest und
Bootstrapping methods (MATLAB TreeBagger)

runoff volume

peak discharge peak lag time

—

- Intensity and presaturation dominate peak
discharge and runoff volume.

- Duration and less temporal distribution
influence the peak lag time.
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HiO5 Example of the validity of static soil informa@

Assessment example of available static soil data (Thesis of Simon Schweiger)
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Estimation of potential
Infiltration capacity

Mean potential infiltration volume from event
duration and soil types

E= reduction through silting-up
(=] crack volume }d K
[ matrix infiltration fy cracks
pore volume

I matrix infiltration
B matrix infiltration— surface

} biological macro-pores

- Variability of infiltration potential is very
high for all soil types — also for high
precipitation intensities

- Dependent on the event characteristics
the available pore volume or the matrix
infiltration is dominant

Literature basis: Ad-hoc AG Boden (2005), LEG (2020)
and Steinbriech et al. (2016).

Simplifications: saturated hydraulic conductivity, no
tension of the matrix, no hydrophobia, homogenious soil,
no sceleton, no backwater

[mm]
350
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200
150
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350
300
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200
150
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50
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Ereignisdauer

mnrrﬁ/}\\unTI

3h

i

- meadow orchard

- low soil density

— - no silting-up

- many biological macro-
pores

- many dry cracks

o
c
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silt ||

clay |

loam |

©
c
@©
n

loam [l

sitt Il

clay [[[|

- plow land in summer

- high soil density

- silting-up

- few biological macro-
pores

- no dry cracks

sitt J[THII
clay [|[[ll

©
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Influence of precipitation intensity on water depth and flow velocity
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HiO Influencing factors of runoff con

W

inundation depth classes
[ 0.10-0.20 m

Variation of roughness, slope, and settlement density B 0.20-0.50 m

DWD4 = 40mm/h ] 0.50-2.00m
B >200m

roughness slope building density
(Kulmbach Sid) (Baiersdorf) (Simbach)
cropland 15 m3/s

grassland 20 m/3/s
(forests < 10% of catchm.) 55 %

original

forest 10 m1/3/s
(crops and grass <
10% of catchm.)
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Influencing factor buildings & streets

at a building

BO0-0,1
[ 0,100000001 - 0,2
Emo.2-05
BO5-2

between flood extend and building
density
- Shape and orientation of buildings

5 .- ~29(Original) .- ™ % B - & ywth respect to flow direction is more
&8 REa@ Important.

Building density

NTUA Athens | TRITON Summerschool | 2022-09-05 | Broich, Pflugbeil, Mitterer, Kaiser, Disse karl.broich@tum.de 39



SN Hinweiskarte Oberflachenabfluss
N

‘&\ NN und Sturzflut
HiOS

TRITQN TUT

Influencing factor structures: Culverts & bridges

Comparison of an estimation of building dimensions from
aerial photograph and DTM (1x1 m?2) with a GNNS survey for
11 important buildin

not sign.
significant s
measured V¥

Measured bridge width [m]

15
°
°
10 °. o o
% o
‘9 e
5 0, 8° o .
o ® FlieRstrecke 13% ittl
oé ° o lichte Weite 138 mttl) '
0 2Ce |® o lichte Hohe Abw.
0 5 10 15 20 25

Bridge width [m] from aerial foto

- Culverts&bridge cross section has to
be measured.

- Estimates are not valid.

- Small bridges and culverts are prone
to clogging.
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Runoff concentration: culverts

Mapping of culverts in 40 catchments using digital elevation
model (1x1 m?2), areal photographs, land use data (ATKIS),
flow accumulation grids and sink polygons (CutFill)

50
y =21,1e-4,06x
x R2=0,301 example Stéckach
40 x culverts: 1.936
significant: 145
30 L X bridges: 30
X
20 | . X
........ Xx
X X_)e( < X x
10 o X X
) * ;Xx&( TR N % x
0 X

0% 10% 20% 30% 40%
significant share

not sign.
significant

- around 2 significant structures per km2 of catchment
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Influencing factor structures: Culverts

Study on the effect of culvert modeling:
example Triftern (Christof Hertle)

Modell 0 = continous stream model *

Modell 1 = hydrodynamic modeling of
culverts using measured diameter;

Modell 2 = hydrodynamic modeling of
culverts using estimates for the
diameter;

Modell 3 = non continous stream model

*) the stream bottom elevation is made monton falling in
flow direction; blockage by dams is removed (breaching).

Discharge [m3/s]

TRITQNTLITI

140

120

100

80

a0

40 +

20 f

E=Y o
T

Kumuliertes Volumen [m?]
[

measured
Modell 0
Modell 1
Modell 2
Modell 3

Kl 35 40 45 50 59
Simulation time [h]

=]
T

measured
Modell 0

10

Modell 1
Modell 2
Modell 3
20 a0 40 500 B0 70 B0
Simulation time [h]
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Legend
Buildings ¢

Influencing factor: sewer network s
Baiersdorf Water depth difference [m] ~ﬁ ]
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Water depth difference [m]

_ L . Histogram of the percentage of the difference
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Legend
Influencing factor: sewer network 1 Buidings
Kulmbach Sid <¢}>§ oy High : 06

Water depth difference [m]
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Influencing factor: sewer network

Simulation of flash flood event 1.6.2016, Simbach

Y8 A . 4

Sewer system

* tubes: 51,8 km

* Manhole: 1525

Outfalls: 22

* Pumps:3

* Punp failure:1

+ Sewage treatment plant:1

L 4

L 4

Inhabitants: 9954
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Catchments

[] Gauge catchments
Hydrological scale study

TRITEN TUM

Hydrodynamic influencing factors
E2 Hydrodynamic model comparison

@ Locations for hazard maps

Selected:

. Vie
! Kol
i Roe
Neu
Kir ¢ o
'._-.)' Tn
Sim
Wag
?
e Sta
3
7

24

- 40 gauge catchments with 34 (54)

heavy precipitation events for event
analysis and hydrological influencing
factors

- 56 locations for ,exemplary”

calculation of hazard map simulation
work flow
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Prozentuale Differenz des Gesamtvolumens [%]
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Results — Total volume difference [%0]

TRITQN TUT

n = 34, all events
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Results — Total volume difference [%)] n =34, all events, grey
n = 8, events > HQ50, bold
1000 |—
800 |—
600 |-
400 |
200 |- E ‘ ne — .
— ' - i : | :
: ' I : Y : :
| N L - : ‘ H
0 i_;_i ! — — i — % —— [—
= =H = =2 & = = - = -
| | | | | | | |
) = = hd m b m
% § § ;l gl g g
g S 2 2 2 2 e 7 = =
= i m

NTUA Athens | TRITON Summerschool | 2022-09-05 | Broich, Pflugbeil, Mitterer, Kaiser, Disse kaglobroich@tum.de



und Sturzflut

L - === = .Duu -—1 + —| uuBWIBNBAA-IIIS DS
- -{1 ]}----4 ,M,\m_m_ﬁ-___mom

- k- H_.---._ ,m,\u:._-___mom

- _.----._H_HH---._ L"TJx>>>o.___mom

L ----{ T[] }---+ + —%091210-11IS0S

- -] ]---A + — UUBWINOBM-ISOS
B T F----- q + — BI_RIL-ISOS

- T F---A + — anTIsos

| ---._H_HT---._ ,mflx>>>o-__wom

B b J---+ + | ys1010-11S08

- _ﬁ_H_ ||||| 4 o+ + —| uuewusyoBAN-ISOS
B T F----- 1+ + | 9RIULIS0S

- H F----- 4+ + — anTISos

L ._H_H_ ..... 4 + —MMAG-ISOS

| | |_”_H_. ||||| 4 .A_f — YI918IJ-I180S

L F - ._H_H_u -- -1 + + —| uueweEA-ZINT
. - -H_U- - + *MT —{aBIyL-ZINT

= |- H_UV|||._ + +—anran

\ T._HD---._,; ,m,\x>>>o-u:._

- |- - .EH_. ——q 4+ 4 + — Yoslaig-zinT

TRITEN TUTI

-+ + + _._Hm -+ - a3 wisyv
oo T} s
L s k-] + {93 Wwisem

o + b---4 ] }----- 4+ + Mg isem
Y ITT1T]---+ - —{msos-ovna1aL

- ---{1]---- + —usos-ovnaaL

Results — Peak difference [m3/(s*km?)]

@)
o . T 4H_M ——- v + I1S0S-OVNTTAL
T | | | | | _
™~ ) — [re o (o] ~ o o
— o o —

[(cwy,8)/.W] sjeneyss usyosyizeds cm.._mE_me sep zualaylq

kasllbroich@tum.de

NTUA Athens | TRITON Summerschool | 2022-09-05 | Broich, Pflugbeil, Mitterer, Kaiser, Disse




nd Sturzflut

>
A
%

2

)

W Hinweiskarte Oberflachenabfluss

TRITQN TUT

wn
@)
o=
L

_ _ _ [

- e T

s NEE NiiES -
S

> hU.. B _--Tm -n' +|
v 9

8 o= L T ]
g T

S AT e T H '
> v

v E - -
= o !
c > :

< ° - H I T ‘-
™M

nonE =TT =
c C

- +|

- ‘-

- i

_ i

| )

_ .

- "
—~ w
N W

- B *
4 W

x L 4
0 w
N—r H
~ i

3 | ’ul
£
Q

O | i
c m
) m
| - i
) m
Y i

= - -
©

4 — = +
© [T

o - - CHEE - -

P Tt -
- ;

E - e [ I -
7p) .

o I SEENEEE ‘-
ad | | | | | |
o © - 0 o 0 - o

— [ o
s)

[(;wy, s)/:W] sjanaysg uayssyizads ua|ewIXewWw sap zualayiqg

UUBULIDYOBA-IIISDS

SRIUL-NISIS

ZINT-1ISOS

HMMAQ-IIISOS

}I818IQ-IISOS

UUBUWLIBYOBAA-1SOS

2@ L-ISOS

ZINT-1ISOS

MMAQ-1ISOS

3I818I1J-ISOS

UUBULIBYOBMN-ISDS

9BIYL-ISOS

anT-ISos

HMAQ-ISOS

A931240-IS3S

UUBULIBNIBAA-ZINT

|_IYL-ZInT

zin-zn

MMAQ-ZINT

3o8181-ZIn7

g3 WISV

M8 WISHV

g3 WISeM

Mg WISeM

NSOS-0VINI13L

IISOS-OVINTTAL

ISOS-OVINTT3AL

kaskbroich@tum.de

NTUA Athens | TRITON Summerschool | 2022-09-05 | Broich, Pflugbeil, Mitterer, Kaiser, Disse



| + __| . ._L“Du n, - |_ -4 | I, UUBLISY2BA-TISOS

L + b-- ._HD- -4 — 8_IuL-IIISOS

\+ T._H_H_.--._ — ANTHNISOS

- _--._H_H_.._ P — MMAC-IIISOS
T3

——doy + —081210-1IISOS

- b--{ T ]--+ — UUBW}OBM-ISOS
- + [ ]--H — BIBIYL-ISOS

- + _H_U- R — 2ANTISOS

|+ _.._H_H_----._ + — MMAQ-IISOS

\+ --{ T }---4 —| ¥291210-11S0S

| _ - - 4 | UUBWISNOBM-ISOS

TRITEN TUTI

- _ e 4 —{91BIYL-ISOS

- | _ F-bemmmeee oo - 4 — ANTISOS
-] _ e e e T 4 | MMAC-ISOS

- _ R 4 — %991210-ISOS

— :
e - + b-- |_H_H— |||||| 14 _| uuewSNOBAN-ZINT
c
m -+ +_---._H_H_---._+ + — 2NN
)
o= - - [ ]----- 4+ — MMAQ-2NT
©
s - b----{ T JF---- 4 + | ¥oe121g-ZIN
n 4 :
E S , .
5 heb) . v HI )4 o+« a3 wisawn
g o ”
S o L e |- -4 + + Mg WISV
Heo] H
= = m
m (b} — | t k== ] e s —a3 wisem
£ 2 " — | . 4-- Mg nise
m R T + + |} |_H_Hv. 4 4+ A9 NISBM
2 2 I W
mw . + _:LH_ulL - —{sos-ovwa1aL
c (7)) |
= C :
I s +— ;
7 = | ---{  T}---4 + His98-9vNa13L
720 |
2 n |
%) =) I + ---4 T|-4--- 4 * —1s0s-0vW3 13l
AT I N | L |
Vs R

[y] sepunduszjeusyos sap zualayig

kagBbroich@tum.de

NTUA Athens | TRITON Summerschool | 2022-09-05 | Broich, Pflugbeil, Mitterer, Kaiser, Disse




TRITQN TUT

und Sturzflut

v

N

WY Hinweiskarte Oberflachenabfluss

io

7z H
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Results — Time to peak difference [h]
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Max. water depth

Pluviales Szenario
100 mmin1h
Fluviale Szenarien
N 100/ 1000

Max. water depth pluvial
0,10-0,25m
0,25-0,50 m
[ 0,50 - 1,00 m
I 1.00-2,00m
Il >200m
Max. water depth fluvial
vuu-vuom
0,05-0,10m
[ 0,10-025m
B 025-0,50m
I 050-100m
B 1.00-2,00m
I >200m

Hazard in flood flows
710,70 - 1,30 m*m/s

> 1,30 m*m/s

Il Gebsude

1 Modellrand

—— U-Grenze N100

—— U-Grenze N1000

0 225 450 m ,X
(I N
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Max. water depth

Pluviales Szenario
100 mmin1h
Fluviale Szenarien
N 100/ 1000

Max. water depth pluvial
0,05-0,10m
0,10-0,25m
0,25-0,50 m
0,50-1,00m
I 1.00-2,00m
Il -200m

Max. water depth fluvial

0,00-0,05m
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0,10-0,25m

I 0.25-0,50m

B 0.50-1,00m

B 1.00-200m

Bl -200m

Hazard in flood flow§

0,70 - 1,30 m*m/s
> 1,30 m*m/s
I Gebiude
] Modellrand
—— U-Grenze N100
—— U-Grenze N1000

0 225 450m ,X

Lo el N
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Summary

Historical Events

Event characteristics

« Short but heavy precipitation events do not
show significant clustering in Bavaria

» Precipitation characteristics of events are
very diverse and show a high complexity in
space and time

* Runoff coefficients show a large variability.

TRITEN TUM

Simulation results

The diversity of runoff generation results is
huge dependent on event characteristics
and model types.

A two-dimensional hydrodynamic model is
recommended to reproduce runoff
concentration dynamics.

As calibration is tendentially difficult for
small potentially ungauged catchments,
models without need for calibration are
preferrable — as long as they reproduce
major processes.

Recently developed models use
bidirectional coupling of in-/exfiltration and
two-dimensional runoff concentration

NTUA Athens | TRITON Summerschool | 2022-09-05 | Broich, Pflugbeil, Mitterer, Kaiser, Disse karl.broich@tum.de 58



SR Hinweiskarte Oberflachenabfluss .
N (f
‘&\\_\} \.}\ und Sturzflut I R I I (( —J N m

H10S
Summary

Hydrological influencing factors

* Precipitation is an important but not changeable influencing factor.

— Variables duration, intensity and wetted share of catchment dominate hydrographs
of heavy precipitation.

— Intensity and presaturation dominate peak discharge and runoff volume. Duration
and - less important - temporal distribution influence the peak lag time.

« Infiltration is influenced by soil condition (e.g., soil moisture) as well as by precipitation
intensity and with lower importance temporal distribution.
— Runoff volumes and peak discharge may be multiplied if soil conditions change.

— Soil conditions are hardly ever monitored and we could not reproduce them
satisfactory using simulations (potential draw-backs from weak calibration).
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Summary

Hydrodynamic influencing factors

« The slope factor has the greatest influence. The roughness has little influence on the
percentage of maximum water levels.

« Buildings can block runoff and divert flow (e.g. dam effect of terraced houses across the
direction of flow).

* Culverts and Bridges have low impact if they are well designed. They can have a
significant impact if they are blocked during the flood event (clogging hazard*) or not
modeled.

« The sewer network influences surface runoff . It usually has a low relieving effect for
extreme floods. However, if the sewer network is overloaded, there can also be significant

water flow from the sewer system.

*) Clogging is a so called cascading hazard like f.i. dam-break.
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Summary

Model-based hazard map generation

Hazard maps — an important tool for risk communication

« ... provide indications of a possible risk of surface runoff and flash floods and thus serve to

raise awareness of the topic of heavy rain hazards.

« ... are an aid for interested citizens, municipalities, as well as specialized planners and
ministries.
« ... should encourage citizens and communities to assess their individual risk situation.
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Conclusion

TRITQN TUTI

Problem

Activity
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HPC-system

LRZ-Cluster CoolMUC2
* Number of nodes 384
» Cores 28 per node

* Prozessor 2.6 GHz

LRZ-Cluster SuperMuc-HW
* Number of nodes 3072

» Cores 28 per node

* Prozessor 2.6 GHz

Input

Domain A with
parameter set

Domain B with
parameter set

Domain C with
parameter set

Domain D with
parameter set

T

Cluster Results

1

mxnxN Results A"®
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Domain E with mxnxN Results D

parameter set
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HPC Scaling test

1 node = 28 cores

Optimal node number : 4
(= 112 cores)

64,00

32,00

16,00

8,00

Speed-up

4,00
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1,0

TRITEN TUM

Speed-up of TELEMAC-2d v7p3rl with spatial rainfall extension
for Simbach test case
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