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STORMWATER MANAGEMENT
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Name der Versuchsflache Kies KFz KFO KFU
Messreihe 2014-2017 2014-2015 2014-2017 2014-2017
Gebaut 1999 1999 2001 2001
Versuchsflache in m? 103,79 112 206,16 150,62
Dranage keine Noppenmatte Schittdranage Schittdranage
Substrattiefe in cm 16 10 10 10

Typ des Substrats Kies Ziegelbruch Systemsubstrat Systemsubstrat
Vegetation keine gut gut wenig
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Reed contact
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INTENSITATSBEZOGENE KALIBRIERUNG DER ABLAUFKIPPEN
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Event- Date Rain Gravel roof Green roof
number
Zf;’lcilti::'g? Duration [h] I}Lr;nrz];f Runoff coefficient I}‘;nr:];f Runoff coefficient
1 09.10.14 6.3 5.2 5.3 0.84 2.6 0.41
2 11.10.14 8.6 6.1 8.2 0.96 4.0 0.46
3 13.10.14 4.1 71.2 3.1 0.75 1.2 0.30
4 17.10.14 5.8 1.8 5.0 0.87 2.2 0.38
5 19.10.14 50.3 64.3 39.8 0.79 21.7 0.43
6 21.11.14 2.3 2.1 1.0 0.45 0.0 0.00
7 24.11.14 8.1 3.7 7.1 0.88 3.1 0.39
8 07.12.14 20.8 258.9 16.9 0.92 9.1 0.52
9 07.01.15 54.1 202.4 43.1 0.80 26.4 0.49
10 01.03.15 13.0 54.0 7.9 0.61 2.8 0.22
11 29.03.15 62.2 96.4 39.5 0.63 18.4 0.30
12 25.04.15 40.8 48.8 23.8 0.58 4.2 0.10
13 30.04.15 10.1 14.3 4.7 0.46 0.6 0.06
14 03.05.15 11.2 4.6 5.9 0.53 0.5 0.04
15 05.05.15 20.1 12.5 11.9 0.59 6.1 0.30
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YEARLY RUNOFF



800

700

600

Depth of Water [mm]

===1. PRECIPITATION NSAL
= == 3. PRECIPITATION NS
+eeees 4, PRECIPITATION Trollen

2014

oot

.
.

K
Leud
ceeeet®
esntsessssen®

== 1. EXTENSIVE GREENROOF (KFU/m?) == == 2. EXTENSIVE GREENROOF (KFO/m?)

e GRAVEL ROOF (KFS/m?)

«+es22 3, EXTENSIVE GREENROOF (KFZ/m?)

Folie 14




Vegetation periode

2014

800

a
8

"
8

Depth of Water [mm]
g 8

5

4 & & ‘ ’

O O ha e Ry

g & L & g ¢ E S B i B
—— 1. PRECIPITATION NSAL

= = 3. PRECIPITATION NS
++++++ 4 PRECIPITATION Trollen

~——— 1. EXTENSIVE GREENROOF {KFU/m?) — — 2. EXTENSIVE GREENROOF (KFG/m?)
——GRAVELROOF (KFS/m?)  =eeems 3. EXTENSIVE GREENROOF (KFZ/m?)

2016

Depth of Water [mm]

——— 1. PRECIPITATION NSAL

1. EXTENSIVE GREENROOF (KFU/m?) = = 2. EXTENSIVE GREENROOF (KFO/m?)

== 2. PRECIPITATION NSB
=3, EXTENSIVE GREENROOF (KFZ/m?) «+-+-- 4. PRECIPITATION Trollen

= =3 PRECIPITATION NS e GRAVEL ROOF (KFS/m?)

2015

Depth of Water [mm)]

——— 1. EXTENSIVE GREENROOF (KFU/m?) — — 2. EXTENSIVE GREENROOF (KFO/m?) ——2. PRECIPITATION NSB
——GRAVEL ROOF (KFS/m?) ++ee2+ 3 EXTENSIVE GREENROOF (KFZ/m?) «+++++ 4. PRECIPITATION Trollen

2017

Depth of Water [mm)]

o & P & & &
& ¥ A% v v ¥
& & S & & -§

N N N [\ N g

== 1. EXTENSIVE GREENROOF (KFU/m?) 2. PRECIPITATION NSB

= GRAVEL ROOF (KF5/m?)

2. EXTENSIVE GREENROOF (KFO/m?)
+see02 4, PRECIPITATION Trollen

Folie 15




Folie 16

Year Rain Gravel roof 1. Green roof 2. Green roof 3. Green roof
(average) (KFU) (KFO) (KF2)
Precipitation Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff
depth [mm] [mm] coefficient [mm] coefficient [mm] coefficient [mm] coefficient

2014 579,23 444,01 0,77 133,82 0,23 140,08 0,24 206,88 0,36

2015 505,37 403,79 0,80 231,53 0,46 187,76 0,37 220,13 0,44

2016 505,86 426,16 0,84 235,60 0,46 163,16 0,32

2017 590,46 521,37 0,88 173,81 0,29 138,10 0,23

Average 545,23 448,83 0,82 193,69 0,35 157,27 0,29 213,51 0,40
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Year Rain Gravel roof 1. Green roof 2. Green roof 3. Green roof
(average)
Zf;’lcﬁlt?\:ﬁ? Runoff [mm] coi?fri‘cc?:nt Runoff [mm] coi?fri‘cc?:nt Runoff [mm] coi?fri‘cc?:nt Runoff [mm] cor\(’a:";i]::)i:cnt
2014 391 256 0,65 48 0,12 48 0,12 101 0,26
2015 238 166 0,70 39 0,16 19 0,08 39 0,16
2016 231 155 0,67 45 0,19 21 0,09
2017 380 307 0,81 74 0,19 56 0,15

Average 310 221 0,71 52 0,17 36 0,11 70 0,21
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EVAPOTRANSPIRATION
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Evapotranspiration on a 10cm green roof under summer conditions —
Neubrandenburg/Germany
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Evapotranspiration on a 16cm green roof under summer conditions —

Neubrandenburg/Germany
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March - 5 minutes measurements (n=31)
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Klimadiagram

60
55
E
un
N
o
~
oo
=£ 50
L
e
=
20
4 . N 9
- B o ——
Q ) N
- ~——_ J
=2
n
(4]
s
40-\_‘-!—\-’__/*-\’\_‘\—&-'\— W
35
© O O O O O O O O O O O O O WO O N D AD D B D D D o o N o o Wb
PSP P S S S e T P P P S N S S S P P P R R S T
g "y " S " s s s o S - < S " S " e s i i s s O it - s R
O P PP O PO P OO PO O PP OO PO OO PP QPO
el s 60 © AT @ OO B AT 6T 00 AT BT O O A A e AT B 00 QY N
I GV AR TN TN A PN AN N N SN T e S Rl L T ol VS A S v A Y

——Gravel roof 16cm

March - 5 minutes measurements (n=31)

Green roof 16 cm, Soil A

Green roof 16 cm, Soil B

Green roof 16 cm, Soil C

Folie 28



0,50

0,30

o o
[y =Y
o o

Mean Weight Change (kg)
&

-0,50

-0,70

arch - Average daily evapotranspiration for 0.25m* (n=17)

T

S -"",;\:'

-_11 —21, =—31 —41 —13. =— 23, — 33, — 43, — 14 — 24, — 34 — 44 — 1.5, — 2.5,

—3. —— 5 — ALt — 2. ——3]. —— 47. —— 1.8, — 2.8, —— 38 — 48, —19 ——29 —39 ——49

—110 —2.10 —3.10 —4.10 —1.12 —2.12 —3.12 412 —113 —213 —-313 ——4.13 —— 114 2.14

—314 ——414 1.15 2.15 3.15 415 ——1.16 2.16 3.16 4.16 1.17 217 3.17 4.17
1.18 2.18 3.18 418 119 2819 819 4.19 1.20 2.20 3.20 4.20

Folie 29




Folie 30

=17)

March - Average daily evapotranspiration for 1m? (n

1,00

o
<
o

(]

g 8 8
" (8%) 98uey) ySiom

-4,00

uea\

8

-6,00

-7,00

Green roof 16 cm, Soil B Green roof 16 cm, Soil C

Green roof 16 cm, Soil A

Gravel roof 16cm



-1

-2

-3

Kl

-2

-3

January (n=9)

February (n=16)

March (n=29) Folie 31

0 |
- p——— 0 | —
— :
000102030405060708091 181920212223 00010203040506070809101112 0001020304050607 0809101 3
1 1
2 -2
3 -3
April (n=21) May (n=24) June (n=25)
—— 0 |- 0 | —
0001020304050607 08 12131 3 000102030405060708091044.1213 14151617 181920212223 000102 03040506070 T 3
\ - 8 ! - To— ! | ¥
2 2
3 3
July (n=34) August (n=23) September (n=24)
| 0 0 — =
00010203040506%3051\ 14151617181920212223 00010203040506070809.401112 000102 03040506070809101112
| \ ) \ )
= ) : 2
-3 -3
October (n=25) November (n=22) December (n=7)
L 0 |- — 0 (= —
000102030405060708M3 0001020304 050607080910 111213141516 17484920213333 000102030405060708091 4 18 3
1 1
g 2
3 3




[°mm]

80

60

40

20

-20

-40

-60

-80

-100

Monthly evapotranspiration ( 20

Folie 32

15 - 2016)

30
- 20

- 10

mm GRAVEL ROOF
1. EXT. GREEN

-0 >  ROOF

o = 2. EXT. GREEN
ROOF

L, Em3.EXT.GREEN
ROOF

-30

-40

-50




IRRIGATED EXT. GREEN ROOFS
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USB 4 (mit 3,5 cm Anstau) USB 3 USB 2 USB 1
Aufbau Hoéhe Gewicht Aufbau Hoéhe [em] Gewicht Aufbau Hoéhe [em] Gewicht Aufbau Hoéhe [em] Gewicht
[em] wasserges. wasserges. wasserges. wasserges.
[kgl [kgl [kgl [kgl
Schutzlage 0,28 0,58 Schutzlage 0,28 0,58 Schutzlage 0,28 0,58 Schutzlage 0,28 0,58
Retention 8,50 10,15 Retentionsbo 8,50 0,38 Dréan- 2,50 1,28 Dréan- 2,50 1,28
sbox X Speicherelem Speicherelem
ent ent
Filtervlies 0,10 0,00 Filtervlies 0,10 0,00 Filtervlies 0,10 0,00 Filtervlies 0,10 0,00
Ext.- 12,00 43,20 Ext.-Substrat 12,00 43,20 Ext.-Substrat 12,00 43,20 Ext.-Substrat 6,00 21,60
Substrat leicht
leicht
Sedum- 2,50 Sedum-Gras- 2,50 Sedum-Gras- 2,50 Sedum-Gras- 2,50
Gras-Kraut Kraut Kraut Kraut
20,88 56,43 20,88 46,65 14,88 47,55 8,88 24,95
USB 1-3 (kuras) USB 4 (kuras)
Aufbau Hohe Gewicht Aufbau Hohe [cm] Gewicht wasserges. [kg]
[em] wasserges. [kg]

Filtervlies 0,10 0,00 Kies (16 -—32) 10

Ext.-Substrat 16,00 57,6 10 80

Sedum-Gras- 2,50

Kraut

16,10 60,10
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1. Bewd&sserung (24.07.2018 je 40mm)
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2. Bewadsserung (07.08.2018 je 40mm)
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3. Bewasserung
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1. Wasserung (24.07.2018, je 40mm)
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= |JSB3_opti_daily_m? == USB2_opti_daily_m? == USB1_opti_daily_m? == USB4_opti_daily_m?

= USB4_kuras_daily_m?=== USB1_kuras_daily_m? === USB2_kuras_daily_m? == USB3_kuras_daily_m?




ET [mm]

Tagliche Verdunstungsleistung

Tag

y =

,4751In(x)

-y,7143 1.
0,A90rdmh USB1_op
- 40644
5HR4FH m”
-5539, 2.
*#=0,547 ysB4_op

ti_daily_

ti_daily_
mZ

*1.
USB3_opti_
daily_m?

m2.
USB3_opti_
daily_m?

A3,
USB3_opti_
daily_m?

ET [mm]

ET [mm]

¢l
USB2_opti_
daily_m?

m2.
USB2_opti_
daily_m?

A3,
USB2_opti_
daily_m?

¢l
USB4_opti_
daily_m?

m2.
USB1_opti_
daily_m?

A3,
USB1_opti_
daily_m?

ET [mm]

ET [mm]

e 1.
USB1_kuras
_daily_m?

m2.
USB1_kuras
_daily_m?

A3,

USB4_kuras
_daily_m?

¢ 1.
USB3_kuras
_daily_m?

m2.
USB3_kuras
_daily_m?

A3

USB3_kuras
_daily_m?

ET [mm]

ET [mm]
")

Folie 42

e 1.

USB2_kuras
_daily_m?

m2.

USB2_kuras
_daily_m?

A3

USB2_kuras
_daily_m?

¢ 1.
USB4_kura:
_daily_m?

m2.
USB4_kura:
_daily_m?

A3

USB1_kura:
_daily_m?




ET [mm/Tag]

10

11

12 13 14 15 16 17 18

Tage nach Bewadsserung

19

20

21

22

23

24

25

26

27

28

29

30



ET [mm/Tag]

-1,5

-2

10

11

12 13 14 15 16 17 18
Tage nach Bewadsserung

19

20

21

22

23

24

25

26

27

28

29

30



ET [mm/Tag]

-1,5

-2

10

11

12 13 14 15 16 17 18
Tage nach Bewadsserung

19

20

21

22

23

24

25

26

27

28

29

30



ET [mm/Tag]

Tage nach Bewadsserung



ET [mm/Tag]

10

11

12 13 14 15 16 17 18

Tage nach Bewadsserung

19

20

21

22

23

24

25

26

27

28

29

30



ET [mm/Tag]

[

—e—8,5 cm (Ret.) +12 cm
2,5 cm (Dran) +6 cm

——16cmA

10

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25

Tage nach Bewadsserung

—e—2,5cm (Drén.) +12 cm
—e—38,5 cm (Ret. Incl. 3,5 cm Anstau) +12 cm

—e—Kies



Folie 49

Temperature reduction with irrigated extensive green roofs (06.06.-16.08.2017)
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Temperature reduction with irrigated extensive green roofs (18.06.-
22.06.2017)
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Average summer temperatures on irrigated extensive green roofs
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Temperaturreduzierung durch bewéasserte Griindacher (Zeitraum: 23.07.-27.07.2018, ufaFabrik Berlin)
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JUST A COOL ROOF.




