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Comparison of heat mitigation effects of blue roofs and green roofs on building wall temperature and thermal
outdoor comfort based on scenario analyses using 3D microclimate modelling for a dense urban district
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Motivation: Research Goals
- Due to global warming, heat stress is becoming a major challenge in urban areas. (1) Development of a new parameterization for wet roofs in ENVI-met.
- An intensification of the urban heat island effect is observed and expected. (2) Simulation of rainfed nature-based solutions on buildings using the physically-based
- Climate change adaptation measures are needed to mitigate heat stress and health risks, microclimate model ENVI-met for an urban high-density area in Cologne/Germany.
and should cool down indoor and outdoor conditions. (3) Evaluation of scenario analyses (green & blue roofs) to quantify potential cooling effects.

- Measures like green, blue or blue-green roofs are a promising scalable approach aiming to
substitute sensible and wall heat flux by latent heat flux.

- Cooling effects of evapotranspiration-based measures are limited by water availability.

- Coupling rainfed water storage systems e.g. cisterns with PV-driven pumping systems for
green/blue roofs holds the potential to mitigate drought, heat as well as reduce floods.

- A parameterization of wet roofs in urban microclimate models is currently not available.

2) Model Calibration and Validation:
- Model validated using quality-controlled, densely-distributed microclimate sensor network.
- 59 NETATMO sensors measuring in 5 min. resolution: Temperature, humidity, wind speed.
- Accuracy of sensors regularly checked by re-calibrations under laboratory conditions
and direct comparisons with research-grade meteorological sensors in the field.
Methods: - High long-term stability and consistency: RMSE = 0.059 °C and 1.41 % rel. Humidity.
- Good significant model fit between measurements and ENVI-met outputs: NSE = 0.94

1) ENVI-met Model Setu P. (2 X2 X2 meter spatial resolution, 1 second temporal resolution)
3D gridded 16 ha model domain of an urban high-density area in the city of Cologne/Germany.
- Parameterized using field measurements and remote sensing.
- Model driven by a setup research-grade meteorological station in the study area.
- Simulation of a 20-year heat event in summer 2022: 18™-20% July (72 hours).

3) Parameterizations of Blue and Green Roofs:

Green Roofs

- Green Roof: 4 cm sand and 12 cm peat as a
roof greening substrate: Emissivity = 0.95,

Model Validation: NETATMO sensors,
installed under uniform controlled

4) Szenario Design: fgg‘ig‘t}‘(jn”;rigt;@fig;“gr{ preawith s00m) Albedo O.30,_Water Coefficient of Substrgt_e to
Plant 1.00, Air Gap to Wall 0.01 m, fully-irrigated.
A Ereen Roof 1 = 12 cm dense gras, LAI 1.5, Leaf angle distrib. 0.5.
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sweroors| - Wet Roof: 3 cm water body as a natural roof
greening substrate: Emissivity 0.95, Albedo 0.50,
Water Coefficient of Substrate 1.00, Air Gap to
Wall set to 0.01 (minimum value to approx. 0).
Roof greening removed by seasonal LAD = 0.00.

Schematical representations of a green roof (top) as well as a blue roof

Reference Run: 3D ENVI-met model domain of the area (status-quo io 1: -irri io 2: [ ildi A L o
( quo)  Szenario 1: Green Roofs on all building roof terraces (fully-irrigated) Szenario 2: Blue Roofs (water bodies) on all building roof terraces (below), and its implementation in the ENVI-met model parameterizations.

Modelling Results:

400.00 400.00+
390.00- ' 390.00- Simulated Air Temperature
iy 00fs | gty Differences (Blue/Green Roof 440 - Referen ce
‘a0 — ' Scenario — Reference Run) at
360.00 | 360.00 Blue ROOfS
350.00— E 350.004 2 p.m.on 18 th July 2022
340.00 340.00
330.00 7 : 330.00 . . -
320.00— . 2 View plane height: 435
320.00
310.004 310.00 25 m above ground level Green Roofs
300.00 . 300.00-
290.00 ' 290.00-
280.00 280.00 43 0
270.00 270.00- absolute difference Potential . 7]
260.00- 260.00- Air Temperature
250.00 250.00- —
240.00 240.00- Sl &
230.00- 230.00 -0.30 K —
220.00 220.00- 025 K g 42.5 4
E 0000 E 20000 020 K g
> 190.00 > 190.00+ -0.15 K L
180.00 180.00+ -0.10 K =
oo ot E 420 -
150.00 150.00— 0.00 K =
140.00- 140.00 0.05 K f)
130.00+ 130.00- >0.10K @)
120.00~ 120.00- ©
138.88— 110.00- Buidngs Ea 415 -
.UU— 100.00+ <
90.00+ 90.00-
80.00 80.00— [— .
70.00+ , 70.00—-
60.00- " 60.00 : . 410 -
50.00 , — i '
40.00- : 2888_ g L Meteorological driver conditions:
30.00- 30.00 . ‘ Wind: 1.07 m/s
20.00 20.00- . ' -
pics o S ~ 05 1 8
U | i i i i I i | el “ :
0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00 O.IOO 50!00 100I.00 150|.00 20(;.00 250|.00 300I.00 350|.00 400I.00 -
X (m) Min: -0.53 K X (m) WG =072 K statistically significant difference of arithmetic
Max: 0.10 K Max: 0.07 K 40 0 - meansaccording to t-tests (p < 0.05)
Median: -0.14 K Median: -0.15 K Wind __
Air temperature difference of Blue Roof Scenario in relation to the Reference Run at 2 p.m.. Air temperature difference of Green Roof Scenario in relation to the Reference Run at 2 p.m.. Average of Air Temperature for all adjoining grid cells 1m above roof tops
in the model domain for the hottest hour of the day (4 p.m. at 19t July).
70 '
] . Median [°C] Mean [°C] Stand. Dev. [°C] C I . d D . . i
5 . Building Roof Wall Surface Temperatures e Reference Run 3140 s 1609 onclusion an ISCuSSIonN:
o e=Biue Roof 3011 29.51 5.90 (1) New blue roof parameterization shows expected results.
2 - G Roof 20.50 20.54 4.30 - - -
S 50 een oo (2) High accuracy of setup ENVI-met model validated with
Q . . .
c guality-controlled densely-distributed ground measurements.
= . . . . .
g (3) Statistically significant cooling effects found on average:
€ 30 . : .
Z a) Blue Roofs: Temperature difference to reference run:
3 ' '
$ 2 ‘ ~ - Air 1m above rooftops: -0.52 K and up to -2.67 K
g . e - Building roof wall surface: -3.85 K and up to -29.03 K
S b) Green Roofs: Temperature difference to reference run:
o g . .
5: O 0O 0O 0O 0O 0O 000000000000 00000 0000000000000 000000000000 000000000000 00000000 0 O O 'AlrlmaboverOOftOpS'O76Kandupto'301K
S R e e e i e i D i e T e e e e B B B B B I R I i e T e A i B R R B R A R R .
2883885828933 98583Q39R88888388588S 5933885383859 8838838858283°933I858583Q88488 - Building roof wall surface: -12.82 K and up to -39.45 K
18/07/2022 19/07/2022 20/07/2022 Date/Time of Simulation ) )
Average of simulated building roof wall surface temperatures for all roof top grid cells in the entire model domain. Comparison of the green/blue roof scenarios with the reference run for the 72-hour period. |- COOIIng effects of green roofs on air temperature Strongest
during daytime and for blue roofs strongest in the evenings.
Further Materials and References: ~__ENvi-met model domain forasimitar | - Green roofs show small effects on roof surface temperatures
stﬁudy area in Pune/India . - . - - - -
Almaaitah, T., Appleby, M., Rosenblat, H., Drake, J., and Joksimovic, D.: The potential of Blue-Green infrastructure as a climate change adaptation strategy: a systematic literature review. Blue-Green E:‘%“hf - _},éif%f‘” durlng nlghttlme1 Whlle 0 I ue rOOfS h eat u p Wal IS In ni g httl me.
Systems 3, 223-248, 2021. P o : — 1 I i 141 i
Almaaitah, T., Drake, J., and Joksimovic, D.: Impact of design variables on hydrologic and thermal performance of green, blue-green and blue roofs. Blue-Green Systems 4, 135-155, 2022. ’:‘g\\ 4:&‘&:\ > SU |tab|e CI | mate ad aptatIOn and ﬂOOd m|t|gat|0n pa'[hwayS
Eingruber, N., Domm, A., Korres, W., Léhnert, U., and Schneider, K.: Climate change adaption potentials of unsealing strategies in cities — An assessment during heat and drought events based on 3 | ‘ gl XA _ " I "
microclimatic simulations, EMS Annual Meeting 2023, Bratislava, Slovakia, 4-8 Sep 2023, EMS2023-525, https://doi.org/10.5194/ems2023-525, 2023. ;?‘{;f,\\;\,f\‘.‘:\\( f;i*'\‘fhv‘ el "'II';a;‘ = More I nten SIVe 1o Of g reenin g S ShOW even Stronger eﬂ:eCtS
Eingruber, N., Korres, W., Lohnert, U., and Schneider, K.: Investigation of the ENVI-met model sensitivity to different wind direction forcing data in a heterogeneous urban environment, Adv. Sci. Res., 20, & PR i b _ " "
65-71, https://doi.org/10.5194/asr-20-65-2023, 2023. ,a’_i \gg\if ,j.{ Sprayed Wet rOOfS (CIStern pump CyCIe) reduce Wa” heatlng
Eingruber, N., Schneider, K., and Korres, W.: Evaluation of microclimatic variations and adaptation effects in a central European city during the most excessive heat wave in summer 2022 by ENVI-met ' & tf = el _ - 141 - - T
modelling, EGU General Assembly 2023, Vienna, Austria, 24—28 Apr 2023, EGU23-11806, https://doi.org/10.5194/egusphere-egu23-11806, 2023. ﬁ/r\;.jzﬂb\\\*;{_r ._'L H Igher heat m|t|gat|0n pOtentlaIS When com b Inin g blue/g reen
. . . . . . . . . . . . . ) . . _ 5 , Ko ‘/._'{u,-y.' '- o . . . .
Etltrlp%rl;/?jirlol:lg/lléo;rlegsm\all\érfgdSlsggr;ezldze(r)zlg Microclimatic field measurements to support microclimatological modelling with ENVI-met for an urban study area in Cologne, Adv. Sci. Res., 19, 81-90, y Q\@\‘%j‘#‘%‘-‘z LQ roofs W|th teChnlcaVnatUI‘e-based Solutlons N Street CanyOnS
Eingruber, N., and Korres, W.: Climate change simulation and trend analysis of extreme precipitation and floods in the mesoscale Rur catchment in western Germany until 2099 using Statistical
Downscaling Model (SDSM) and the Soil & Water Assessment Tool (SWAT model), Science of The Total Environment, 838P1, 155775, https://doi.org/10.1016/j.scitotenv.2022.155775, 2022. O u tI O O k
Eingruber, N., Schneider, K., Korres, W., and Léhnert, U.: Sensitivity analyses and validation of an ENVI-met microclimate model for a greened urban study area in Cologne Sudstadt under various typical
weather conditions, EMS Annual Meeting 2022, 4-10 Sep 2022, Vol. 19, EMS2022-42, https://doi.org/10.5194/ems2022-42, 2022. _ " " "
Eingruber, N., Korres, W., and Schneider, K.: Pathways for climate change adaptation in urban areas - first results from field measurements and ENVI-met modeling, EMS Annual Meeting 2021, online, 6— In OngO|ng researCh’ COO“ng eﬂ:eCtS Of green/blue rOOfS are Compared to a Slmllar mOdeI
10 Sep 2021, Vol. 18, EMS2021-374, https://doi.org/10.5194/ems2021-374, 2021. " " "
Eingruber, N., Krekeler, C., Korres, W., Léhnert, U., and Schneider, K.: High-Resolution Microclimate Modelling to Evaluate Urban Heat Mitigation Potentials of Rainfed Climate Change Adaptation Setup for a StUdy area in Pu ne/lndla to analyse dlﬁerent eﬁeCtS on thermal Comfort
Measures on Buildings under Various Climatic Conditions, AGU Fall Meeting 2023, San Francisco, USA, 11-15 Dec 2023, H23V-1850, https://agu.confex.com/agu/fm23/meetingapp.cgi/Paper/1310969, _ _Ieat m|t|gat|0n potentlals are StrOnger fOr Pune but due tO Watel‘ ScarC|ty |n the Ind|an
2023. ’
T§3811%5g¥1a2%2i Liu, H., and Ulpiani, G.: Localized synergies between heat waves and urban heat islands: Implications on human thermal comfort and urban heat management. Environmental research re-monsoon h Ot season ’ aCtuaI COO“ng eﬂ:eCtS Sma”er than |n COIOgne/Germany
Liu, Z., Cheng, W., Jim, C.Y., Morakinyo, T.E., Shi, Y., and Ng, E.: Heat mitigation benefits of urban green and blue infrastructures: A systematic review of modeling techniques, validation and scenario :
S o AR s e, Tl s IR o 5000, AT, S ’ ’ ) - Rainfed measures can rarely be operated for extreme heat waves at the hot season end.

.E ::.

Geographisches Institut, Universitat zu Koln, Albertus-Magnus-Platz, D-50923 Koln - www.geographie-koeln.de @ » EI

Contact Author: Nils Eingruber, Office: Rotunda, Room 0.03, Zulpicher Stral3e 45, 50674 Koln, E-Mall: nils.eingrueber@uni-koeln.de, ORCID: 0000-0003-1329-2236, Homepage: https://ukoeln.de/GGXEZ



