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Water-cool ing, Neighborhood, Microclimate#

The proposed paper highlights preliminary steps of an ongoing doctoral
thesis, developed in the context of a European Commission’s Horizon
2020 innovation programme conducted in partnership with the industry,
which aims to define strategic urban water use guidelines that can help
alleviate the heat stress in neighborhoods located in different European
climate regions. To achieve it, it also evaluates the effects of urban
morphology (density, geometry, surface cover) on microclimate (air
temperature, solar radiation, relative humidity, wind direction, and speed).
The focus is to understand water cooling solutions synergies for master
planning solutions. Although the block and neighborhoods are
understood as part of a city system and cannot be dissociated from its
context, a closer look is necessary when undertaking microclimate
studies. The different allocation of such systems in the city allows us to
investigate the contribution and combined local effect in reducing
outdoor temperatures in response to the UHI effect.

A
bstract

� Lenzholzer, Sanda (2010): Designing atmospheres: research and
design for thermal comfort in Dutch urban squares. PhD Thesis.

D
D

R statem
ent

The glob al and local nature of cli mate change forces us to think on
scales. On the macro scale of cities, sev er al stud ies, and the o ries such as
urban metab o lism helps advance sys temic notions such as sus tain able
cities and devel op ment. On the oth er extreme, in build ings design and
per for mance, a lot of effort has been put to make build ings smarter, bio -
philic, and health i er. The scale in between, the neigh bor hood, remains
a most ly unex plored top ic. Nevertheless, it is fer tile ground to test inno v -
a tive solu tions and syn er gies in a design-dri ven approach. It is small
enough to inves ti gate urban design solu tions, envi sion hypothe ses, pro -
pose, test, and eval u ate. It is also with in the lim it to per form not-so-com -
plex envi ron men tal analy sis and sim u la tions using ther mal and hydro dy -
nam ic soft ware. Regarding stake hold er involve ment, it has the poten tial
to mobi lize a local com mu ni ty in par tic i pa to ry dynam ics. It is also easy to
involve out siders and spe cial ists alike in issues they relate to. Given all
these inter est ing aspects, the third part of the the sis  “The Evaporative
City: Bioclimatic Urban Regeneration Through Water” uses three neigh -
bor hoods locat ed in dif fer ent European cli mates and coun tries to test
and re-test poten tial i ties and syn er gies of water-cool ing designs based
on foun tains, mists, and ponds. Evaluation is car ried out with experts’
inputs and ther mal sim u la tion soft ware (ENVI-met 5). The design and
com bi na tion of these solu tions are assessed with the goal to equip
design pro fes sion als and relat ed pro fes sions, in dif fer ent European cli -
mate zones with guide lines on how and where to best place these solu -
tions in pub lic spaces, thus pro vid ing RECOMMENDATIONS to cre ate
pos i tive design knowl edge,  fos ter liv able places and pro mote both cli -
mate adap ta tion and mitigation. 
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���Extended abstract

The present extend ed abstract high lights pre lim i nary steps of an ongo -
ing indus tri al doc tor al the sis, devel oped in the con text of the European
Commission’s Horizon 2020 inno va tion pro gramme (SOLOCLIM-EU)
con duct ed in part ner ship with the indus try, which aims to edu cate,
super vise, and train six Early-Stage Researchers (ESRs) on gen er at ing
micro cli mate solu tions that can respond to urban over heat ing  in out -
door envi ron ments through out a Ph.D. Program devel oped inside the
prac tice. The pro gramme is divid ed into three work pack ages (WP):
Vegetation (WP-1), Water (WP-2), and Responsive Systems (WP-3). The
solu tions with in each clus ter are exam ined at two scales: the
streetscape, i.e., the inter face of build ings and their out door envi ron ment,
and the larg er scale of the urban block, neigh bor hood, and city-scale.
The prin ci pal method ol o gy of all three WPs is  “Research Through
Design” (RTD) sup port ed by rig or ous analy sis as appro pri ate for the dif -
fer ent scales (such as micro cli mate sim u la tion soft ware, geo pro cess ing
using satel lite images, and spa tial analy sis using GIS soft ware). The
Thesis titled  “The Evaporative City: Bioclimatic Urban Regeneration
Through Water” is part of the WP-2 at the neigh bour hood scale and
seeks to rede fine the use of water sys tems such as foun tains, water mists
and small ponds, in neigh bor hoods locat ed in dif fer ent European cli -
mate regions.

1

Designs and plans deliv ered now by design, plan ning, and engi neer ing
need to incor po rate a micro cli mate-sen si tive approach that can respond
to shift ing extremes (too hot, too cold, too dry, and too wet). However,
apart from the need for new solu tions, the indus try cur rent ly lacks exper -
tise. On the aca d e m ic side, some of this body of knowl edge is also lack -
ing research. The use of veg e ta tion in cities, for exam ple, is well known to
reduce the Urban Heat Island (UHI) effect. Still, there are remain ing
ques tions about the prop er allo ca tion of green in cities to have an opti -
mal effect. Little is also known about the effi ca cy of water-based inter -
ven tions to the urban micro cli mate such as mist ing sys tems, evap o ra tive
cool ing of facades, sprays, foun tains, water walls, etc., in rela tion to the
sur round ing urban fab ric and when applied broad ly in the city.   
These inter ven tions also have social and urban eco log i cal co-ben e fits
such as stormwa ter infil tra tion and stor age and pro vide a respite to cit i -
zens dur ing heat wave events – instant ly gen er at ing space liveability.

2 3 4

Besides being a pow er ful tool for trans form ing urban spaces into new
com mons and its role in pro mot ing the  “Right to the city,” as pro posed by
David Harvey (2008), water has sev er al advan tages as a nat ur al cool ing
tech nique. The two main effects are the high ther mal mass of water and
evap o ra tive cool ing, due to the evap o ra tion process. A lot of ener gy is
need ed to con vert liq uid water to vapor, and this ener gy comes from the
water and sur round ing air, result ing in cool er air and water. Regarding
cool ing prin ci ples and physics, urban water cool ing can be divid ed into
three main groups: ponds or water bod ies ℗, foun tains, sprays, jets (F),
and mist ing or fog sys tems (M). The way cit i zens inter act with urban
waters and thus expe ri ence such prin ci ples can be divid ed into nine
verbs: to swim (on), to per form (on), to tran sit (through), to shel ter (in), to
sight see (to go see and be seen), to man age (store, infil trate, con duct), to
play (with), to lis ten and to con tem plate. In Figure 1, nine con tem po rary
design projects were linked to  “water inter ac tions” and to  “water cooling 
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Figure 1: [SWIM] (P) Biotop Pool – Ooze, Source: https://nl.bio.top/references/public-natural-pool-uk-art-project
Accessed 07/03/2022, Biotop company / Commercial; [PERFORM] (F) Desio – Openfabric, Source: http://www
.openfabric.eu/projects/desio-centro-desio-italy/ Accessed 07/03/2022, Photo credits: Daniele Pavesi;
[TRANSIT] (F) Grotestraat – OKRA, Source: https://www.okra.nl/projecten/grotestraat-nijverdal/ Accessed
07/03/2022, Photo credits: Thomas Klomp; [SHELTER] (M) - Air Tree Ecoboulevard - ECOSISTEMA URBANO,
Source: https://ecosistemaurbano.com/eco-boulevard/ Accessed 07/03/2022, Photo credits: Emilio P. Doiztua
and Roland Halbe, https://5osa.com/218; [SIGHTSEE] (M) Miroir d’Eau - Michel CORAJOUD, License: Creative
Commons Attribution-Share Alike 3.0 Unparted license., Author: Blaue Max, Source: https://commons.wikimedia
.org/wiki/File:Bordeaux_-_Juillet_2012_(85).JPG Accessed 07/03/2022; [MANAGE] (P) Tåsinge Square – GHB,
Source: https://www.publicspace.org/works/-/project/j075-refurbishment-of-tasinge-square Accessed
07/03/2022; [PLAY] (F) Bellamyplein - Jakoba MULDER, Source: https://bellamystraat49.nl/ Accessed
07/03/2022; [LISTEN] (P) Morske orgulje - Nikola BAŠIĆ, License: Creative Commons Attribution-Share Alike
2.0 Generic license., Autor: Ben Snooks; Source: https://bluehealth.tools/51-2-copy-copy-copy-2-copy-14/
Accessed 07/03/2022; [CONTEMPLATE] (F) Water traces - Atelier DREISEITL, Source: https://www
.dreiseitlconsultin..., © 2021 DREISEITL consulting GmbH | Imprint | All Rights Reserved
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Figure 2: Sources: https://www.klimaateffectatlas.nl/nl
/gebruik-van-de-atlas. Organization and design: Mariana P.
Guimarães
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prin ci ples.” These projects con sti tute the pre lim i nary steps in the
research and one of its prod ucts: a cat a logue of ref er ences con tain ing
a descrip tion of the project and the micro cli mate ben e fits pro vid ed by
the water cool ing fea tures. The sit u a tion before and after the intro duc tion
of water is sim u lat ed using ENVI-met soft ware to esti mate gains in ther -
mal com fort such as air tem per a ture decrease, mean radi ant tem per a -
ture, and wind speed. An exam ple is the Grotestraat in Nijverdal, The
Netherlands – an inter ven tion project from the Dutch Landscape office
OKRA Architects, high light ed in Figure 3. This project puts togeth er rain
gar dens, bioswales, foun tains, and splash es. Fountains are remark able
ele ments in sev er al cul tures and car ry enor mous sym bol o gy. Nowadays
they became key ele ments to urban revi tal iza tion because can at the
same time engage cit i zens and pro vide respite dur ing heat waves. The
way they are now con cep tu al ized is key to achiev ing a more sus tain able
urban water man age ment. The new Grotestraat address es both heat and
flood ing through a water and cli mate-sen si tive design.

The Grotestraat is almost unique because there’s a gap of cas es that pur -
pose ful ly address es mul ti ple instances. The announced cli mate cri sis
upon us is wide ly adver tised but it is sur pris ing how lit tle the design dis -
ci pline, and espe cial ly the design of cities, devotes to think ing about the
way archi tec ture inter acts and influ ences cli mat ic process es.  The issue
seems to be two-fold: tech ni cal and scalar. First, ther mal and micro cli -
mate analy sis demand spe cif ic knowl edge and soft ware that is out of
reach to most archi tects. Second, it requires to be seen in mul ti ple
scales. The Urban Heat Island (UHI), for exam ple, is expres sive on the
city scale, but to address it, solu tions hap pen in the very small scale of
build ings and squares and need to resolve not only envi ron men tal con -
cerns but also liv abil i ty, dis use, and equal i ty. A view from the city allows
to iden ti fy local hot spots (lit er al ly as hot ter areas in city and also as
prob lem at ic spaces), as Sofia Dona pos es in the text  “Moving from the
Macro to the Microscale in the Anthropocene,”  the UHI prob lem is not
enough faced from the small scale, spaces must be also inte grat ed into
a net work of medi um and large-scale green cor ri dors to gen er ate con tin -
u ous mass es of plants, pedes tri ans, and breezes, to be more effec tive
phys i cal ly and collectively.

5

6

With the goal to gen er ate a design deci sion sup port sys tem (DDSS)
regard ing urban plan ning, design, and pol i cy guide lines for imple men ta -
tion of the water sys tems in the mas ter plan scale, or the neigh bor hood,
the the sis was divid ed into four main parts: the Block, the City, the
Neighborhood and Guidelines. In the Block scale, sev er al ENVI-met sim -
u la tions are per formed in  ‘test-bed’ blocks select ed from urban mor pho -
me t ric analy sis for European cities in three dif fer ent cli mate zones (Milan,
which has hot Mediterranean sum mers, Rotterdam, with cold ocean ic
sum mer and Madrid, locat ed in arid hot sum mer cli mate). Data such as
tem per a ture, humid i ty, and wind speed are also col lect ed on the field
with a mini mobile sta tion to gain insights into the human scale of the  
“test bed” blocks. In the City scale, mor pho me t ric analy sis using momepy
Python script  is com bined with GIS spa tial analy sis and heat and flood -
ing vul ner a bil i ties to gath er insights into water-cool ing apt ness in these
cities (see Figure 2 maps for Nijverdal as ref er ence for stud ies in the City
scale). Results from Block and City togeth er inform the Neighbourhood 
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Figure 3: © ENVI-met 5.0. Organization and design: Mariana P.
Guimarães
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study: quan ti ta tive results are used to test and sim u late toolk its of solu -
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CA RE / CA RE+, the Conference for Artistic and
Architectural Research, is ded i cat ed to pro mot ing Design-
Driven Doctoral Research (DDDr) through its con fer ence
series. This ini tia tive aims to strength en and expand the
com mu ni ty of researchers inter est ed in this sub ject. The
Faculty of Architecture and the Built Environment at Delft
University of Technology has glad ly pro vid ed the plat form
for this note wor thy conference.

The central theme of this event revolves around the
"RECOMMENDATION” for Design-Driven Doctoral
Research. This theme is a natural progression from the main
topics explored in the previous CA RE+ conferences, which
included OBSERVATION, SHARING, COMPARISON,
REFLECTION, and FRAMEWORK. The CA RE+ Delft
conference seeks to scrutinize the progress made thus far
and endeavors to formulate guidelines and recommen-
dations for the establishment, introduction, development,
and evaluation of DDDr.
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