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Research guestions

The role of horizontal paved urban surfaces for HS mitigation (15t phase)
Lack of basic knowledge and process based models for evaporation and runoff

prediction

UCaHS - Urban Climate and Heat Stress o O o
IN mid-latitude cities in view of climate change -

Sub-project 4.1
Building green

Research approach

Horizontal paved urban surfaces
e high resolution lysimeter studies at two sites: suburb in Berlin-Marienfelde

(=reference site) and an inner-city climate situation highly influenced by buildings and
soll sealing

(h1) What controls actual evaporation and cooling potential of paved urban soils?

(h2) How important is the lateral heat impact (advection) on evaporation? Hypothesis: "urban influence" can be reduced to energy import by advection

RM 1 ResearCh Indoorlzll?/lmite and

: . . C. Outdoor climate and heat-
(h3) Is it possible to adapted the pavement design to mitigate UHI? stress hazard Unlt heat-stress hazard Vertical green urban surfaces
The role of vertical green for HS mitigation (1st and 2"d phase) RM LL: Regional cimate RM 2.1 Indoor observations Irgr?tdSthrIBgtjéaFchla—n?(%lr]atlon rates as a function ot water supply, urban matrix, and
Lack of basic knowledge on evapotranspiration of vertical green (=facade green) e ST VI ; ndiicher (HUB) : P N - e and b Huch
and the impact of “building factors” such as water supply, shading, wind, building RM 1.2: Urban climate Urban system RM 2.2 Indoor simulations measuring p ant water “pFa € and biomass production . .
temperature, light etc Scherer (TUB) Nytsch-Geusen (UDK) Hypothesis: ET,_. of vertical green can be calculated using a modified Penman
(vl) What controls the actual and potential evapotranspiration from vertical green? Kbpse')\f(%E‘f@iﬂiﬂgr(ﬁum Ivllgrr::e”:raumsgtg ra new function expressing Iinfluence of advection, water supply and
(v2) Can the ET_(vertical) be expressed following the Penman-Monteith approach? - ’ 4 P P
(v3) What are the potentials of vertical green to mitigate UHI? RM 4 RM 5.2: Urban patterns RM 3 R} P (g/m’)
Climate-responsive buildings | Kleinschmit (TUB) ) Vulnerability to
_ . heat stress 300 - b L 300
. . - . 4 h urn ~ ur

(sl) Process based model on water fluxes allowing quantification of E_, run-off and s 2 RM 3.1: Medical vulnerability €40 = T - 250 = ~ oot
percolation rate in high temporal resolution for pavements RM 4-;;;;‘:?&2%3?5'9”5 \ Wit (Charite) ) 1001 % T reterence - 200 POl PO,
(s2) Process based model on evapotranspiration (=cooling) and water demand for - 4 RM 3.2: Urban vulnerability o o
vertical green RM 4.3: Building technologies Lakes (HUB)

o . _ _ _ Ziegler (TUB) ) ’ | | | Hypothetical — actual  evapotranspiration rate  and
(s3) Deriving mitigation strategies using runoff water from pavements for vertical of A B photosynthesis of a facade greenery under urban climate
facade green water supply (I/m’) and reference climate conditions with varying water supply

Horizontal paved urban surfaces Vertical green o RO
110 | Reporting

120 | Logistics and organisation

 high resolution monitoring of transpiration of facade greening using lysimeters 200 | Individual research
« monitoring LAI using time lapse photography (over six years) 210 | Measuring evaporation and transpiration
« measuring LAl and biomass production in different heights at different times for
212 | Setup of paved lysimeters inside the city, measurements as shown schematically in Fig. 3.4

Cal I bratlon Of LAI phOtog raphy 213 | Facade greening lysimeters with various water supply, setup, measurements as shown in Fig. 3.4
 Xylem flux and corresponding vertical climate measurements 220 | Model build up and validation

* high resolution lysimeter studies at two sites: suburb Berlin-Marienfelde
(=reference site) and a typical inner-city climate situation heavily influenced
by buildings and soil sealing

Measurements and experiments at a reference site in Berlin-Marienfelde using existing lysimeter technique and

211 a new setup for facade green as shown schematically in Fig. 3.2

e upgrading existing lysimeters and construction of lysimeter pans for inner

Deriving a model for ETaaveq USing meteorological data

221 ) ) ) ) ) .
Calculation of various scenarios with and without advection

EL

city sites
1 1 1 1 1 222 | Up scaling the model to deriving a model ETOypan=f (ETO
* coupling evaporation measurements with IR imaging S — e - P2 B .
o i i A =TT 223 | Testing both models for other climate and site conditions, integration of literature data into the ETOyan CcONcept
P [ g Tyem felaw g s Doy [onims ek gie 16l (50 [Tees =@ i 230 | Modelling influence of facade greening on cooling
Rn, T, rH, u - . . i e N T
s mig @G e B A _ 231 | First simulations, scenarios, synthesis
LA =f(t) E f . 300 | Collaboration within the Research Module (RM)
ET Evapotranspiration | - . . . : .
RN, T rH. | G Soil Heat Flux % I 310 | Building energy simulations with and without vertical green
GR Groundwater Recharge _E ¥ 311 | We are measuring data for delivering boundary conditions for RM 4.2 and RM 4.3
I i
L Ir_n,?v k/leaegsAc:?\?vater e bucket : " | house wall 400 | Collaboration within Research Links (RL)
m, Mass of Lysimeter g i 410 | Atmospheric processes, urban/building green and pavements
RN T rH. u P Precipitation § |
o RN Net Radiation d 411 | Vertical green plant parameter such as leaf area index, active leaves area and stomata resistances for various
| RO Surface Run Off E | | vertical green water supply conditions.
rH Relative Humidity 2 i 412 | Comparison between predicted (micro scale atmospheric model) and experimental data
T Temperature R |
— u-> Wind Speed and Direction E 500 | Collaboration within Research Clusters (RC)
P om Soil matric potential Bylem walsr fiux messuremants 510 | From regional weather and climate to indoor climates
Advection Shield 511 Analysing effects of urban and rural climate data on prediction actual evapotranspiration for various water supply
conditions
u -
=l 530 | Effectiveness of actions for reducing heat-stress risks
% | water supply
. A« 531 | Analysing effectiveness of using vertical green for reducing heat stress
— 540 | Efficiency of actions for reducing heat-stress risks
I pF 1,8 DF 2,5 pF 3,5 541 | Cost benefit analysis of vertical greening
ET 600 | Collaboration within the research unit
good medium dry
| N_—. = 610 | Projected heat-stress hazards, vulnerabilities and risks
Water I Water I 620 | Transferability of the methodology to other mid-latitude cities
Experimental setup of the inner city lysimeter Extraction of urban factors from 3D city models: extracting net Setup to measure By, Eqers Ppor @nd _P_act and xylem 630 | Identification of future research and development activities
RO,GR, ET, G, . . . . . . .
e e pan and the facade greening lysimeter radiation as a function from height. flux for controlled water supply conditions. 640 | Preparation of the follow-up proposal
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