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Introduction Environmental justice Urban heat island Overview of the design proposals

I Type A: 86 - 96 m?(i.) 10 m? (b.) 134 m?(m.) I Type E: 186 - 201 m?(i.) 15-38 m? (b.) 280 m?(m.)
::: ~ N B N - o . o ’ B - LEGEND Cou rtyard bu I Id I ng tyPOIogy Type B: 112 - 124 m?(i.) 12 m? (b.) 172 m?(m.) I TypeF:220-240 mz(i'.)20 m? (b.) 376 m?(m.)
This master thesis deals with how high air temperature, as a cause Many cities have the tendency to warm up during the day and remain Characteristics contributing to the urban Effect on the energy balance ) - o ® = . Greenstructure The introduction of a courtyard building typology improves the diversity in the o e e s g T m) W DpeG T2 e )2zt
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of the urban heat island, is an issue of environmental justice nvironmenta roan warm during the night. This is also known as the urban heat island @ [\ R . neighbourhood with apartments of different sizes, population density to meet
. . . . ., . . . . . . Lack of vegetation Reduces evapotranspiration D =T . . Building . . . .
in the city of Rotterdam. Researchers across the globe link high and is the relative higher air and surface temperature in the city Widespread use of impermeable surfaces ~ Reduces evaporation . i growth ambition and pressure on different services and provides for coolness
Increased thermal diffusivity of urban Increases heat storage 9 Building island
air temperature in urban areas to a broad range of social issues compared to its rural surrounding areas (Gartland, 2008). materials Increases net radiation .. Grasland in the inner courtyard and private apartment. An increase of building mass, in
. . . . . . . . . . - Low Solar reflec_tance of urban materials Increases net radjation bui|ding block .'. s > & K . River ] . - .
connected to poverty and socially deprivation. They argue that Environmental justice is characterized as the struggled against the inequitable Urban geometries the trap heat Reduces convection r . _—_ regard of the urban heat island, seems counter intuitive. With the use of urban
Urban geometries that slow wind speeds Increases net radiation . e - . . . . . o . o .
these socially deprived neighbourhoods, as a cause of their urban distribution of environmental hazards and goods and the access to the decision- Due to solar radiation and anthropogenic heat the city conserves Increased levels of air pollution Increase anthropogenic heat . Tree plantboxes heat island mitigating and adapting design principles in the building design the
a9 nm q . g - . - - . - . . . . . Increased energy use .o.°' : Tree crowns . . r ae .
characteristics, have a strong urban heat island resulting in a high making process to have a healthy environment in which to live, learn, and work heat and re-emits this over time. In regard to this physical theory . e v I T et negative effects of increase building mass are mitigated.
air temperature disproportionately affecting the population who on (EPA, 2016). This raises the question if low income groups or minority residents are the main causes of urban heat island are urban surfaces who Gr . nin éh b'ﬁ:. o street Also represents semi-paved parking surfaces.
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their own terms suffer from health issues and lack the means to disproportionately exposed to environmental hazards (Huang et al., 2011; Pearsall & reduce evapotranspiration, increase heat storage, increased net . . ’ 0. " 2 Ve :, * © et -~~~ Project borders TB:ti;?izfamf:;:sgo indoors (1) Balcony (5,), Malsonette (m.) Parking lots: 90
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shelter from high air temperature. Such a relation is concluded as Pierce, 2010). On a global level such effects are often disproportionately left to the radiation, reduced convection and increased anthropogenic heat. S AR o, AN W\ ,\-f 5 ‘ BN TypeA:92-104m7()12m?(b) 130- 142 m?(m) N TypeE: 129- 144 m?(i) 15 m? (b) 189 m?(m.)
el ‘/' .,"}' 2 ¥ AN A/ Type B: 127- 143 m2(i.) 16 m? (b.) 172 m2(m.) B TypeF: 143- 158 m (i) 15 - 16 m? (b.) 224 m?(m.)
being an issue of environmental justice whereas a part of population poor (Millennium Ecosystem Assessment Board, 2005). As mentioned before asphalt for example is a material that is dark B A A2 PV ™ ., BN TypeC:90-94m2()10-12m?(b) 139 m(m)  WEEE  Type G: 143- 158 m2(i) 15 - 16 m? (b) 233 m*(m)
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is disproportionately exposed to an environmental hazard. and impermeable and stores a lot of energy and moisture is unable ey okl (V.° 0l
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Research show that the inequitably distribution of environmental hazards can also to evaporate this heat (Gartland, 2008). This energy in the asphalt < [FEIGHE Odio BIRED BIET CElli 5 Ol el It
A Requires regular maintenance which can be an opportunity for
The phenomenon of environmental justice on a city scale is relatively be seen on the city scale. In a research on the heat wave in Chicago in 1995 the is then overtime radiated. One might have noticed this by putting the public space: squares e
unknown within the European and more specific the Dutch context. relation between urban heat, poverty and age proofed higher risk due to socio- his hand on asphalt after sunset during a warm summer day and \ % ’/‘p_]:
With the theoretical research background one might wonder to economic conditions. The spatial pattern of the land surface temperature within the discover that it is still quite warm. This radiation, build up during the < ’ ;Wr' RN e
. .. . . . . . . . . . . . . . . . g With | distinction bet th ivat d publi |
what extends environmental injustice can be found in the city of city showed an inequitable distribution of heat, as an environmental burden and ray, and re emitted at night is responsible for the urban heat island -0 \\\ ,e;id:nfse:co:n'izz 'f:eireovvvve,,e:e,,ﬁof;wj,:a:?,g‘::vo',ier:,ae::
. - . . . . agn . . . . R . . e o - N . in their neighbourhood. Eyes on the street provide for social
Rotterdam. The city of Rotterdam shows a strong urban heat island this distribution correlated positively with socially deprived neighbourhoods. The effect. R . D, '\c%/) . ‘ e e S A A Buiiding block I Indoors (), Balcony (b, Maisonette (m) Parking lots: 124
. . . . . ‘g . . . . . . L, e NS : Polman, 2009; T & TU Delft Faculteit Bouwkunde SMART Total apartments 120 FSI: 1,20 GSI: 0,28
with concentrated socially deprivation in specific neighbourhoods. residents of the neighbourhoods are characterized by low income, low education : JAh W\ yy omon 2 poto by e _ .
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In combination with expected temperature rise due to climate and ethical minority are more exposed to higher land surface temperature (Huang et e % ¥ 57\ S TG 112 1280 120 o) 172 e e e A
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change motivates this thesis to conduct a research for the city of al., 2011). \Z AN i s ) NP _ e m iz Eme M) - sz e 2emn)
Rotterdam_ 4 : ) ; N ..".“ Y / A .. B . R The principle of a loggia is to protect the inside of a building = —
‘ . ‘s - 4 © . L from intense sunlight during the day while providing sunlight
N P % v N . 2 during the evening and morning and the winter (Huijbers & o /
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The thesis sets out with the use of a methodological triangulation to BN ke o {‘\ o 4 @ e . o Roofs with intensive green provide for shade, reduce inner door
o °/ N . ° S . o5 . s ° e o temperature, reduce air pollution, storm water reduction, and
discover if for Rotterdam an issue of environmental justice exists. o a S > B ame provide green to its direct surroundings. It must be noted that
: y | O .2 ' & ‘e green roofs need a strong construction, a minimum thickness
With the use of statistical analyses, observations and interviews, b BB - . e’ . ROON - o~ of at least 25 cm, during drought imigation and intensive
— ; > —— : A ° o . .:§ ® maintenance (Gartland, 2008; Lenzholzer, 2013, p. 162).
mapping urban characteristics and reviewing policy documents such 1 e @ o R Y ..
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a triangulation is conducted. From the methodology argued is that Ej = / When solar blinds are introduced they should be installed in such ™ 61\’ R :
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the pre-war expansion areas of Rotterdam South suffer most from 2 R _— T - for ventilation and the fagade to prevent the air underneath the N SN Y i
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socially deprived where people lack the means to escape from heat.

N —
With the introduction of a heat and cold storage system the
The deSign interventions focus on the neighbourhOOd Bloethf energy in the form of heat is collected and stored in an acquifer
2 in the subsoil layers. The stored heat is available during the
where urban heat island adapting and mitigating design principles =l winter for heating, The system also works the other way around.
During the summer the cooler water in the subsoil acquifer
are applied to provide room in both the public and private space to - 3 0 50 100 200 A green facade provides shading for the wall behind the green provides for cooling. Such a system would reduce energy costs
/ E— reducing the temperature of the outer wall and the inner and mitigated to high air temperature (Climate Proof Cities

escape from heat' m temperature. Providing the plants with water can be troublesome consortium, 2014).

and needs consideration (Lenzholzer, 2013, p. 123).
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Climate change Greening the private and public space .
Greening the private and public space revolves around three proposals of greening Greening streets is process in which the municipality, housing corporation and i
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the private gardens, greening streets and facades and public squares. residents engage in a neighbourhood deal. Such deals revolving around greening

provides neighbourhood residents the freedom to maintain vegetation in their

500

High value

Greening the private gardens is both an effort by the residents and the housing street to their own liking. The municipality provides tips, material and money.

corporation. Such an effort provides for the resident a relative easy to maintain

foc ) 2o )

e garden that gets less warm during hot summer days and are more enjoyable. With Greening public squares range from easy catches like adding a bench in the right Water
. . . - . . . Balcony
removing titles the water storage capacity of the soil increases as water is more spot to square overarching roof. Some squares have already been redesigned ] Grass roof in combintaion with water and PV
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already planted and need time to grow and such intervention are left out. Other P ‘ ‘ ‘
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able to infiltrate in the surface. but may still score low on the quality of shade providing trees. As these are often
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EnV|r0nmenta| hazard LEGEND ‘ A green facade provides shading for the wall behind the green
Average summer day temperature reducing the temperature of the outer wall and the inner
= = Nesselande - = = figure 4.Principle of greening a street (image by author).
Statistical analyses Observations and urban characteristics temperature (Lonzhoizer 2013, p. 123),

I <-22,0 . T . . figure 3.Principle of greening the private space (image by
Schieveen Sehiobrock ’ Aside from the statistical analyses the neighbourhood is assessed author).
Zevenkamp 22,1 - 23,0

seienterein Schieseen ] e\ 23.1-24,0 upon urban characteristics of green structure, density, sun and Floor space index
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Change of air flow pattern

Low value

squares are improved with more vegetation and communal gardenings.
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Terraced building typology

The introduction of a terraced building block typology and a ‘singel’ alongside LEGEND
Building block | Indoors (i.), Balcony (b.)
Putsebocht a new water body with rich vegetation. Such a water body has Total apartments 21 FSI:094 Gsi:0,29

Parking lots: 25
I Type A: 150 m?(i.) 60 m? (b.)

the potential to mitigate the urban heat island as it provides for water for B TypeB: 224 m2(1) 130 m (b)
I Type C: 161 m?(i.) 77 m? (b.)

evapotranspiration and is beneficial for the water capacity of the neighbourhood.

With the use of Microsoft Excel a Pearson’s

product-moment correlation coefficient or short By combining the parking plots within the building block more room becomes

Noord-Kethel

Pearson correlation is computed and analysed. available for vegetation and water. The terraced building block are divided in four

Jestienhoren 25 1.26.0 shade and building year. Observations and interviews are done to
127 oL~ b2t

- . . andzicht \ . . q . . - . . -
The Pearson correlation is a measure of the linear Bodrijventerrein Rotterdam Noord: WeRk ettagetand R 26,1-27,0 verify the findings from both the statical analyses and assessment separate blocks, improving the network by interconnecting public spaces.
Replacing the paved surfaces of parking spaces in the public An interpretation of build shade elements in the street. In this When there is a lack of space greening street lanterns can

Hillegersberg-Zuid

Oversehie
Bergpolde fieuw-Croo.

to assess the relationship between the average

Conscious community takes care of maintenance in the
Q neighbourhood with support of the municipality. The

Tarwewijk h

Heijpla ud-Charlois Bloemh Beverwaard = = e

0 ——l s
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correlation or strength and direction of association . < artieroude B ... i - 27,1 = 28,0 Of the urban Characteristics. ] ' space with semi paved tiles provides for more water storage case overarching climbing plants provide for additional shade provide for an alternative for trees. The effect is less then a full LEGEND
Kleinpelde - j Prinsenland 28,1-29,0 as water is more able to infiltrate in the soil and reduces the on the surface below (Lenzholzer, 2013, p. 140). grown tree but should not be neglected. (Lenzholzer, 2013, p. Building block I Indoors (i), Bal )
0 . o ' " broek uilding bloc ndoors (i.), Balcony (b.
that exist between two variables (Laerd statistics, et Blidomes Porid P~“’ﬁ“ e AT 29,1-30,0 \/ ground heat flux (Lenzholzer, 2013, p. 179, ICI Consultants, 172). Total apartments 29 FSI: 1,09 GSI: 0,30
N/ jer 's-Gravenland 301 -31.0 Parkinglots: 37 ,
201 6) c Spangen  Middelland Struisenburg  Kralingen-Oost I 1 -9, L mz('.') % mz )
Oud-Mathenesse Nieuwe Westen Stadsdriehoek divium - 31,1 -32,0 57 ,‘\ ¥ =) W BIE L & & /\ ‘ - "ﬁ* =Y e Ground covering plants reduce the ground flux of surfaces and I TypeB:201m (!-) 63 m?(b.)
/ Noordereiland Kop van ZuidEntrepot G re%@‘,st-r ' cturé M 7 i w = > provide for evapotranspiration. However during long periods of ) I Type C: 185 m?(i.) 77 m? (b.)
W;’ Dijkzigt eijenoord Bl 321-330 g A . S u{_ o . VENT 3 1AV N 7 Ak aa hot summer days the plants can wither. The chance is reduced BN Type D: 205 m?(i.) 125 m? (b.)
Il . Y 1N L g S - 5 ) NI .  /
. . Nieuwe Werk De Esch R~ 2Tg 2 g KA = AN = 2 when ground covering plants are combined with shade providin
The Pearson correlation analysis was computed ﬁn.mﬁ’\, Krallygse Veer g = AR % Yrrl R Y %, €N & eP providing
il - (] V4 RN > —d small trees (Lenzholzer, 2013, p. 165).
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day summer temperature and the environmental

neighbourhood provides for communal services that are
managed by the community (Teeuw & TU Delft Faculteit

Carnisse'Uidpleirl
Eemhaven Vreewijk Groot-lJsselmonde |

hazard indicator of excess air quality, 8 indicators \ Wietewaal  Ziderpark \ . ) &y 2 @ Bouwkunde SMART Architecture, 2010).
T . . \A‘L Pendrecht - Lombardijen )e\t’/’ .\ I ) > ‘
of urban characteristics and 6 indicators of — Hoogyliet-Noord - Zuidwik ///«’\! \ . i“.a.i
: N ¥ LEGEND
. T - g q 4\ N : o - .
population characteristics. The distribution of <= e B ool e nts 43 rioors 1), Salcony (o)
\ ) [ - W \Y a 0 ’ Y
each indicator among the different neighbourhood Hoogvliet-Zuid < ‘Z: — 'u""‘ ] & Small trees provide for shade and evapotranspiration. Since the ) %ng }%2 AJ:'?so m2(i) 60 m? (b.)
SR G = ¥ ; roots of the tree grow deeper the chance of withered is much I TypeB: 275 m?(i.) 115 m? (b.)
is displayed with for each a graph the formula il " 14 lower (Lenzholzer, 2013, p. 130). .
. . . g 5. ¥ i < ___-.-———______-—————-—
and R? value that indicates how well the data is = LT ) i
o | . ‘v N : The introduction of large trees provides for evapotranspiration
correlated. . ’;i-' T . \ 5 figure 2.Principle of terraced building block. and shade which enables a reduction of 50% of radiation within
_— IR ¢ LA / T RA 6/ NG o Yt .T the drop shadow of the tree (Lenzholzer, 2013). In the street
Property value Sealed soil . 5 LS P NS \iY L/ I I P / A . ‘ /] .: ‘Putsebocht’ there are already some big trees and these should
34 34 7,4409x + 23,291 ?" \ 2 Z1 ’;; A% / l‘ N . v 6 be integrated in the design.
= - = » . gu 9 - =7, + : o - he e, ,_, 4 7 e k. ‘ .
The indicators with significance R2 are: 2 | y=-2E-05x + 30,286 ] ’ 3 N G 1 N e R D78 e Building year
e Social index: social bonding 30 | O XA l '
—~ i Il 1787-1900
S 28 LEGEND
e Social index: living environment, = 26 - N 1900-1910 Building block IV Indoors (i.), Balcony (b.)
[ 1910- 1920 Total apartments 25 FSI: 1,00 GSI: 0,28
. 24 - i :
« Dwellings per hectare 1920 - 1930 B " e At 150 m? () 60 m (b)
22 A . 1930 - 1940 t = r EEE  TypeB: 195 m2(i) 145 m? (b.)
20 . Y _ by, \ | Ehe - o 4 . =
° Property value 50000 250000 450000 igig izg: =V ) | Ll : ASE : e, et : G Parking solution in where the parking garage is part of a A mixture of bigger and smaller plants provide for shade,
i Euro | ‘ terraced building block. The parking garage acts as a public evapotranspiration and esthetical value. Within the urban
° Floor space Index igzg ; ig?: space accessible from the dwellings. design there are two considerations. Firstly smaller plants can
. . - dry and therefore should be placed within the drop shadow of
O The Share sealed SO“ ratlo Social bonding Fsi 1975 - 1985 the large trees. Secondly larger plants my obstruct inter visibility
[ 1985-1995 and have a deteriorating effect on social control (Lenzholzer,
e Total green 34 1 y = 1,32x + 34,852 '
. , . B 1995-2005 2013, pp. 134, 165).
32 | . R?=0,3597 BN 1994-2014 4
30 1 B 2015 . 7/
- Py 28 - = /
Such results fit the theory that urban 2 1 \\\
characteristics of density, green and the use 24 .
N
q . - 22 A .
of impervious surfaces correlate with the land ”0 * § / ﬂ/
! [N
3 5 7 9 =
surface temperature (EEA, 2012b; Gartland, 2008; Index Ratio o 100 o 400
. Micro interview retired Dutch man in Y r ~
Harlanetal., 2006; Tomlinson etal., 2011; F. van der the Roggestraat Tarwewilk: N
. . . Living environment Total green * Life is good here in Tarwewijk. +
Hoeven & Wandl, 2013). The correlating indicators . . The postal code 3081 has a bad )/ /
- ST -0 y =-11,254x + 30,315 reputation. dpY
from the Category of pOpUIatlon characteristics are 32 1 Tole ¢ R?=0,6499 - It gets quit hot in the summer, when The introduced water body provides for water capacity and (——(-’,‘- J
- - - . 30 1 I have the grand kids I let them sleep vegetation. The label singel is used as it not only is part of the The effectively of the water body increases with vegetation as
social bonding, living environment and property o 28 - on the east side. water management system it also provides for public spice with these provide shade, evapotranspiration of heat is beneficial for
. . = 2 - parkish greenery and pedestrian routes. As such a singel is a bio diversity (Lenzholzer, 2013, p. 169).
value. This Suggests that nelghbou rhoods that 0 | urban design element that can provide for greenery and surface
. . - . - water capacity (Meyer, 2012).
score low on these indicators, indicating some 22 1 o ¢
20 . . , ,
3 5 7 9 0% 50% 100%

sort of deprivation, correlate with high land
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Micro interview with Moroccan
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