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Extreme Weather Layer

What is it?

One of main
A combination outputs of the
of hydraulic modelling NOAH Project

and municipality’s spatial planning
GIS database.

How does it do?

Connects the results of a rainfall-runoff model and hydraulic model of urban stormwater
system with the cadastral maps to visualize the plots of the urban areas under flood hazard.

Why?

These plots should be used for planning and future development of the urban areas in
order to avoid increase in the flood hazard. Different climate scenarios are incorporated to
EWL allowing to analyze the mitigative effects of stormwater management solution.




joe
GDANSK UNIVERSITY Flnterreg oy

DEVELOPMENT

OF TECHNOLOGY Baltic Sea Region FUND

EUROPEAN UNION

Extreme Weather Layer

To whom it refers?

One of main
Urban planners can utilize it to gain outputs of the
information about flood hazard areas in NOAH Project

the present and future and to develop
climate-resilient cities.

When?

Based on the observed latest intensed natural hazards, there is a strong need for
incorporating climatic scenaris into the spatial planing in cities and adaptation.

In the BSR NOAH project, the EWL has been piloted in eight pilot sites in the Baltic Sea region. With the
information acquired by testing the tool in a flood hazard area, the selected areas have been equipped
with suitable water management and/or measurement technologies. By enhancing the water
management conditions in an urban area, spillages of wastewater in flood events can be decreased —
which helps to reduce overflows of nutrients and harmful substances into receiving water bodies,
especially the Baltic Sea.
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Main steps in the implementation of EWL

Preparation of inputs

Development of hydrologic and hydraulic model

Definition of climate scenarios

Identification of flood-prone locations

Definition of flood hazard classes based on acceptable flood rates, volumes or durations

(((K?

The next steps enabled by the EWL are:

¢ (1) Adjustments in the spatial planning — inclusion of measures minimizing the flood hazard

e (2) Testing of the adaptation scenarios with the use of numerical model

e (3) Identification of flood-prone locations (if still exist)

e Back to (1) ...

€E€E€L
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Implementation of EWL — The Stupsk case study

* Preparation of inputs

Y

Definition of the spatial extent Is it the entire city
or a part of it?

Y

Definition of the desired spatial
resolution of outputs

» Preparation of GIS layers
characterizing the sewer

system In Stupsk:
~ 2
» Delineation and 22 km
parameterization of ~ 170 km
catchments of sewer
pipes

» Acquisition of data regarding
the precipitation (and other
inflows)
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Implementation of EWL — The Stupsk case study

* Preparation of inputs \

» Definition of the spatial extent How much detailed should be the model?
= Scalled down to each manhole or only the main collectors?
» Definition of the desired spatial = All system or selected part?
resolution of outputs Outputs should include:
_ = flood rates, volumes and durations
» Preparation of GIS layers = Spatial extent and depth of flooded area
characterizing the sewer
system
Conduits
> Delineation and g’;:‘;?;’t"ed
parameterization of @D combined

catchments

» Acquisition of data regarding
the precipitation (and other
inflows)
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* Preparation of inputs

Definition of the spatial extent

Definition of the desired spatial
resolution of outputs

Preparation of GIS layers
characterizing the sewer

system

Delineation and
parameterization of
catchments

Acquisition of data regarding
the precipitation (and other
inflows)

)

May include:

= Surface elevation

= Depths of manholes

and conduits

= Cross-section
geometry

= Materials, age and
other parameters
affecting the flow /
friction / infiltration

= Tanks, pumping
stations, overflows,
flow regulation
devices (gates,
weirs)

Dept|

S

¢ 151-175
¢ 17.6-20.0
© 20.1-30.0

¢ 50.1-55.0
* 55.1-60.0

h (m a.s.l.):
11.8-15.0

30.1-40.0
40.1-45.0
45.1-50.0

60.1-70.0
Study area
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Implementation of EWL — The Stupsk case study

* Preparation of inputs

el . . Depth (m a.s.l):
» Definition of the spatial extent May include: . 11.8-15.0
¢ 154 -175
ey . . . 17.6-20.0
» Definition of the desired spatial = Surface elevation S0
resolution of outputs = Depths of manholes E——
H 400x600 —— 150
» Preparation of GIS layers and conduits R
characterizing the sewer =  Cross-section e —
- 700x1000 — 300
system geometry —— 700x1050 —— 315
~——— 800x1200 —— 350
—— 850x1100 —— 400
. . u i —— 900x1200 —— 450
> Delineation and Materlals' age and —— 900x1300 —— 500
—— 900x1400 — 600
parameterization of other parameters 0001400 — 800
affecting the flow / e ey
catchments 63 ——1500
friction / infiltration 0 Osudyaea
» Acquisition of data regarding

= Tanks, pumping
stations, overflows,
flow regulation
devices (gates,
weis) R AR =R - IR

the precipitation (and other
inflows)
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* Preparation of inputs

Definition of the spatial extent

Definition of the desired spatial
resolution of outputs

Preparation of GIS layers
characterizing the sewer

system

Delineation and
parameterization of
catchments

Acquisition of data regarding
the precipitation (and other
inflows)

)

May include:

= Surface elevation

= Depths of manholes
and conduits

= Cross-section
geometry

= Materials, age and
other parameters
affecting the flow /
friction / infiltration

= Tanks, pumping
stations, overflows,
flow regulation
devices (gates,
weirs)

o

Depth (m a.s.L.):
« 11.8-15.0
¢ 1561-175
« 17.6-20.0
« 20.1-30.0

N1 _AnnN

Cross section: 100
250x350 125
400x600 — 150
500x750 —— 160
500x850 —— 200
550x800 225
600x900 —— 250

- 700x1000 — 300

~——700x1050 —— 315

~——800x1200 — 350

—— 850x1100 —— 400

= QN0x1200 —— 450

Material:
— Virtified clay
PVC

“RPE
— Brick
—— Concrete
—— Polymer concrete
— Reinforced concrete
—— Grey iron

O Study area
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Implementation of EWL — The Stupsk case study

* Preparation of inputs ‘

Conduits
Sewer system
D Separated
» Definition of the spatial extent May include: SN
» Definition of the desired spatial = Roughness
resolution of outputs coefficients
» Preparation of GIS layers = Existing retention
characterizing the sewer potential (e.g. BGI)
system
= Sources of pollution WASTEWATER
» Delineation and

» Acquisition of data regarding -

% of impervious .
the precipitation (and other

parameterization of = Type of inflows :
catchments ) = Slopes m

areas 0
inflows) RAIN
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Implementation of EWL — The Stupsk case study

* Preparation of inputs \

Conduits
Sewer system
OSepar.ated
> Definition of the spatial extent May include: S Rammin
» Definition of the desired spatial = Roughness
resolution of outputs coefficients
» Preparation of GIS layers = Existing retention O
characterizing the sewer potential (e.g. BGI) : :jfjg
system <;>45:50
= Sources of pollution S
» Delineation and _ - i
parameterization of * Typeofinflows :122:22
catchments ) = Slopes )
» Acquisition of data regarding = % of impervious

the precipitation (and other
inflows)

areas
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Implementation of EWL — The Stupsk case study

* Preparation of inputs \

Conduits
Sewer system
D Separated
» Definition of the spatial extent May include: i
» Definition of the desired spatial = Roughness
resolution of outputs coefficients
» Preparation of GIS layers = Existing retention =
@& 25-35
P : @ 36-40
characterizing the sewer potential (e.g. BGI) @15
system . — «;?:g
= Sources of pollution @ 56-65
> Delineation and _ - i
. . . A7 e o
parameterization of Type of inflows :122122
i ious [%]
catchments ) = Slopes g (%
@ 15.1-30.0
e el . @ 30.1-400
» Acquisition of data regarding = 9% of impervious ::21223
the precipitation (and other areas @ 501550
. @D 55.1-60.0
|anows) @D 60.1-65.0
@ 65.1-70.0
@ 70.1-818
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* Preparation of inputs

Definition of the spatial extent

Definition of the desired spatial
resolution of outputs

Preparation of GIS layers
characterizing the sewer
system

Delineation and
parameterization of
catchments

Acquisition of data regarding
the precipitation (and other

inflows)

Precipitation:

tmin]) tlh] e ozezm;ir;::m:w[.mmi:ent]a;%pmb::;"w:;;ccu;(r::me;n% 100%

Characteristic rain events 5 18.99:18.00 16.61:15.50 14.31:13.57 12.59:111.14 9.49 | 6.74 2.42
to be analvzed (duration 10 26.96:25.52:23.52:21.91:20.20:19.14 117.72:15.63113.25; 9.28 ' 3.04
& probability) 15 31.93,30.23 127.85,25.93 1 23.89.22.63 20.94 18.45 ' 15.63;10.90 | 3.47
30 40.84 38.66:35.61 33.15 30.53 28.91:26.76 23.57 19.94.13.80 4.36

. . 60 | 1 53.20:49.45 45.45 42,98 : 39.68 34.81 :29.28120.03 : 5.48
Tlm_e ser.les for_long 1201 2 (72 18158.76 54.04151.12 47.24141.49 34.95!24.05 6.89
perlods if FEQUIFEd by the 180 | 3 57.11:54.06 50.00 44.00 37.19125.80, 7.88
city 360 6 50.28 54.94:4853 41.24:29.06 9.91
20 7 60.51°56.11:49.60 42.21:29.86 10.42

. 480 ;| 8 57.14.50.55 43.07 30.56 ' 10.89
Other inflows 540 9 51.41 43.84 31.21111.32
. . 600 | 10 52.1944.55 31.80 11.72
Infiltration 660 | 11 52.91.4521:32.34 12.10
. 720 | 12 53.58 45.81:32.85 12.45
Production of 780 13 |93.38 8852 81.78:76.36 70.58 67.00 62.24 55.19 47.19 33.82 12.78
wastewater (|n case of 840 ¢ 14 56.65 48.43:34.70 13.10
. 900 : 15 58.01°49.60:35.53 13.40
combined sewer 9%0 @ 16 59.30:50.69;36.31 13.69
systems) 1020 17 60.51:51.72 :37.05 13.97
1080 ! 18 37.76:14.23

= Preferably including 11401 19 38.42 14.49
spatial and temporal 1200 20 e 1174

. 1260 21 39.68 14.98
variations 1320 22 40.26 15.21

1440 | 24 41.37 15.65

=  May require information
about water consumption
and inflows to the WWTP
in dry seasons




Joe- =
GDANSK UNIVERSITY il interreg RERN
S OF TECHNOLOGY Baltic Sea Region M 5o

EUROPEAN UNION

Implementation of EWL — The Stupsk case study

* Preparation of inputs

2002
@ Rain gauges
"NS\ - /‘.200\5 e Catchment: - r:in gauge ID
: 2001
o . Precipitation: ' 2001 2002
> Definition of the spatial extent o ' ® 2003
=  Characteristic rain events e
» Definition of the desired spatial to be ana!yzed (duration i
luti f outout & probability) o Hour Wastewater [m3/h]
resolution of outputs 203,700
P = Time series for long 1o
e e o 2 EE]
. riods if requir 10630
» Preparation of GIS layers Eii ods ITrequired by the 2 a2
characterizing the sewer Y || Menth lefitration[m3/hl] . preyyry
Other inflows - ! 6
system . filtration T ——
&4 3 679.0 i | |
. . . 7 B 200.0
> Delineation and = Production of i 176.3 o [EXEEET |
- q D o | 10 |
parameterization of wastewater (in case of o © 1
catchments combined sewer o 7 95.3 0 12
systems) o 8 BEE) 5 |
. . 5 - 14+ RN | |
> Acquisition of data regarding " Preferably including o 0 EEEEE | |
spatial and temporal HEEL 2220 16
ipitati variations ki 2126 '
the preCIDItatlon (and Other 12 17 615.1 B | !
inflows) = May require information ' 18 -
about water consumption CEENGo0.2
and inflows to the WWTP 20
in dry seasons u |
22
23
24 BN |
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A5 e Development of hydraulic model

Storm Water Management Model (SWMM) used in the EWL

&=

Report Teols Window Help

e ojet
DEES AN ¢ BvEEES #8 N ©o0QaHE PHOVOE-CBMEAT

&
N\ Oulow -man pumping laton and €SO

o / lisstss
N

S EE

$580EHBBRE

| 88y Profi: Node 3570 - T1.20011

FRERRENRNES

Water Elevation Profile: Node 3970 - T71-20811

seepf 3f8RiBaREEEE 58

N,

Model validated with
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e R=0.74
* NSE=0.55

Wet period
e R=0.83
* NSE=0.63
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Implementation of EWL — The Stupsk case study

A

e Definition of climate scenarios |

/4
. . 1050
Climate scenarios analyzed ——a-RCP45S
; 1000 a-RCP8.5
in Stupsk o
T 950 /'\\//
£
> RCP4.58&RCP8.5 £ o WJ*W
i . ) 850
> TWO horlzons. 2051 2060 2021 2031 2041 2051 2061 2071 2081 2091
and 2091-2100
Probability Scenario
Rainfall events were analyzed: Current
RCP 4.5 2051-2060
» Duration: 20-minute 50% RCP 4.5 2091-2100
RCP 8.5 2051-2060
» Return period: 2 and 20 years RCP 8.5 2091-2100
(p=50% and p =5%) Current
RCP 4.5 2051-2060
5% RCP 4.5 2091-2100
RCP 8.5 2051-2060
RCP 8.5 2091-2100
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Implementation of EWL — The Stupsk case study

e |dentification of flood-prone locations J

P 50% baseline [m?]

. o, . no flood (count 5353)
¢ Definition of flood hazardclasses ] 05 count 63
5-50 (count 22)
@® >50 (count 23)
---- Conduits
. o ;w;wai\;ea included in
EWL enables various types of flood
hazard visualization
» An example of manholes and flood
hazard classes based of the flooding
flow rate ) _—
I — N
Classes - total flooding [m3 ) m?
Probability Scenario g [m3] P 0 RePes 2091 [m]
0'1 1' 10 no flood (count 5319)
Current 63 22 g’;‘wu"m’
-50 (count 40)
RCP 4.5 2051-2060 | 60 26 @® >50 (count 33)
50% RCP 4.5 2091-2100 | 68 27 g::f::: e
RCP 8.5 2051-2060 |70 32 © s
RCP 8.5 2091-2100 | 69 40
Current 89 46
RCP 4.5 2051-2060 |91 a7
5% RCP 4.5 2091-2100 |94 45
RCP 8.5 2051-2060 | 103 43
RCP 8.5 2091-2100 | 102 42
0 1 km
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Implementation of EWL — The Stupsk case study

e |dentification of flood-prone locations }

¢ Definition of flood hazard classes ]

EWL enables various types of flood
hazard visualization » Overflow to the Stupia river

2400
» An example of manholes and flood 2300 a 050 baseline

hazard classes based of the flooding B

flow rate 2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900 p5 baseline

800

700

600 p5 RCP4.5 2051

500

400

300

200

100

]

p50RCP4.5 2051

p50RCP4.5 2091

p50RCP4.5 2051

p50RCP3.5 2091

flooding [L/s]

p5 RCP4.5 2091

p5 RCP8.5 2051

0:01:00
0:11:00
0:21:00
0:31:00
0:41:00
0:51:00
1:01:00
1:11:00
1:21:00
1:31:00
1:41:00
1:51:00
2:01:00
2:11:00
2:21:00
2:31:00
2:41:00
2:51:00

p5 RCP8.5 2091
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CONCLUSONS

EXTREME WEATHER LAYER

Is important tool that can be used to analyze the urban areas’ resilience using different climate
and future development scenarios.

Moreover, this tool can be used by a municipality and/or water utility to pre-design adaptive
measures like blue-green infrastructure or smart storm water systems .

Specific technical requirements and descriptions can be derived from analyses of EWL results
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Thank you

The investigation was carried out with in the NOAH project - INTERREG BSR no #
R0O93 "Protecting Baltic Sea from untreated wastewater spillages during flood
events in urban area"
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