4EAOEO - DRBIAGDOOEAT %AIT 11T ¢U

Extending bee habitat i n ur be

- How green roofs can foster bee pop

1°super:vi sor ProflLr.d A. van Ti mmeren (TU Del
2"%super:visorDr. Ir. M. Ottel® (TU Del ft)
Aut hor : Mar | ooeust G

Student numiDerl :f t : 1 3 15s318128,1 0091 d e n

Dat e: January 20114

E-mai | : marl oes. gout @qgmai |l . com

4 Delft
TUDelft &y

Universiteit Leiden







4AEAOEO - DABI 00 AOOOOEAIT %AT I 1T CL

Extending bee habitat i n ur be
- How green roofs can foster bee pop
1°super:vi sor ProflLr.d A. meaernT( MU Del ft)

2"%S uper:vi sorDr . I r. M. Ottel ® (TU Del ft)
Aut hor : Marl oes Gout

Student numiDerl:f t : 1 3 1 5s318128,1 0LOe9i d e n

Dat e: January 20114

E-mai | : mar |l oes. gout @gmai |l . com






3AI AT OAOOET C

Dit ondaraageak bi j a a nh edte voeprlgorsostienng vwaann gezonde
Near | athedd. onder zoek i s gericht op wilde bijen
stedelijk gebied. Het biedt richtlijnen voor h
op verschillende schaalniveaus en vbdreveésr el
zijn een i ndividueel dak-s o aail mdiveiaduel en geer

daken/ gevel s verspreigdgchaelrnigemu)s.t adBel(amagirioj
factoren-semaali ciroeau Zijn het constr ulcdti esys-
speci fi ek de substraatl aag en de drainagel aa
omstandi gheden, het type vegetatie en daarbi|j
voorwerpen op het dak/ aan de gveavne |o nmereni ndyecnda t e

Op het -smaeambdbni veau i s de aanwezigheid van
nestplaatsen op maaiveldniveau, bestaande gro
tussen deze belangrij k.

Geconcludeerd kan worden datr dett wee tg e vtainz |l
bijen Zijn voedsel voorziening en nestgel egent
bepal en het mi crokl i maat van een groen dak en
om hier te groeien. Heaamigaaokl smaak idnrdet su
geschi ktheid wvoor bijen om in deze | aag te n
rekening mee te houden is de wiohdaaBewrehi genka
beschet meéd gleaar de wihrmd deBiwji nd i s het ongunstig
vliiegen omdat dit dan vebhbenatrgkankgstreEkEend
bijvoorbeeld het pl anten van vegetatie. Boven
war me zonnige eplvakijldasn.g Lwvchvtam i nvl oed op het

daarom moet én bebiitdeetas e stteat akl eorpp mentkeerl se v
ver keerafgvegreemter d wor den.

Op het -smaambdbni veau i s het bel angr irjekbea@me habi
stapstenen moet en voedsel bronnen en nestgel e
stapstenen aamaaizv gl d&nzjemeampemf gecr exerednewor de

daken/ aan gr ominrei ngeelveel fsaerDeegeer af st andl vph Dbi|j

gebi admdeser, dit is dus de minimale afstand tu
De uitkomst van het onderzoek i s samengevat i
parameters staan. Om het gebrui k van detecheckl
van de | ijsten te testen zijn case studies uit

Amsterdam enendedwoomwii gy del Zudelze aecnad el st ud
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hui dige stapstenen in kaart gelsr aoowhetr ewmm airs eer

hui di ge stapstenen aangevuld kunnen worden.
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Thi s research contributes to the solution f o
Net herTheds esearch coverdohhbiwi dtd dbdreastt iaaind fdc
honey imeags balnpraogwiades gui delines for the <cons
fa-ades on diffeaeamaentthevekbabfioecheewesonf t hese
scal e armroaf sonfogii as-caadheed c ol lodc tgiroenen roof s ano
di strobet e@dma@dsiicell enp orrteasnetap @ h@amet eni £3 0 aalree

t heonst rayg tfeoor, greém mpaoft$cul ar t he substrat
systems, physical propteires ¢ ypba bbge tcaltiinant i & n dp
managemdditi onal objaeadt ¢ hen |l elel ofodé raviirr opnonhe nut
aii€Concerning-stdedélcheemegparessence of existing food s
exi stingadgeseceannd agndeh heodf st andcenpboeattvaendn t hes
It can be concl ededrithibalor ¢ heort wor eati on of k
provisilolnemyamd nectar supplying plantBheand tl
drai nage | ayert eandaythe odubastgraeen roof det err
therefortkeiltihteybefieo taa t racti ve p-thnmateoabsowdeTl

the suiftogirbodnd ynesting bees. tAon ontehsetr iem vtihreo nanel

i mporttoangtdes i s theeevimabiftoatceon Ba green roof
protected fromlstiengowi emahergy intensive for |
wi nds. Protected halhiotratexpacapnhtei bneg cdAreaddetttreadt il byyn .
nesting spaces eadmvar che salnidg y pl aces. Air pol | u

affects forage behaviour of bees and therefo
dozerds meters away from heavy traffic roads.

On the <citypaorctadoretchtabt 8ait mé6stepping stonesbo.

stones s hofudaod cprnavaiisni on Bod bhessi pgrsSpaePep s nc
stones can be avaitmbhaventgr gerenkavell sownr
fa-ades miThi mum forage distance of bees presen
i s the maximum di stance in between these stepp

The outcome of t he r e swoahrecclkil i sltsdiimm@ar akzedt ha

parameters onsbatéd. | Evel bl wdtrate the use of
functional ity of the checkl i st case studies
Amsterdam anuarriomndihed2udi demramdt el . I'n these

current seseppraegmapped and the and an advice i

current stepping stoned can be compl emented.
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1)
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Bumbl| ée&tbieretsl ebees are a remar kabTlhee ygraoruep o f
bigger and hairier than other wild bee spec

makd oaw hummi nd en d ilKsoésnwehrif(, shr o e pdVe get ati ebe

2013, wil deb)ijen.nl, 2013

Cuckooichueceksoo bees | ive solitary, but they
not coll ect their own pollen and( heacttarrs, bu
Ramakers & Smit, 1999; Westrich 1996) .
Extensivei@gorenmegebdti on roof wusually consi
succulents and herbs. This type ofhirsoof doe
roof , often I imited accessipuepbdtosespeobbse

usually a | owert hcaanr ri ynitregn sci(a@aacgriiamrk . ri ond fos 2
Districitordpadsdéel | aDttechi womd to describe

governed area as wel|l as the gaowmdinthuet i on it
area. This ar ed hies da sp aorirtc tSotfa alpsadaetietll g fi sa ci ty
municipality (Van Dal e, 2013) .
ForadgConyglect{B8gofbedbank. nl , 2013)

Green fiapsaedde t o describaidmy vieyme hefd on@-adde
Greeni &8HdQef term 6green roof 68 descri bes both
gardens and extensive, roof s weisttha bnhoirseh enda t u
veget abgokm,dap .6 2006)

Honeyibhkeshoney bee -kinso Wwehee amieodsitesse | | A.
Advsgeoep Vegetatiebeheer)ThRe 13p avd ibddsmd s en. n
extinct in the -Netepherbahdbkd buoctotlbotnaile sci r ca
209 an der Sluiij s, 201 VUsuraé fl g r pihae gt dpleko NLIB g L
bees they mean honey bees.

I ntensi veidalesenrmalblf@gd rTcheenys are comparabl e

gardens, i n regamaisnttenadrhceevy egee¢ adamadn exi st
her bs, bushes and($Someiniia& s. T BAINX ypeedDf gr e
roof ,aodegsfsoirblpeopl e, requires a high carry
structure below the roof (Groendak.info, 2C

10)MonophafBeesspecies which only forage on one

(Koster, 2000)
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11)Pol I'i hpotlildmati on is the transfer of poll en
fl ower (Praktijkonderzoek planBe&sOmgeving
i mportant poll inators.

12)Pol y p hiaBgyeoeuss whi ch fly out dKomu®®) pR2® pl ant
13) S0 ci alisbeeral bees show more soci al i nteract
basic form of soci al behaviour multiple bee
soci al behaviour can be foundPamaoarg shoney b
Raemak &r Smit , 1999) .

14)Sol i t airTyh eb efeesmal e of this species makes her
breed cell and Il(Pesestenres ,e Rp epmark eadesl & Smi t
15)St eppi nigheset ohnaebi t at , in terms of f oooudhdsourc
| evel and on roofs and fa-ades. The steppir
net work on the city scale.

16)Ur baniareaty or town and their surroundings
area has a high density ofaphhuinta,n 20 1lr3u)c.t ur e s
17’ Ur banibees which often occur in urban area.
appemdi x

18)Ur ban igkneleenss descri bed differentl yvadesrefe

19)Wi | d id@des Net herd amedxst ctoauntthe dosmesti cated h

app
Ve g

roxi mately 350vawi Idde rb e ws fj esa,i, e3gorlole pdvi e
etatiebeheer, 2PDESampl debofewi i sHntee1l18pe

b e eAsn d(r eBhuam)b | e(bBeoenstawunsti)a s o n (bseneisa )
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Gl obally the honey bee popul atthleasth d@v ymaderst e

Sluijs,Esd@ti)ally in the Nethedkand®dsitsiug vbge
carried nou2200089 by the scCiOdlnOSdGwt Moastt wokrukr op e an
countAuemta, ( Switzerl and, Ger many, Pol ahdd Denr

col ony olffuops steas 15 npetrhceg essamentghese countries No
Denmar lxpaditehnec eldowe st |poesrsdees anvd t Ar Espectentel y
The Netherl ands and I reland were found to be
21 . peercenMthey were foll owede dmtndet peumdni ©8d Ki
per cenltn t he -2Yyd ®r | to2s@0e9s werhe gladm t hiisn ytehaea
Net hermeaansdusrheed hi ghest decrease. (tThier doafntirtys | h
bee cobkompkegsfemlt| owed bwi taB2e6p gieuwdtr d OWPERA , 2013)
Figusbows rawni eow eof btehee cwoilnotsesr&s o D ptehei nyear 200 ¢
2010.

Mean winter loss %

) NG
>SN ) & W& NGO NP
& Y O & QT @ @ F
Wt % © N 6%- < ¢ 2 N ‘&e, é\\ X ] o
2 & & &
o & =&
2 <& <«
&
R

Fi gulrCev er vwienvtbeere coll osisesd y-¢€

2010Sour ce: Oper a, 2013
For wild bees, amongst of hedeichupnap ebieetas ft o s
| onger.Ilmertihoed Nenoh er It radht cS5i0iBebdd e e s peci es prese

so called ORedhkeysta@er whiheb xthiematdi oonf or

>
w o

apdeameder Sl uijs, 2011) .

s doefc Ibienek aptdigo nisnf |l uenci ng eropryssemss samciem
nctionwilt hgirnoupn (&t edgasmemdresamd er, e f2e0r0r2i ng t
Sall e ahf83 Gaobddd,Tscharnt €enseer valn.g, Wwi @l )v.er s

0 sy s tinepnosr tiasn t for sever al reasons. The diver

,
o

ceissesenti al for t he proviExiosrysbémesoesystoc¢

w T o r " 4 ao -
o Q9 < =

ervices provi deasebys eercvoifsayesanermbareges bppl y of cl
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woosdupply and agriculTthuwraglwmcosygptemodec tvii ae. bee
pol |l i &t soher et al ., 2006 Diefffeeremtyg beo®e Dapeéy
pl ant svihe cihe sme srec utr ket hevawmuirppliasnatl sogfecied 0.1 e

secudi mgmrod$i thleeeasds t o moafe trhees i ¢(cFageycEteerm et al

referring to Walker, 1995)

The decl i ne ©frrebaecehsi nlgr icnognssequences f or human

—h

rom which we dertiiven oman falodo FPeldome by wind

plants is pollinatpdr dgntahi mabaingd tsAmaute n8d0 on p
byt he estimated 20.000 different bee species.
pdli naby omnism e cisal | vy on bhe dpomkebkit haated honey
bumbles. They accountoff arhe8 Mmitod i O tppdrl d tnéattti ® n
perciemmt car rbiyedwioludt pol l inator s (vantypefs SI ui |j
agricuwlrtoprsaldepend on thhiiost icco npalilsiemantilpapnr;d x 0 ina |
the gl obal food provisiaomrmeruTheaesd i krrompppdmsng cd
peaches, | e moanrsd eagnedt acbrlaensgeasnd nuts | i kmébeaggpl a
t omat oes, al mondsCodheecashewonansalcda iiown pl a
depend on t hehopnoelyl ibneaetsi oann dbo yo u mb|l ebees. Mor eov
feed, floe thkeamprop aldml pal lail sat idoehpRehamnaen kb,y |
2011) .

Because of tohfeoli Improattams,e mor e and neoxrtel nacttti eomnt
of bee popuhat2leOMBEur opean Paal remehut iadopt ed
reseanchhe r edtshaeres loifnebee psop(uBlait swnj k dtheal .,
exact reason for the bee population | osses 1is
ma ngt u dtiheast the explanation | i eReédmera c& nbd entae

200Bl acqui ;OPERRPDORDHSB8aexrft en s uwmmdtelirzaende o f

t h@ol ony Col |l apse(VvdamoEnmege!l JdCcCDY e eeta ssdim,c | 20@9 ) .
t he det erfi onraatuiroen, a decrease of bi odiversity
and nestingAposeshibmbgéeéniesatpi croaafd mnahgt heu ketdur e

to a unil ateral supal yummmli mlechat abgdapbiy | dnst
overf eaha&age sealBmomt hoefr breeeasson causi ndg hletomeayys eb ed
t he vmirtreodadred accompankFedt ldersmarse st he i nNcreas e
pestincdgetsi vely abyeweskéehendetBbBe(wan mdmurneSIsuwis
2011Bl acqu). re, 20009

Our human popul at,il eadiusrghsatnoéskpsgameonwihmgh often c
at the expensEse offi ngarselceand |apraeraillsti rspaea | e construc
projects and f ost eirrerdo uwlzhues ivdeeevsesl onpondeknbtsy obfd d g e § s

bui ltdn amgs f oarnnda tsiuosnt ai nalbd gmBam e .ap the naypdpesr t uni t i e
2 2



for the creation ofUrnbeawn gargereinc ud rtbuane arsehadsn.e 0
devel opment of these areas.

Big citieer tdame aAdcdspgRoovieertdlmaims poitrhti:nka trmaumise ra
protgarcal r eiandiyt aatdeédre beingni cpfémerened@act 5i €
Examplespbj eclbse Raldkkegagrd cul tuo,@afl Rdtitedrdd a m)
6Uit Je Ei(gregn. =StRrdaddm Yo,ur RoGQwner @iamy , 6Far min
(Amsr dam) and OFood WOrltHhgesée ipnaogemttacdame a
succedséult o a numbeFi dhéetelrpgrmscsmenassed awar eness
chamged the need f(oQr efadd dves eCd & sy thyanbg, t2h0el 3¢ i t vy
Dakabkkeaet20Se3gdondhgal th problems amongl chysiumed s
consumpt itohne uardgoemstfi mor e-sh ¢ dlétshwh i Icihf e chmange o
egnerhi r delpypl e suffer from more f oaowdhiicrht otl heer a
egative -mwmkeracf IiB urmlEtdembdé&rteesnt bne City Lab
ourthly, urlpaoj@agmn saubsobaseovlke Be6e stimulate s

morgtizens (Far mi Agd t hjepneaolipltiye; azdelmdo.ree adn en at

- o M S X

rom f ood prrboadnu ca g mimau Igptl mrye a signi fi cant rol e

—
=y

_1
® O O

s e pr dbsl eeamswayl tt o e druecoantneecp e adphleem t Wiooeld t he
duct i (Dakakhleaim 013) .

bi ggesturufnaccoevse riend csi t i tetsa fatraer grroeoaftt opat eanntdi
rban agdeéevel o pmdeanvw i Y¥or&n e xaamiptlye wmHEpyel at ed
opleavte already bek®r Brmpdlklimemt ®rdange, a rooft
ng | sdnantbhfdks f ew projec¢tins t &les dN.elkehieldd kabnkdkse r
tterdam and Zuide@@mnr &shéemtngonsstt esrudcasne s s f ul e x amj

U - T © +H ©

o O

'gLAlZelidarkAmst

FigeBeookl yn G Fi

urban agricul't Souramster damo,2&d
rooftop in Lon

New Yor KSoQirtcye.:

cityfarmer.inf

Ther esenceploafy ebseseesn bil @lhien success Wi toaobanbtas
pl saoaannolte poll inated and will thus Bobe@s oduee
not ompwpyrftamt f ood b n o . uMiotisies n o f thealwsd dnee¢dn
poll inati on, a b osut( B8 0a% qoufiT Rrhese p2p0edcdi)eat i on i s m
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|l d héegsa e mall share of these plants (arounc
es are thus very important for our diversity
gener al hatumalst arepiriopnmatwballi¢tvatb ®agt er en
lhowevebani ar@adso an appropsi dhae drewierfarcmar
crocl i mat e barnoda dc odhitvae rnssi tay of pl ants with di
ctar throughownBl(ttahgec uf [ rvght DuSg& & sf en , Thea o WwWdr st
Vi ronment for beesbeicsausawmiidcdaitl a ruala lhs wmhpelay,

ncent patsitomri afes

us, t hehifso auwsst eaafrdcght eremi tntee | arge unused surf
e roof-adeasndoff abuil di ngs, can mpeoweetdhe oure
vironmeret habdi t at .

" ARECOI 61 A

u dpi eersf oirmeBas el and pmovemdtomathagreen roof s
bitats for r aame matedc f emat dareglebegd ¢ manges (Bren
06 Kadas}, WDODD@8 beesesar espahriambddkfe tuls er epfl atle d
biothatbui l di ngs HoKwedvadsi,ch2®Df0O6properties detern
eci es est aypdti s e ecoivdpeBlrmrnk ei s enl,n 220005 Br enn
nduct ed oat hree seefafreccht of di fferent types of gr
ructur al diversity in relation to the potent
s carriedvo ouwt f fi enr ent |l ocations in TShwei t zer |
vestshhaweéaodnt hat a green roof with substrates
r habitat creation of wi | d DblTeheesy asoumat urhaalt
ri etbhstafatseu |l evel s in combimadimear evi tihs idti & efrr
obably becshuasde a hleosneg erro offl oweri ng season, s o
rennei sen, 2005)

1999 Kostéere eXdmicriedf ur baan hgrneeyn bmarmsa gaennde
es in urban areas in the Netomprriadstedso.f nThe
blic gr den exguuedne al omgnebi ¢ ywalaessetlyraeredtss , a nbdu
een wreaoef snot. Biarsceldu doend t hi sc | sutduwhdhyt weacso | coogni ¢ a |
nagement was the key factor for bees to est
naged and when they pawwvindgdt necthercasgeawets @ad
und in the areas (Koster, 1999) .

i's rbaksaarfcther sex i sdhtewndieexsami negsr elrecaw r oof s ( f ac

n fhoaslttehry bee popuAlathiooungsh ifrnorc ietcioenso.mi ¢ r eas ¢

bese to pol l inata&groiucrul ¢, woiptsh ot@medn g pt o end of u

ag

rtoubeed for bees i Ml stohti ¢d4d oemhanmddceser sity o
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private green by prmolsibiyrnyavtsie@dnubelde s@pkeaci esconseryv
di versity of Bess deshoemehyenbeal and duimbhe baee |
growing in cities they wild/@l probably also spre
This réeseamdhten from the perspecti@enoofe | ndt
towar dgr aitretde eicomdwgiatalsyst emse twagst eel pmo chact
maxi mi ze energy capture over, tph(BOJdenrtnidroer fleirf eet
200r7eferring to )KearelreonnernoofX00ctan contrehbhtutagtoc
solutions for mul t i pl@r eeerov fgpoo n m ecaarimgel eapprpd bi leedmst.

reduce stororhfwdatnercirtures, but they carnsiatty tihne
cities. Thi s orne sienacrrceha sfioncgu sbeisodi ver si ty with a
same atihmeer entvailr opsnmoebil keen ai r pol l ution wil!/ b e
roofs can be seen as a tool to apply the conce

The currentl | stexgy or e mo rceo vea reamditinalritsehset hayn Ka d

Koster anao Threesrentedidsdea | p afr@armed¢ xa mpraa € ¢ apr opert
sun, wind Aadormoihl uti on and the presence of |
Al |l t his information isbasembdi mead tdnd prcoeeIne e
provodedowrgoéenshesil gnbee dbeveheof the indivio

how t hey ssphroeualdd obveer t he city

1.2 00T Al Al OQAGAIQAIT D A

Bees kaystone species in ecoseiisdif@misibaim dc rtuhceiraelf
i mpor.t ampeyvikley aecosystpeod | 9§ enaantdi cdaty,.le§maj or

i mortance for our fodbdkpppaoVisrigd msd aNd wa diany sd e ¢
partilguwml atrhe Netherl ands. Green roofs have proc
popul ati oncsr,e awgleisc ht hiemoqgptud rdaldcsunr sTshher ef or e t hi s
ai msprtoovi de iprrfaccrtrmhactkibaonch properties anmdopar ame
are important for de@didwtyh be e N gbo [meciela aviedrst.s ¢ a |
spaclegr een wal |l s-adepdg gwmern giami | ar i mporgtraenetn
envi r onpmaernatnaelt er s f or creating a bee habitat I
di scussed inHoweéesgerr,eselmae chhechni cal det ai | s a
sudiiend detail , mabiercauseulehedewel gpement robdf s . [
researtchh hbosaryd bwiel d beesKastarmmnedddhedi | d be
are cumaiemhktyypresenthi & lwirsbeted i aar badsiuvsiy her
paraméehatismportant for cr.edotwiervera tbeoee oseBearc
gener al fordglrieres r oo f devehomwmebdniehi ur Bhh &

of biermsl,udi mpethesewhich are noyvefpmheseprseamch
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proswpdactical fionf obrontaht ippamid cygimbkeenss wiaddhf owne
areaon how to tramgfoerems trloeifr roof s

1.3 2AO0OAAOAE NOAOOETT O
The problem statement rrecshu lgtuse sit Aq otehseh nfdonlsludwi n g

Research: question

How can gf éamdegoifs the Dutch built envi
healthy bee popul ati ons, whi ch measures on
are they interrelated?

Su-Questions

1) Wh aftactagres cr ube eabopattoa tfiloonur i s h?

2) What are phebtemsenth the Netherl ands t hece
to dé&cline

3) Which bees are present in Dutch wurban ar
4) How can g éadebseo ccfosnst ructed and which g
properties areeisfportant for

5) What i mpe rptaarnatme theeres Waolri t agree@atriooh on

(fa-ame@) i ndi vi dual -slceav eel?, on a micro

6) How shoul d t heagdédaelnl)oramaotdesd tihe @i degr, to

create a Grea hmdbata?

Fi gurei & dJhmpgvcetsuraen oofv etrhvei egque st e omet hod kesledoi

t he r easneda ti ¢t lewshsiecsh dhagtuesrses which topi c.
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2 - AOET A
The t hesicsonrsefseta hcle es udbieft fheordesnt | i t erature rese:

adt hdeevel opment of case studies.

21 , EOAOAOOOA OAOAAOAE
Literaturie ornadsuecareacdh t o find out wh at research

green roofs i n poduwltdatoinont oi nt hteh ebeNet her |l ands.
bees in Itdoedddeomdhadnral ysi grefenc o mmidsrasryrsiteedmeso ut .
outcome of the | idaerbaatsuirse froers etarec hhe&sote mofs t@h & c
s mal | section <covesrpeadc ecsn neer ttihd sl igr eaelns o an
trend in ufTheanmagirmemMocus i s however on green rc

22 )1 OAOOEAXO
InNt er wiigws eaxrpesa etds t oi mfcdi matei on not fodmae in th

int er vairbe¢bd with beekeepers and researchers.

23 $AOAT T DIl BAOAT ACARDAOBPRERBO

Based on the I|iterature r esa&ragecvhe | aongde @tehneo rionotfesr
on different | ;erv ed sencodfirredd avli ediua( 1 )g(r2ge e emoo o fa
on t he-smatcekeo structure of ghreeecdiihteys.ef paspmendr 8
be summatrd we dc hewhkildstmr ovi de a qui dknpowvdrawnite w

nformation for guideli.nes of green roof <const

he first checkl i st provides an ovewwailewoof . p

o -

arameters are famdestphmapd @ vephgettalhanent ati on of

-

ooeft dhi s checkl i st i s mai nl vy val uabl e f or h

cosi debruinlgé&i nggr eenf he g o fc.an design t hreg gtroeenher o
guidelines givehhibfgedthlei cstheckh i atso be used f
roofsheir cur r dmotr dwreietsabtiol ietsyt abl i sh on this r
can be i mproved by doing adjustments.

The secontd prhewikdes prad d ppttems rfoof s on a city
par amet er s pdreeptrfleosr e necxea no f cur rcingt agnrceee nb ertowef esn,
and the presence of vegetation, Thhosh cbbec Rkl bDst
espeétiyaval uabl e for municipalities aimsingn to

—

he Theaydi fferent purposes for how the checklI.i
categor i eTsajbl.seee al so
To test ared tihlel ufsutnrcat i onal ity and us e of t he

devel oped. The first case sppueeni sloeaf matsteo st u
27



steps of acraet egg@phlei ekdase study mdi dom@odbngar 86
Amstermdatmhe main building of the VU University
The second case study i,swharei ead@ out non anaait
presendthiyetcdaysteihss&« ur i ed outV.Tion sceaet ehgoow yt hhe par a
t he wphiecvred anal @ \hel marce ¢ o nunrercotuendd itnhge tahree avVvls gr
anal ysed, the district |a&tZhuiisdea aqgs teex adbrdiynne dA mhsot w
i deal roof | amdid daipweotkomnM d.eeist w scal e
Case st |Building s|City scale

I ndividual|Col |l ectt i o
Ai m odarr
Test perfor/lCategorTyesitfCat egor Ve dt
existing raogperforemxainsctper f or manc
(fa-ades) i ndi vg rdeuweanlojc ol | eocft iroong
Gui delfiomes |[Cat eglolry ||Category I
appl wremgn nGuidelines|Guidelines
(fa-ades) appliyndbgvijappl gohbec

roof offoof s
Tabli f ferent function of the created checklists and gui
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24 AEAOEO OOOOAOD
Chapter Co

b

tent Research questi

Introduction
(Background, problem
statement, Research
Questions

Chapter 1

Chapter 2 Method (Literature
research, Interviews,
Case studies)

Background What factors are crucial
information bees for bee populations to
(Species, behaviour, Sflourish?
etc)

Chapter 3

What are the current
problems in the
Netherlands that cause bee
populations to decline?

How can green roofs
(facades) be constructed
and which green roof
properties are important
for bees?

Background
information green
roofs (facades) and

bees

Chapter 4

What are important
parameters for bee habitat
creation on green roof
(facade) on an individual
level, on a micro-scale?

Chapter 5 Design for biodiversity,
development of case
studies

How should the green
roofs (facades) be
allocated over the city, in
order to create a bee
habitat on a macro-scale?

How can green roofs
Discussion and (facades) in the Dutch
recommendations built environment increase
healthy bee populations,
which measures on
different scales can be

Chapter 7 Conclusions taken and how are they
interrelated?

Chapter 6

FigbMa@esis structure
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34EA AAA

This chapter examines the bee and its natur al
present in ¢ haer Neehprdérmnad, then the chapter s
of a bee in an ecosystem. Furthermore the foo
why bee popul ations are declining are stressed

31 Speci es

Wor |l dwi de t her e e xei sstp efcpi ceilbd déan2d0 .c0iOrOc abe3 50 of t
the Netherl ands (van der Sl uijs, 2011 ; Peet er
be grouped on bamsregannoifzradh dbierdriasrao lihad t hr ee r es
categories e@aax, sxodditalr yb de s and cuckoo bees (
1999) .beveosst!l i vi ng i narteheyoNlddidmsm.r Ifeemdbad e of t hi s
makes her own nest, obtains supply for the br
Raemaker s198 9Smi t

Category/Character|Exampl e
Solitary Femal e makegRed masorn|
nest, obtail( Osmia | ¢
for t he br ¢
|l ays one egd
Soci al beqHi erarchy &gHoney(Alpeé ¢
indivindual ssmel | i fer g
popul ati on
Cuckoo bedlnvade nest/f]Red cuckd
bees bumbl ebe€d
(Bombus §
rupestri s

Tab?2ki fferent categories of be

The secommd owdtsehgede soci ahelweee shtbBabemnterac
solitalrry ©D®e%®9 the Netdloefr |l amasel bepaeoisds .basi c f

soci al behaviour i s when multiple females 1| iwv
her own breed cel . I n a more advanced soci al
domi nant then theeoothkees. f Simal sasetend@dgdhe The s
mo s t compl ex soci al construction can Heref ound
only one femal e, the queen, is fertile and th
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food provision and building and maintaining t
The honey bee is al most extindtn itrhet htehawie2d 0i9
were about 7000 beekeepers who held circa 63.0C
refrring to NCB, 2011) .

The | ast c at etghoer yc uocfk olne elasé sios Th vkei baeypwvadet st
nests of otbhekobebee Khkl s t he ytohuenng |laayrsv ah eorf
eggs i Moshececkoo bees only invade one or a fe
and cuckoo bumbl ebees do not coll ect their owl
spediPester s, Raemakers & .Smlin ,tH&E9et Wersitanddh
di fferent cuckoo b*eaer es pceuccikeoso aobfu mbHiedblreed ( Peet

Smit, AlLU999%ees except for honey bees artenal so
mentioned as a separate group, but they are al
This research focuses mainly on solitaryg and c
o f these bees and do not col |l ectmende ctthaat awhde r

favour abl e conditions ar e created for these f

t he cuca&kraes elaed & d .

32 Behavi ounatnidorfi ng in an ecosystem

Many plant spegiest wobultbempotiPodl e imathepdodlribismsdtee c

poll en from an anther to the stigma of a flo
Wageningen TURijisI20@4)y abioticadfdcwatrer | dkebwi
facthyr asect s | i ke butterflies,i ntgdv eardfsl iaensd, snhoor
specWietshi n the group tchfe imopsdc tismptord alnde piod | i n &
201Beres are importantanf uenccdsds ysntad m,g rhoeutpbsa soafl t h

diversitgewesSntedreaaht err ef2i0i0lRg t o LaSh9Beamdd G
Tscharnt ke Béesiales @fA®©BOB)nation bees transfer

t his way secur e genetic vari ati on whi ch form
(Koster, 2000) .

Gl obal l g prbhdetl ébse appr &x ioma toeulry mnmBols t i mpor;tant c
Bl aqgrcar,i )2T0h0e9 Net herl ands mainly <cultivates veg
seeds breeding industry. These sectors heavil
Honey alreeest he most i mportant pollinators of t
pollination done by the honey bees is around

|l i ke bumbl ebees and gaalsiothna rbiyelrebees s ( mosturhyg ©LBE
year . Al so wild planty ome piodd i ché&fd @rdach theea VDo s € @
wild plant species i s @A&dldsi ndaotneed bbyy hionnseeyc tbse, e so
20009
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Bees coll ect pol |l ¢éhemad|l hectttesirnastna ffaé e d mi ns p |
poll en are needed bfodhry dgraa vetsh daemrrd hveeidr fernoemr gnye csto
Honey clheasy the nectar in theirt honeyhet bmael c
where theytprihhecresy by aelhyadrddtnign ge nizty me s . The

consumed when there is I|little food avail abl e
Bl itters@DpPR et al .,
Al so poadhenmpoetant food source for bees. The

determheegi tality of the bdédengkonypyl 0@y a@aownsann
i50i kogr pms$ | @aft quUBI ne, GaQ@h®ring bees colihget p

bonded on thkRack hi odt hegbeehive. I n &aheabeehi
mi xed with gaelsiwaedndni t he honeycombs. Her e |
substance takes place and the so called 6bee |

t he f or matwihanc hofi sj efloloyd f or warmlgerbelerese smnakred drh

with juices from feed juice glands on their h
this milk and it has a different composition.
able to grow the | arvan peettehMKblspeoaeée ngf fa
protein the feed juice glands <cannot devel op
taken care of and get | ess food, wBhDOB can | ea
The bee is thatofiloy insedtood provision entirel
makesuch a good pollinatbe. bee gesérabk sBhéeuate

supply pmoéc¢teatrhaendnor e honey the col oWiyl d@sma uc e
use pollen and neci{®et eonsfeBRdembhleéThd &c¢c Bakcod o

bee depends for its food provision ,0nWddter if h «
1996

Besides nectar a nadl spoo | cl celnl ehcoannedya abtehegs asw 8st whi
usedetad ecrso called o6pr ppaht s®dwe xttho anveayx baeneds tnhi exn
it in the honey rates to block hol es, to repa

entrance of the hivethersisbaditit®nsextMaermeo vweer
natur al di si nf ect antanfdu nmrotuil adns a gBaai NnksotvPab @aetd ledrls. ¢
collected from raisin from trees and its c¢comp
pl ants (Jacobs, 2002) .

3.3 Nat ulmabi t at

Mo s t bees prefer t o nest in warm and dr vy pl @
Net her | amnsdpse,ci 246 heiuri l dests in the soil. These
nespgrseafbelry on open sobkesOnest cbeasrmavVtiegnmstplitkse b
ground ivy or nettl etshiasn dc aonn bpeo dfrexrrw eegxnao ool dess si ¢
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They | i ke sandy, flat, Or s o mp wbadl essosol noepsitnege pg r

edgekost er, 19080. n8emengropetth@esedpgr epte ne:
(Koster, A., Consul tancy2OW®e@etati on Management
Ot her bee species nest as wel fFspacitéde. gFflobend a
remaibnéismpgeci es nest in places above thaekeground.
use of things as ®Dewawedead, whbedch&8eef 2802), gr a
holl ow reeds, bl ackberry, el deemadéehobjkessasdr
nesting places, thAbosustpeSat eprpt &fpexh®Ecbemnsd he

Net her | gindst nese facilities (P&8Oter s, Raemaker
During their ' i feti me most bees stay <c¢close to
the bees is determined by the kilnidt yofofsptlte els

environment and weat her cbodageo(sl yMagyospetos
mor e t han affenetdo ze msvagy from Babeut bhbeswsent
met er s meot g3V@&0sht,r i THOSt er , A.c,y C/emgedlattd o,n Ma n a
201,3)but the exact forage di st.anTchei sofa lnsaon yd ebpees
many environment al factors |l ike wind force an:t

find out t hat forage dsiesdd alnceky iqicze,adletewatirh dr

relations bet ween t hese parameters. Larger b
di sproportional | arger fon&Ggeedli sabnelonay han 2
bees and bumbl ebees d&awes i 2neis) ainlaemsdsy elaanrdg elr a rbg
di stance; up to 3 kil ometers. I n cold periods
(Bl acaulid9

Solitafpr bgéy when the weather i s war m, prefe
l'itihd. wTheogn ftllye owar mests@airn ®d&r ltyhes mgpraiyng tt
11. DDwar. m. anhdoygré6mOOand in summer t hihsowrsm.usual
and 1h38o yr0 m. Only on very warm summer damays bee
houBsnce honey bees are physically very simil:
behavior iwi Isd mb d ag (tw. BDuungbtl eefbecnemgo @ 8 1 3y equent |
thdyr adageing the whole day undedi tdiidrner ewhek
temperatur® ideghlbeeywgwest8art to fly out in the ec
Mar,dah | | the ef&oet eODAItAdDd OMdJney bees forage durt
of March til!] tTthe dnd ®daf wod tdol dyeero. u t in March a
| ast to fly out in October are mainly mining

201 %i | deb2i0j}e3an. nl ,
Honey abnede sbumb Il eb eoeust at beéewmpenatl®r easnd 35 degr
tempesathieteveen 18 and 25 diehger eteesmpermreaeataptei mum

honey hlhsed o be constant at 35 degrees. When
34



t hi s, the obeddewiblrleedo.Wwihteh rtehaitn vei rag g humi d

hi ves honey bees should be | ess than 90 %, abo
formation of f Co@weringc otghte @hti voefs .t he air the m
CQis 0. 25%. Naturally the air consioweds ham ahbhedr
t ol er an(cPer alkitmijtk onder zoek plant & Omgeving Wag:¢

*These membersent the,sisbpuahiceomcitmal9@@ mber s mi ght be sl

date numbers were not availabl e.
34 &1 1T A O1 OOAAO
Solibaehsave speci al requirements for their bi c

regard to f ood provi sinmonno@taa@mley Holnaenyt bsepeesc i a

bumbl ebees are | ess depended on a cereaiphakin
specptyphliidgBast erRes20afrOchhe i n Egypt, Engl and, S
Switzer | satnhdats hhoomey bees <coll ect their pol |l en
avai)labseally from common spRccesdilndket agpulelui

t hfei me st attracthorele gsepseccainges a(f Mawns} e cl over or
cl ovliari f(!I i u,nd afedpdTnasy @mx & ¢c u m ),@fl faindPamgaot te(@ g o d s p
rapesBereads s(i c)as enea fallss ®rAd tt hes e pl antNetgherw and st,h e

t ber esul t  will probably hold for the Netherl an
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pollen types

F i g 6IThe bars represent the number of studies in which the certain plant species is named as one of
5 most common pdlen sources for honey bees in Switzerland. 114 datasets were in total analyzed. The b
bars represent pollen sources found on several locations, the other colored bars were found only
particular locations. Source: Keller et. al., 2005

Kell erfedinbddonége col oni es di fcfoelrl eict i b heian A «
| ocati ont haendpraeddfseor ence of the col ony cedulad .cha

referring to Van 200t5 Mse zcdle agt tadla.t baspldast t h
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e

ecies there are more factors determining th
actly otrhse saer ef aicst unkno®AO0%edyl (eKelaller fetunal .t,h
urces were determined by ageprsocceosls eacfti mat wnre
re profitable sources continue Vvisiting thei
ss profitabld@dhéobdragersesrom these profita

new foragers and so rmaerse ap reo fseeyl aedrtit eepdlf .d,BSdkled D L

3.5
Both the honey bee and the wild bee popul ati or
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h
h

Mo
col onies (Oper a, 2013) .

Threats for t he bee

an a century. Of t he 350 ss ple8c8i easr ep rleissetnad ion

st & ,mevahnischt hese species are threatened with

going on since about the | ast tenalyrmagts (v
tinct in the wildeirmol oai Net kempl a bhs dghtm)e kte e tp
nger of Téaxtivancectwilonmny of the bees however i s
e probl em; i n -2t0hled wihret ebre eo fwi 200 G mortality
13) . This is a | ot hi gherwhiham it d evaddmwdremm@ % 6
ui j s., 2011)

far there is stildl a | ack of knowl edge on
sses and which are i mportantt hreirsek afraec tnoarnsy (rc
nsi deredmper bhaesathmg the decline of papdl atsieon
anges, the intensification of agriculture, t

e increase of humandpdpekaskeen (®pdcpprps2né3l)

e ead, o cl i mat e change has an i nfluence on

351 , ATA OOA AEAT CAO

Last decennia the quantity and quality of t h
(WestricBIl adquwi9br e, 2009; 1lvarPedéer S| &).  R&dm2 o]
presence-)oopfe n( sneamtiur e wi t h an abundance of fl
suitable habitats disappeared, got fragmented
homogeneous i ntensi vet aigdd gpd aruarec ewhd fc hv d lewmab
necpamant s. Al so thanduppbyaddty spopol umeinl at er al 3
equally distributed ower tthangesar al $hrecwgh abib
di sappear (Bl aqui 1r20112;00Pe¢;e tvearns d& rReSelmeirj,s ,200
not need a | arge habitat, but food praeaviosieon
proximity oBoewbhbnotdhéeferendti shamitt dtrso mareeacthoa
di stance is ndateireoogemet anddi ffusi on and exc
becomese vul nerabl e for extinction (Koster, 20
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352 #1 EIil AOA AEAT CA

Concerning climate change t hdienfefesecchthsg;gens ul nef f
fl oral BDi Ve e ntyurteesmpleegad t o tddanfafletresrngpdp If Yy oo fa,
poll en arne Montter & NBY ajcawu, 2BEXOt8;20mk9 )d.r ought s
result in |less feowefoddBhacmpeyefeogr 009)

It i sx anoottl y knownhahnogne cwiilmatienfcl uence growth a
of coliamied s Cont e & Navhagws it 2&D B p atihnofgleunesn c
(Bl acqui rea Raoge, almount of scientific dat a
changes affect ddeelsBpredonwed bt hdnegctly be aff
hi gher average temperature because of cli mat e
200Hpney bees can adapt t o a broad range of
temper &tspree s aH dryo ptehaen h o ey sb Mehlas htelmeae capaci

adapt to climates with a hot aver aQlern efmpree ait n
particul ars hhoaunh edy bbeeeasbl e t o overcome <c¢cl i mate cl
of climaetaendhanger factors threatening the spe

in thel LfeutQuornet e & Navajas, 2008)

353 $AAl EEAEI T AU AAA PI DPOI AOEIT T O

Theeclodfnehoney bee popul ati othes thhaes raedaldsdn sonimé

beforEheawiatrer i s t he floirghontetyt hblee@eatmo ment . The
present in the Netherlands since 1982 and i s
bl eeds bl ood from | arvae, cocoons and adul t b
theme effects of the infectnoan syerAdoaasmi ¢ gulat

heabf ht hdebeerepowai eéd mh&es tadsimstant f or ot he
and parasit268609BIl aqui re,

3531 #1 1 Pl AGEOU 1T £ AAREAADPET C

The increadiesleaseskx aomd the drop in food suppl
more compl éekaacityvikKinwoleedagnbde .ski |l I s are di sap
they are not transferred from exp€uireheetobee
despite itnidd rlectgeconomi c interest of pol |l inat
a very profitable bui0®®&ss anymore (Blaqui re,
3532 0A0AAPOETT 1T &£ CAOOETI ¢ 0001 ¢ AU AAAO

Because of the diversity of pl ants in gar den
excell ent habitats for honey bees. The many
continuous and divers supply of poll en and ne
cities is space and the risk of peoplwi tghet t i n
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smal | gardens do not have enough space for th
getting stung by bees can | ead to hassl e bet we
claim costs for intan@idle damage (Bl aqui re,

Ten a much di scussdaclpfnehloeamyf dbreet pepul ati on

pesticides. Pesticides can harm insects in th
theykichh omrdeefdohaenyd ¢ as uloatuts &l ed edbted f eSuls al
probl ems I i ke influencing t he |l earning behayv
shortening(BFaduifereTnme2 0i08) ake of pesticides
causes dhemageofsfgmnt bees ( Oper a, Bee3harBeohueé-
many pesticides are forbi dddmaqawverr et,unbedt Oh0iads)t ¢ o
year t he European Commi ssi on put a taeimp or ar
applicati omesondifcogdmeodi c odli catohi id$ n e, t hi amet ho
i micloprid, because of the possiblAeacefrfdé atgs t ©
Bl aquar breemeeoni coltGdOh0bimés more toxic thant iooegsan
which were on tke&8l amaquikeBe,baf®@ ®)of thepy aoaicC
considered to be one of the mean reasoM for t
reasons why these substabheesausaeet mesgspemsono
(Bl aqui .Mé,j s2 0h@ed hpse starn € i dlesor bedt thbenopé anhsoagh
the pl ant to untreated parts of the plant. Th
t oxi c for i nsects ( Mi ni s tAd yw d e Bnee apger si tciucl itduerse al

onsi der ed -lteot hrexcvee f Db t he belest hadl tdhomugedn tsruabt
esticides have little effect on indivli deautal s

loon bumbd edws st hat chronl evekpoenonoeomifadiiiemali c

ehaviour and causes a higher moamaj ot ydeat ea s

c

p

a

and pyr éerteratvriil gd mé f eancti oning of bumbl ebees.
b

of brood devel opment and therefore the health
f

onag behaviour, especially the pollen coll ec
whi ch | ead t o | ess forager recruit mewndgtno t o d
worker | osses FGitl heGitmiolmaée,t 2a01 2 )f.ou nsdt itchiadte sa ing
more | ikely to cause atdwaraesehbeet pps2pdpikacl
Al t hough Gi l |l et al . did research after bumbl e
effeacthalds for honey BB89. BE&8cquian der Sl ui]j
Since wild bees are physically similar to hoi
negatively affected by pesticides. However wi
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therefore |1 ess in choenteafcfte cwi tchn ptelsemciiges hud

| ower . Research t hBluagdrgeai,s 2 0alcok)i.ng so f ar
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4 50AAT @GOAARMAAO

Ur ban grreeeenn ,amghf gr-adesaha provide suitable habi
chapter examines Ibhewcogmesemucbefls aodnwhi ch tyrg
suitable to apply on them. Then it stresses wh
for new habitatAlcsroe agtaalenrs ffaa e bele sk ud tyh ariseacrues s «
anal yzed swharcéd rhaeienly preddéret |[astuskani anead.
concludes with which parameher seaek ompant amd
and on an city scal e.

41 $AEET RAORBT WAT AEZEOO 1T £ COAAT oI 1 £0
6The term O6greent hr oiorf tbe ndseisvcer,i b®rsn abnme nt al roof

roofs with more natueatlalltiich ed awn(dlandgass), a2 0sOeqd
The term égreend thusvegdétati dm Tdire sre apfétaamprss.e

range fromasthabkedmmsspecies tdheigilbbehescant
i ntensive and extensivbedegfeéhowoofjssestsbnsesse
Green roofs have provenr e dudeimuigre maaly preoklf é hs
ur ban \e geeatsa tf sadmormget retdhees st 6 Gt tweart e e;t al .,
Obendor f,er2)pe0t? naplr ove (a&igmtgqgudl ittay® 08(pLiCOet al
201a8nd reduce thecseaoloifng hleoad i mMourl eacttviremy c ap
i ncreasecetpd Itihfeetriomf me mbr andg h(elosmdrte a ad red t R
heat i sl amhdi é¢dsf f ebe, phenomenon t hat cities W i
environments because (0oFu stchhe, eltab dgke) hpearvneodr ea rtehaes
i mportehttbéponr this research i s t(hCbh emadme ffietr oe
al ., 2007).

42 )1 OAT OEOA AT A AgOAT OEOA COAAT oI 1 &0

A green roof consistayiem skisgskerieeh e o6 r S5t dil afyer e
t hreegul ar roof construction is the water proof
water | eakages. Then there i s aprpervoetnetcst i polna natn
from growindet  rroombghpackagek.eepPphies whegrer rgad fs o
construction in place. The drainage and capil
surplus water. The root permeable filter | ayer
to prevdmtoenmchienmg up i n the wwhteerre dirhaeiyn angieg hsty s
bl ockages in the system. The final orayambsaf at |
| a y(ebr) , i n whriccw. pThaenttshi ckneds o tihé skinmag eof c
the roof (Roofsystenegesatedntosoftemcad0b@) cat e
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of
st
ca

drai nage system and their nominal t hi ckne
ructur al | oad, the maxi mum possible sl ope, t
pacity (GreenOBoof Handbook, 20

@ Roof deck, Insulation, Waterproofing @ Root permeable Filter Layer
@ Protection- and Storage Layer @ Extensive Growing Media
@ Drainage- and Capilarity Layer @ Plants, Vegetation

Figur e7 Typical green rooSour

Roof systemscon3@Wl3 ants. com,

An
ap

extensi vkegrreeth meopdi re much maintenance, h

plOredt.hi s roof grows | dwmyegatcatuilemhksi kenadmdse

i ®ften | i mited accessi btleen afnacre preua ploe d(dwne ryh afso

c a

rryingt  tampaicnt g;rwhii web ert wefesn 40 Z%ahhle blsitdrkagt/ en

| ayer thickness oofofan sexttyepnisciald ygruepen or 20 ¢ m.
of pl ans spedri f$§peci esmodbat and gedematpHiamnestne
substrate thickness and hgrcadishsed sgramwd nige rmbesd i ene
provide the MVMeqdt avtaitesnrt, s néuftilfrrc oxlyge Net her | ands
all owemgpltyo a green roofs,(Gheemrdal. inmf @g,er2nd 1 3 )n
The foll owabigerteawildkees an overview of tédenprope
roof
Property Exensive green roof
Surface | ayer thickn<20cm

21 6 cm: selum,succulents, moss

81 12 cm: sedum, succulents, herbs

127 21 cm: succulents, grasses, herbs
Sl ope of the roof 1° to 45° or 60° (2% to 5%)
Load 40 to 110 kg / mz
Wal kabl e Only for maintenance
Permit needed N o
Mai nt enance Low mai ntenance
TabBRroperties of extensive green roof s, Source: Groenda
Il ntensive green roofs are par ks or ngda rrdeegnusl aorn
mai nt e(nkaenccaes , T RRi0s0O 6t)y pe of green roof, often ac
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high carrying capacity of  hhenssitweucgueen of oa
substrate | ayer from 20 cm orr atthei dkaeyre.r Qnf amog re
cm can even gr owab#)eesTh(es egr oawisnog medi um sho
vegetation sufifieaitentanwdatoexry,getmemn sTihvee |goraede no fr o
usual ly mor e “tamdert2d00i skgd mper mit needed t o
(Groendak.inf o, 2012) .

The following table states the mogtooifmportant
Property I ntensive green roof
Surface | ayer thickn>20Cm

25 @ m: grass, her bs,

>50 cmbs hebushes and
Sl ope of the roof 1° to 4° (2% 7%)

Grass roofto 45°

(2% - 5%)

Load >200 %laglfjmsted roof ¢
needed

Wal kabl e Ye s

Per mit needed Ye s

Mai nt enance Similar to a nor mal

Tab4Rr oper toife intensive green roof s, Source: Groendak. inf
The boundary bet ween i ntensive and extensive
perceptioammBmite aofi stdhaucnthessi bl e roofs with | ¢

extensive roofooédndaadeassiwhbltdéd high vegetati or

43 #1171 OOOOAOETT DI OOEAEI EOEAO

Many different ways exi st to construct a gr ece
determynedhe functional requirementys oafn dt hteh er ono
i tself is the slope of the roof. The sl ope det

measures t o( Teetuvaw n& whRhaveesTliod ,s @Otlildn gi ves a
constructioaof pgsseséebitoofes

Si mi Inaorr ntaol grey roof s, green constructions <ca
roof s: col d roof s, war m -rrooffls®e e uiwn ke rRtaevce sl @@ ft s

Tab9gei ves an description amdétaismpotréemndy @rwipew

Type Description Systoevner vi ew
Colrdbof|1l) Vegetati on
2) Substrate
3) Root protecting | ayer
4) I nsul ation
5) Vapor protecting | ayer
6) Roof construction
Properties:
-Waterproofsfbogcaioavity s
beari ngnedgndneso from insul at
-Often condensation on the
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the outside air temperaturlFigar e
to temperature of the air
Warmooi{iLayer sdo(wtngnp
1) Vegetati on
2) Substrate
3) Root protecting |
4) I nsul ation, sinc
construction, the Nl ; NN
5 Vapor rotection 7
6)) R opo f cpo nstructi on “L””U””[ﬂlmmul ﬂl MU“U'”]
Properties:
-Generalrloyoft hdosnstructi on
probl ems, because of tnheryv
insul at imsnullatyieaon Illayer i s
bearing construction
-This type of roof often ug
membr anes
I nvert|l)eMgetati on of grass sods
roof 2)ubstrate of humus
3)iBrch bark
4)iAr cavity
5)0Rof construction
6)evnt i |l ated cavity
7)nisul ati on, at the outsidgé
8)avpor protecting |l ayer
9)it eri or finish
Properties:
-Vapor protecti on plraoyer |anyq
plced on the beafMhegi oswms$ @i
materi al in this type of r
resistant. I'n modern syste
but in older systems the i
insufficiehtawatsmhepsiobonsu
capacity
Duwo oof|l)eMget ati on
2 ustrate
3)eNw roof insul ati on
4)eNw r oot protecting | ayer
5)xB sting insulation
6)pot i onal existing roof <co
7)xE stin roof constructio
8;@ i ()naf1 vapor protecting [l\mm Hmm”mm”"lm”m
Pro pret i e s :
-Combi nat wamnmnmof oaf and an
-Usually on top afs &an niemwv é
Il ayer placed
-Moi st Wr ¢ eanpper at ur e rpaoofp ea
di fficult to det eormpionsee db ecc
of this roof
-Littl e change on damadgesaadu
becacuasnedensation pboiitn ta b osv ¢
waterproof | aye
Tabbi fferent roof types in combination with green roof
For té@dengroof construction itself alesoicddnrsgiesnt
roof typespatifihcaveharacteristics, suitabl e

extensive dob6fsrentd ftgpes of vegetation.

431 %20AT OEOA COBBOODOEIH @il 1
The most common green roof constructions are

pl ants. An extensive green roof can wusually b
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strucltab@mr. ovindeosv ea vii fefwerodntd types of .eNxtBensi
This table aims to provide a complete overvi
available on the current Dutch mar ket Howeve
slightly diffénemer systems t hen
Type Type Description System
1) Basigl.)lEEconLow maintenance,
extens|ic roo|lcover
roof ((alb)|,
oen) 1. Sedum pl ants

seeds

2. 8 cm extensiwv

captaxiand good d

3.a Drainage pl a

of surplus water

st owage on roofs

construction with

3.b Traingle drainage system, quick water draing
More spae for roots of plants

4. Protection and abg
rocbver and absorbs
roofs a special roof
1)2 ndul ntegration of differn
Roof cost s, sbhi gabbef feur f
(Zinco|100Ym Sedum plants c
1. Sedum pl ant s, pl ug
2.6cm extensive substr
3. Fal I protection
4. Drainage | ayer
5. Protection | ayer
6 . Rcooonfst r ucti on
1.3)Se|l1. Sedum plants in coi
Pl us (|seeds
2.8cm extensive substn
3. Fall protection
4. Filter |l ayer
5 . D r a I n a g e p I a t e L L Lk )
6. Water buffering pr — 3
7. Root protecting | q§mmm 7
8 . Roof construction

—38
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2) Basi ¢
exten
roof
mor e
di ver s

S
w
p

o/\ﬂl\)
®—~o -
Soo g
— —~ =

Veget atedmmi aMi ¢ ha rpd
|l ower s, her bs, gr as g
5-28m) extensive sub
etent i

—SoVwhVLWTT TR
S C
SD""'O&\.D’“ -
[{e) -~ o~ O'—f
P O@EST "<

< o=
CLDFGT O

o —

yer .

4 . Rerl drainage layer. Quick water draieag
more space foplantroots, suitable for leveling of
unevenness on the roof, high water storage cap
for plants

5 (a)Traingle drainage system, quick water
drainage.

5/6 Protection and absorption layBrr ot e c t
roofcover and abrsearthbes
roofs a speci al roof

3) Li ght
wei gt

o o>e
VJ-F:-

®O—~o -
s o —FR

Vegetation | ayer.
ultivated sedum mag
etation growt h, Wi
er
m substrate.
pl ate (1
water, pr ¢
wi t
construction with hi
3.b Drainage mat, quick drainage of water?yer
roof vent needed.
4. Protection and absdmpn layer.Pr ot e c t
cover and absorbs wat
speci al roof cover | ¢

r-e
€dg
ay

.3c

a

4) Wat er
retent
roof

4 . \Wat er
retent
roof

meande
system

Sedum plants i n comt

n n

asneds .gr as
XxXtensive substr
i n

t and

Il ter |

QD Doy DD
T "0 -
v o3 T

e
t
i good
ayer,

< O

n
c por

Fi pr ev e

m
a s, high water
t

= =
zo ~ —

I
icle
ngt h.
. eander
i s c hlair gtet,
apacity.

. Protection and absorption layBrr ot ect g
over

nd absorbs
oo f
over I

pl ate (6cm
constructi

water . Fo

ayer i s needed

i s just one exa

tohreer ec oanrset rmu c t
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5) Sl opi
roof

~00ns=ao
oo ——o-
co——~eaf
———05
«Q T S C

opi

1.Vegetation mat

Pr-eul ti vated sedum mo
vegetation growt h, Wi
| ayer.

2. 6:10cm extensive substrate, substrajested to
sloping roof, high water storage capacity and goo
pore volume.

3. Protection and absorption layer. For water
absorption and drainage of surplus water.

4. Protection and absorption layer. Protects the rc
from damage and stores water.

~un un-=au
Hcgéc

o® —o-
o —efl

— O
—~+ T

_.q_.
«Q T 5

1. Vegetati on mat. Pr et
mat for rapid vegetat
di gestible under | aye
2 6-10cm extensive substrate, substrate adjustec
sloping roof, high water storage capgahd good
pore volume.

3. Anti-slip system. Prevents slipping of vegetatio
and stabilizes the substrate layer.

4. Protection and absorption layer. For water
absorption and drainage of surplus water.

5. Protection and absorption layer. Protects the rc
from damage and stores water. For roofs with a s
of more than 15 degrees this layer should be repl
for another layer.

—~ = =

pes bet wg
afi I naatg eg rpel
trate in
g water r et
tsiion | ayer

t s, pl ug
ma t

ive subs
draindgeaety|

- =0 —0
nw =~ 0
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6) FI at 6. A)at [speci al drainage el ef
rook (|pondimngpeomoof, hi ghe
sl ope)|green roof, but becay
(Zinco|lel ement same weight
1. Sedum pl ant s, pl ug
2.6cm extensive substr
3. Optional integrate
4. Filter layer —*
5. Drainage | ayer, e X
capacity
6 Water retaining pr ot
7. Root protecting | a
8. Roof construction
7) Gree|7.GrneeqgWater vapor transpor:t
roof oflroof o|lhampered, water retai
invert|invert|/by vapemnrsadepan | ayer| gyl
roof roof (|1 Sedum plant s, plug ?%;;?g‘;gggi
226cm extensive subst i $esos
3. Optional integrate
4. Filter |l ayer
5. Drainage | ayer
6. Vapor open | ayer
7. I nsulation —°
8. Root protecting | a
9. Roof construction
Tab6@verview of di fferent e xS oeunrsci evie Zgirneceon/2 @ ptdif g rsoyesnt e ms

432 )1 OAT OEOA COAAT oI 1T &£ AT T OO0OOAOETT O

I ntensive green roofs canhithangarkfomeotvicged atoh ¢
construction bel owitdfdo recoalh| ér atso tlmu ib[Ed &1 he gr e
provides an overview of the different N.daf typ
This table aims to pr,owviodgerveeerrc ormpd fet ey otvem ve ep

of fer slightly different systems then provided
Type Name Description System
l1Acces|1.Agcedl. I ntensive substrat g
e roof|ble ro|lsubstrate/ 20 c¢cm gr as§
(Optig|lhigh water storage c3i
perméeaity and good p
2. Filter | ayer.
3. abDrainage plate (f
0-5A) (Qutmk.drainage
water, prevention of
without a sl ope. Ligh
drainage capacity.

3.r ai nag e( D 2Paddm)nage layer
Quick water drainage, more space for roots of
plants, suitable for leveling of unevenness on thg
roof, high water storage capacity for plartsf o r
rooffosr roofs wi-2A) a s
4 a. Filter | ayerougphr €
small particles, high?) b)
4 b. Traingle drainage systgmf o r frooro fr
with a s3 Aypickwatef draibage.
5a. Root protecting |
5a/6b.Protection and absorption layer. Protects
roof from damage and stores water
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2Yeget {2.Megetl Fruit and vegetable
garden|l e gar|2. 20 urban farming s
roof 3. Filter |l ayer.
(Optig|4d Dr ai nadgen)pl at e (
5 Protection and absorption layer. Protects the
roof from damage and s&s water.
6. Root protecting ro
3Par k 3. A9r k |Possibilities of
roof (|for dirrigation a
resistant for e X
e. g. substrate,
combination of Z
substrate and th
plastic drainage
combinations pos
1.Vegetation
2. max 3540 cm extensive substrate
3. Zinclit Plus layer
4. Filter layer
5. Drainage plee
6. Seperation and sliding foil
7. Roof construction with root and protecting laye
3.RP3grk|1.285 intensi Y& msuwb ats
roof substrat e, hi gh wat ef
((al/ b)|permeability and gooc¢
oen) 2. 589 cms stubat e. Mi n er
adjusted to high intg -
water capacity, good | !
pore vol ume.
3. Filter |l ayer
4. a 6 cm drainage pl §%
surplus water, prever
on roofs wit htoudo mas tsrl
with high drainage c¢4d-
4. b Per | drainage | ay
Sa Construction prot] ==temmmr
roof for roots and st LOOCEN
5. bRoot protecting | a
7. Construction protea)
|l ayer
TakToverview of di f ferent i,ntSonwsricvee: gZienecnd Or DRotf i srycse e ms

Literatur e s exutdeiressigvseteant er otohfash ea megt ecroyn ss wietr eeldl e
many ani malt o spei(aBerlseinsnhei sreef e2r 0r 0 6n,9g to Buttsch
However resear ¢Shwi d erdealsansdBoavere | t, laia k byet cha usts eveaosf m
thin substrate | ayer. A thin substratedolrayer
bi odiversity it i s aharekdrensbvestabfi ghaon on
( Br enmeiQsernef erri ng2093Brennei sen,

A variety of substrate thickmesaerd peadsdden 4
potenti al for diffeHoevetegr@geetl dl8 & & ra érsetdaat bi hniags hac

green roof to foster bi©adnvter sd ttiyon smeat hdidf, f is
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storodgd ocal ssauii It atbd ec rseuabtse r at e i sKoastuecri a(l 2 O 1B3

alemphasi zes the | mmdret dmcyeeroff otrhe hsu bessttrabl i s
particul ar wi | d bees on green roof s. The con
nutrients in the soils amdc¢ twhe chthu mpil dinttys aofant lgae
t hus which beetshewirlolo ff.o rFatgee iwsiaili sio bcciersect | y i mp
nestinfggKeptee, 2013) .

From the different roof systems provided in th
adjeudstt o a green | ayer wlii tvle r g @ si wialgieltoiateire swiflolr

mor e s Wniatbafidae bees t hanl notthteat xstyesd panse eoo0f S
numb2eri s for examhdert edreditvwe dEthaimndg st edishieze r 1.
substrat et elnasyievre orfooifn 2i 4ned £epeuogibbahyadebscul
I f the roofs are wel!/l constructed bees. wil/l fi
As already stated-cHédfmarte sdiafrfeerad sto mincriompor t a
di fferent specapeisng oareesasabdn sthhe Srlooff farenel em
mi crocli mates on roof s, so extensive roof type
Besides the ¢$usbdtyidad reafil maygedr ssay $ tk @ mtyh e os waif tf aebecit |
fooree® foragemamd bneetsdtes @ r ai nafgfee sty sh emi é t y of
r o.0Trh e roof systems with &otr i atahpepxltaern sd vai nraog
systems 1. lofofbmemma rRodt ibng space formr pllamtts, csc
grow Hewever, this drainage system has a bit I
pl ates with rectTorgledor e pgobablya)l ants with
could be planted on this rooff,i sSoawoisdigd.l ulsmmp
adj usstu btshter at e and drainagr tpPhepdesiesdopl aimte

so an i deelailmanie rfoor bees is created.
4.4 ' OAABAABAO AT A AAAO
Besides green roofs are aclosnpctegpéenr Dasade e &en
green rreeormsfeag exi st in different construction
di scussed here.
From 1980 onwards the envifremdeneaxarmi neefdf.e cl s to
green roofs Ir egruecers tvlee turckman heat i sl and eff e
reduces stooomf watver t iraal green i s al so benef
bi odiversityr biordexampi e@efl ®08)n8d beetl es (K?°
May differentl fgrmenotexvettithey differ i n whe
to the building or that they have eanss c@mmo ratl isro
be disti ntghue swweyd wat er and nutrients are fed t
oravplanters placed on the ground or fixed on
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The first concept of vertical green i s wa l |
spontaneousafappdar satface, particularly in jo
natur al per oi cse snso tshpeerc i al growing pattern and t

the surfacen( Mixrampd ®1 Io)f. a veget aFtiegd8.rger een wal |

The second typei soft hvee rsto fccaa lalddEde gghmdeegmr een f a- ad

i svartical garden in which plants are direct.]l
buil di ng. The pl ant s extract water and nutr.i
20009) .

The tiyavmerticals dgrmeendiving wall Ssystem. This s
pl anter boxes or ot her structures anchored to
pl anter boxes i nstead of °hilnert he098)i F&f gyl
sufficient and pl ant s get water and nutrient
(Greenovergr dy.gddssh o 0D 0a®On .exampl e of a |living
Greemdfean offer both @e2VildJf eapdceupPOtyelt or be
The pl ant species of adagadat dtievd nwa lwlad ,| @gryesdr mfs:
exact anal ysis of suitable plant species for

own observations howetv egrr eaedng sfhvae r @ ad n ocli udrdreeilnvttyl hya s

one of the most abundant green walls in cities
because this is one of the ftehve o peaaiges swhisom ff
Vertical g rneaeinn ifsocnwst dofhet his research and the

fa-adesod this could also mean a vegetated wal

A

fa-aded is thus used to describe any type of f

= 35 Q
wa g
8_('D

rdei vi ng wal |

getat 8duwat
iidbidngrer si tege

i ¢ k cno. ncsotnr,
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45 " AAOOEBAAIDAAO

Not al | bee species present in the Netherland
urban area ascdeyioedtawswn and their surroundi
urban area has a htgbcdemestyNafi cdudBlasGaegr ap
honey thelesgsta 195 different wild bee species a
60% ofothk amount wioifh btelees Neotumalel aald9®9 90Pe KDat &
2000; al goot rLeeffeerbréiPrm@ 8 988 d 19mMi7t)est Bb écsisthairersg
mostilrym thedogenpdBbh@es meShhdf PAenadd)e(n Ma s oont toerr P
beeAnt(hi),dAmnutmhopBomh| eBoend),uGh el os{ oma Engl i sh n a
avail, &Pdlae)tbeere¢gro | |)eDaessy g md,aMi)ni ng (Hmd e ) t uSswe a't
beMdi/ini ng(Lheéesg), odswmmbDaubtetreMgas, Miel ¢t  Wasp bee,
Mason (semlisanduc kooNobneaeEap(ec o dEEEOI s compl ete ov
see appekhastxerl, n 2018 )r est of the research thes
as Ourban beesbd.

Koster conducted research after the effect o f
popul ati ons iens euarrbcahn waarse adso.n eR ihear € 61 Omdu nd icfi fpearl @ r
bee species were found, this number was excl ud
in public green, rail way yards and gardens.
mai nly dluegitomalecopr een brmeamagemearetfroereen entaonl aoggei ntean
was i ntwiolddiclkeedes coul d be bdKelsy efAuR@OOgh utr thia
research gives an indication on how many bees

stidlilf ficul't to predict how many species wild/

staddanantion of research is fMHeededmbehi oh begeBnc
ondi ver ssoiyl , sur face area and devel opthent p €
regional biodiversity (Koster, 2000) .

Gener al conclusions about t h eo «wtrtblmdn ubrebaasne chaene st

ground ne(?1 ngutbeefsOdl7y shpbcofest)yhe 47 species n
the other 3 owut noefstt hbeot4h7 isnpeacnide above the soi
not Rnwwat t heir forage di stance i s, but it i
size and the distance they fly out. L&¥omge bee
some o fndt blereBhrtetnea )f or age di stance amddb ddey ssi
have aveodgesi ze ofilbemmeandlbly out d368@® ances
meters. The DPody epiezieéeadasibet haever anges tsiuzd amnf bees
of the 47Thepeeises)Of tme alvee agrpecimad sepegde ou
Mo s t of these bee SHpdaddi erem arled iomut b eotf w d4edn) and
speci esgmaldresx mmhhaen body si ze and fowhget dmat hec
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specCheesl ositsomaal sp khewmver age 1o dnym sainzde tihse 8v

forage distastcec200hmetepeci Aadi dua matltl éd Tlar

di stance of 200 meters is adgsuneyd otuhtata ndoisstt aor
meters.
46 " AAO 11T COAAT oOil &0

46.1 0AOAI AOAOO I0IAAA ANEAGIAEOEAOAIT Ol 1 £
Besides themetohodsd t het igoeen roof iitself many ot
for suitable habitafThicseewBitoes sky dhesr facft @ r S

46.1.1 0OEUOEAAI bDHDOIi PAOOEAOG Oi 1 £

Size of the roof:

The minimum size of a roof suitable for bees
availability ahdntédewhmobhnpbodspentood tbhbese
Al stohe surroundings of t he r oiosf nareelh vadrtyr aicmp
vegetation onbeaeagfeorumdd 1 @gha Igchre r altitudes, on
The biggerandeoreeopol ben and nectahrandsse @ pbgeée g

can forage(kWaostdarltrddd@ends on the bee species
and the vegetation density whether a raof can
be salffiEoexampl e when a rooér edegppdmdnt el y
peppenme cofohpneywnbe@od | i nat e 580 0GuwWinfeanc et haer ecar oop
arpi ckles anmndhisuoaki rciol oA ¥r es 11500 ot rsawber r |
raspberries and bl ackbeer rpioelsl i meae ce bteh eposlrem rs \t in
needad pol00Garreakti jkonderzoek plant & Omgevi
Bumbl ebees have dwmalkl| eerOO0Ocadlnaniveasd,uaas per col
vegetati onr oagrse |a gkeei ns & arsgiwdr earsrpibees,r i es and bl ack
bed 0O0Ostoen oneThaicsr emeans the mini mumsfifzidcoiodnta
one cofomwmblebees t he ami witmismadinzey;>i(2%5 mh a

di vided by 400h)a veeSeasimiatlt 4 ey keéodni es, on averag
col ¢ vy Dugt erlefn,we 0alg3gdgi n useot heneamel ergmpf esd
only @ een roofl ni st hneeceralyelda shel t er in a backy:
sui tabl eolfoonry oonfe scol i t-auifydibeenets itno flipoeoods epldreodv i tsh &
he roof contains vegetpaotliloinn att h atns tri rena webnesra rtityehs

bersr,i eraspberries and bl ackberries.
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Hei ght of the roof

Research hagesmowmotflsatong ai tetlasi eeby At ghaat
doneBrbggnnei sen showed33t haoghselbde m@ ogtsi loln vi si
bees. Roofs at a hi'gheor al@ad éaealsyiBrsenmei Ve n,
200Bpsuming that one floor is 3 meters high,

meters high, but 27 mObewatbohy daoanesomg baslk:
Net herslhaoomd st haer age hei ghonleeye st d |l whio@h métserl t

(v . Dugt erKeons,t2e® )03 HowKeet er stirfesesleisvashadre pl a
green roofs they che siUirmewver snabovhembiemeads | e
are able to survive on theseorhneatgihotns,.i BRuekrn owinl
mo s t i mportant constraining factor for the he
(Koster Whefl3poftops ar e-s ufefsii gineerdt afso oad saenldf r
providing bee habitat a@herbaddiltiukelsy tbecloasac
to fly back to the ground isavfdliciemtf dhadi tatlkl
we | | be achieved by creating terrackeisgudalre a b
prowi chem exampl e of an example of a terraced b

Japan

i gulrl@&he Acros FukuokKap,B

our cea:vell | ersha2®&d4@8. com

Sl ope of the roof:

Mangr ound wielsd i mgeisn nepgen, bare fl at oSromeomewh

speci ensesal sion very staklpe, soimep e sne § Waantsrtioplte, of
t he rmadtfo iretewvamtvai | abil ity of open spots in
(Koster, 1999)
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Orientation of the roof:
Beeps efernest and forage on sunny places (Kost
they favour So(UWéstfraicéBnege bE&tht&neasct i ve pl ants al

gr ow.

46.1.2 #1 EIl AOEA POl PAOOEAO

Wind speed:

With strong winds it i s too (eKegtgyr Gbraetavida)it.v @ nfs
(nesrcientific) done by Koster s h owe d4-5t hkant/ hhees
Sinoeftops are often windiéenmrbhiakegeplmad el € We |
2004; Ko3td@dhew2®hdBerotecting measures coul d he
wind (KostlTéi,s 2®L3). be for example high veget
On higher altitudes t herde niusi smonrcee winnvdh,i gshdd ea Ir s
mor e. Addhitghh nladillydi ngs whiteh eoamdresuolrents he
on grounMdelredeolre urant pl adaet stohrei gh ubbiaihndiph
to avoid deteri owiantdi ocnl ionfatteh A(sWi ssksiee@ a d2y0 Oadnal y s
section before do bees |l ess frequent vVisit ro
altitude. This is partly becaukestodr t h20k3).ong
To be abl e rteocimaekemagppphng of wi nd currents (o
measur ements. | f t hat is for some reason not
common wind directiSonunWegt sheclkodat isorn hies most
direction liann(dbee¢ eN&i B¢é& @, 2010) .

Humi dity/ rain:

Beehives ofhahvoen eyp ebceiefsi ¢ requirements for t he
shoulat bmaxi moml 80i%ve gi(rPrakmi giktonwder zoek pl a
Wageningen UR, 2004honeéelyhebdaxvome emtessta overy | o\
bet we@dmd % rel ati ve thearmamd,i t20 23). .Dug

The relative humidity of environment al air do
(Koster, 2013) . Rain is howevapoti §l g comhstwwhar
rai riLreg Cont e 28 0VBak cag 0a@so, ,

Sun:

Bees have a preference for nesting Tohne ywafrlny aon
preferably whEekositterijRso@dwWrngwh i ¢ h receive a | ot
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therefore be mor e sui tabl e f or a bee habitat

shadowed.

Temper atur e:

Honey bees and bumbl ebees fly out bet ween 10 a
18 and 25 degrees ( ( Prakt i jWaognedneirnzgoeenk PR ,an&2C
Bumbl ebees fly out Inyordeurfirnegg utehmed lewh odtidf ddearye n t

weat her cloywdi e mpabaotv-@r éBe gr ee s . Mo s t wiulndhybees
days tvwimpher at-u8ededgr dé&s Celi ggihu 4 ,e mpetr awiutrres t he
when it i s cloudledy (tXom aftleyr , o 2t0 1i3n .t he earl y sp
of Matriclhe,nd h e f October (Koster, 2000) .

Cities have i n gener al hi gher tempehasures
temperatures are measured in city centers, i n
gener al | ess. The temperatures are deter mined

the time of the day and t heesvewitthlerhicomdb tii lodi

more warmth than more open cities with | ow bu
wi || be more |l eveled throughout the whole <ci
i mpacts | i ke traffic, de spedicdl lhye aitnfnlguamae ati hr
cities in winterti me. A city can be up to 4 d

and up to 7 degrees for <cities with 200.000 ir
wi ndl eswsi tnhi gak ¢ KB & Q )s2

46.1.3 6 ACAOAOQEI 1

Type of vegetation:

The Il iving conditions for pl ant sTlhes & ocfodct ar e
among otéwaisl abhiel ity odnddtelsat i &4t ¢ yt @hedo dpte e s ent
of nutrhensasilinid essenti an cfaosre polfa nttso g foe rgtriol
pl ant speci mtse dd espH agErexli es . o f very ®aptindedsu
vol cano gr aynwhkil eal laywdaicrl,a sunl i ght andgmwaw er a |
The regul ate the amount ofa wad geu |l arteeadc hmonigs ttuhree
the soil i s requi r2e0d 1( Teeuw & Ravesl oot

Many different pl ants can grow on gerxenemeof

weat her cortnodwgt s, x s remeughsevéanegsiteeuw & Raves]| ¢

2011 Oberndorfer et al ., K2ioOnOg7s, bruzrdy@ 4 ni ggenéeoalDua
pl ant mMpetci ebhese requirements best, buwtanal so
surviveitbemset &spesi al dayndr opclkanptisanar i gi nal |y ¢
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areas are suitable to growaoienr gelhes saal|Pd wmintt sb |
becaluysest r schgawesdget damaged and they dévapor a
smal I |, hairy or begnératewavé&sRpee $loo mt, 2011)

Native plants are adapted to | ocal cli mates a
consi daepplfyirng on green roofs TéObwr maddr fRearv es i
dr afat dd st of suitable plant speciesappegdow O
0. Wh a't should however be stated is thates$his |

—

hat nearl y cdwer yc opulladntbes pped anted on green roo

—

he climatic regi on, it grows in appropriate
ept hi tashdafsf i ci ent i rrigation.offhthd whbidlidli dligenapnde i

@ certain owmi ntdh es twrlogost sh al so deter mi nes const

- o

|l ant s. Sedum plants are nowadays the most ap|

-

e many more options to be explored (Oberndor
attsaocmn beeen roof s, the vegetation | ayer s
neont a005 Brenneisen researched the differe
dum roofs and herbaceous roof s. The ©Oesearc
rcent f the bee species compared to herbac
e amount of obl sedoma&®depasrscent |l ess than on
rennei en, 2005) . Al so Kadasspsgtoema gdodd einn almi
ar for bees, but since the flowering peri
ol e seas200n) 6( Kadas,

rch donde Kbayd aBsr ewnanse icsoennd uacnt ed i n respe

- = 0 5~ 4B ®” 9 4 9 T

O O - T T O ® W T ™ @ S O
(@]
~t

> ® »w ® O

e rese
Uni t

i nf

(0]

0
n
s
0

mpl emented with a broad range of native f 1l o0\
a
a
ed Kingdom. For the Dutch situation th
0

(e
~
>

bmat achraemanhidvebpluantvegetati on suitahb
fs. By d¢ddiinsi mind or mat pohl anl aead ionkgt fat sabipel

—_

fs is created.OThis |ist i s shown in

-

en ro

-~ W @
> O

0
des poll emegnterscnbspamepklanatper Dp i 8
Net hersamdsntnwisol |l ect(ePdplud g appmlsgarl 9O0R2¢ e

ce this is a very bitgr eee evei lilt grsow ootn vgerreye

(7))

coul d be cowsdetntnitggrmogund | evel

Di stributiohbafevegetltati on

I n addistuii e mdlileen and nect awi |sdu pgprloyu npdl annetsst i n g
bare ground ¢ We<strreiadTeh enrfleds3&r) e no exact number s
the ratio betwerenbplanardaas ma’yledw OO mMal ready

suf fi(cKioesnter, FD01Ah)poney bees thisaacelaony iewvenf
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beehive can pofl phanesl106&pmr ohdo@F0 Iprhbaanrtes ms n-
for plhadierehonwvebumbl ebeesr @ dqiieb aaendo usndi lofi s s ome

bet ween these two number s.

46.1.4 - AT ACAI AT O OUbPA

Mai nt enance:

For the maint eintanice iorhpdrhteamtootfhat the vegetat
ofpol l en and nkhet dwagagen ngf bees, so from the
beginning of October. This implies that pl ant
mo we d . The mowing or cutting should preferabl
s (KoFfher sathé6O0Omai ntenance advice holds f
should not be cut when it is flowering.

Th S

c a

pl ant

e of pesticides irsesheaarrncfhuli nfdoirc aht oende yt hh es
adverse ebdhdctsbhboerdfmo hdobded. Koster <cor

re ch that ecol ogi cal green management i s

» D O
O 0 9 0O <
- -

With ecological green managemenbtotihs tr i

-

a nAl d if vaeurashi. trganl i s i n an ecosystem contrib

l' i briumhénexidti ersce of gradi ent s i n gr ee

Q
-
- € O O »w < o

abl i shment of biodiversity. An exampl e of e
side has ha damtilde t gyl owge tthe soil al so gra

- o0
—

eremabimizatr® are created and higher Dbiodive

m QL — d® O

or the wvariation of pl ant s t he hél oregilest di v en
i mportant . Fl ormally di mporsti ayt i sormaéasenogs bands
Di versity i n miomniensptorrutcatnutr ef oirs fauna i n gener al
vegetation in terms of openness, coverage and
become. Vegetratminon fios fmpmma as a nesting spac
Mo wi ng, cutting therefore s hSoiunlcde bteh etrrei eadr et omak
which attract bees and can beadédsaceidt oins gmrote np
gi vieecsi fic upkeep measures for dbaeeh spleante ss we
only fly on one or a few plant species it is
thisespeMany weed species also appeoamrces ber v
beeSsi nce weed tends to spread withtboudoedhendt re
mai nteffdoseer MaBgO0OCd)ast growi ng meadow fl ower
marigold provide also poll en f owerhso neeo/ulbdke else as

for a quick source of food for bees.
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Local s oillosc aslu pbpioordti v e rtshietrye faaonrsde o enreeyd aerbel be be
for congtreeost(iBogfihnei sen 200Si,nclu ntnhedt ,tdn2a0n0sop) @ re
i s kept at a minimum the(Pmbodi dah2eGx&®)idy iiss o:
derived from established m&aoddow flraommdsagaor cful ¢ m
often not suitabl e, since it i s tadad Iloaayneyr.s , T hwe
the so -tadil 2zan Bsoi | |l ayer. Thwihd choimakmigk i t end
pl ants (tBa egnmég@ k%= n,

For recreati nigb uarmadulthsdiinteatr by green areas sl
removed andxss$breg, vegeteati on, aremods eawvae ds oiFlc
varying the miuchrsaclaitreast sand andcamabel usedmt
(Brennzd@®EBen,

Not much research is done on bees negtiimeg@tisn s
Brennei sen fesnd ngr dbered present on green —roof
not cét eavthéey her these bees only use tkstiagf a
pl ace (Brenneisen, 2005) .

The green roof s hovugyridn ¢ es Whesti rganteal dve gthhs and
di fferent smhcronoldabiet atw t heaspnmrdaared iadr iebimweafasdae
fl ora and fauna is ¢r eKaotsetdd rg,0Bir2e0rigle dlbliemnd is2 §i0Q ré
nutriens amdthymeshou!l d (Kestee@w@r@d@00) nestiigng be
nesting hol esp tthe mslOlOviE®mns t deep A. , Consul tanc
Manage(mednvti esgroep Veg-&298a02)0rlbEihndcdere (clon&8d ti on o
soi l mi crocl i enaé e miirmsi nag viearoyt odets fiog diefefsi cul t

whet hesr wh e é really nest on green roof s. Furth
(Koster, 2013) .

46.1.6 . AOOET ¢ Pi OOEAEI EOEAO

I n gener al are cities more otmageabhaeneagri i oo nt
since here is a-chomateuiatnablteh emiecrac e many gar
which offer foofBlsagcwewiesr d or2®&®;s Ivn. pDlaurgttiecruel na
nei ghborhoods are s wirteabbluei Ifddrnglse eosf,t esii mcooent @i
where bees can nest. Al s o upsoulallelny ahneds @énneccet atrh d
vegetmas ohad tiNMewtowmeiggllwor hoodasn darcdl eeafneé onor @ e
some additi onal emetaos ubafleosrn nei xgahiip theaovd het i on of b
tgi ve bees possibilities to nest, or(Keswemg o
2013) .

59



46.1.7! AAEOET T AT 1T AEAAOO 11 OEA oOil &
Al t haouwugharch does not secuyrkeaedlhwmandndhtatormegrns
green roofs with suitable nesting spaces sign

suitabl e nestimastsipnage les me nTthse s&r e ledl edneand s wd o0 &

(St eDdwaernt er Leschke, ;2002 & e sgtrraiscsh , p ol 9 k&,
hol |l owbltaedderry, wrmidelr ,(|8itefhcerssse |l Raemaker s & S
fissures in rochkhsedMetReEatchr,s 1 IRHgMakd&dt S0& Sm
(samhKKadas,andoexs) ffepesvsnstfakele plat hs; bare o
soiplrsovi de good ne@GWé ntgr ipoBosmebdt9iBdtateesd honey b
beehive to nesThe Kosmpelrex 29tlr3yct ur e of veget af
of fer suitablke (Dabietlt & 201 1bee

Furt heomepyeablesecesevdh tfear t he pr od.Ecstpieaxn adfl yh mme ya
smhl pond or puddle is convenient this saves tF
|l ev@nl .very hbits dagber i sl amhgot wWsed&€lbomg c&o0Vava
2008) .

46.1.8! EQOl I 1 OOET 1

N Q:

Literature st aatierd ptohlel ud fi foen€ aonnd fhwoi nliedy t bbededess)q u i t ¢
unknown, but it mi ght thhevier af ori agghHafrge glaathieaess f duesc

odoudrmso fl owers to | ocate fl owers for coll ecti
t heosdeour seBRpmpbeenhouse gas emi ssitomei rcoarlhidl it thy
det ect tMheomaetiuc al model s predictf drhaawpxl @r een
ozone, nitrate radicals and nitrate radical s)
pollinators can Emel i epsd daanrtc ho dhoausr sal r eady s h
pol l uting substdmcleasnt diosdrowprt cpolmagrutreit,c a210 D8) .( G
Girlingeseéeamthed how diesel exhaust fumes i nf |
made a synthetical fl or al odour ,bdehd aman e at
composition of t he odour s i onmehecoanipronehhth sy o
synthetically fl ower odourwanmixx ewle rwei tun ddeiteescetla
f umes. Thi s iimpeiiaesteys bekast t o det ect malkee sf lidwe
hartdernavigate to their, f2001d3)s.ources (Girling
From this information can be <conicdleuvad eldy tbheatl obc
on areas where ditr ipolall ,stoi om sies tloow.ake i nto a
be bl own by the wind. Sinceen hbl owws d fWessm t & e S
direction it woul deeme albretatse rf otro b®¥Weshthtad i denreo fS
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poll uting source,y,f otrh aenx aonBpal $eh eas iNdi egtlahwae ayled @ t bh @ |
applied ttohicd ewvwaeng eethaatvieom ilgad etad2 u& f aces ( Yang
The dedNrQegololfumi drhe Nei héerandsTlhet mpert «iotnyg.es
areas in thPeiNeHbahag| abdsmeasdopet eynamadrghaesgd

NQconcentr &diegppdnslen t he heavy polluted cities i
apply vegetation for cleaning the air. Il n the
nesting spaces distant from busy traffic roads

Stikstofdioxideconcentratie, 2011
Jaargemiddelde (ug/m®)
Minder dan 10
10-20
= N/ [_ 20-30
= -,.w/, N - 30-40
Sk X I teerdan g0
5
y \—
Bron: RIVM. wwaw.compendiumvoordeles
Fi gur2NGQ concentrations i n
Source: Compendi um voor d e

Dust/ Particul ate Matter:
Bees avoid foraging on flowers which are cover
(v. DugteTkedQl @0aB)ins a giooby indicator for the

matiaera city. Bee habitats are here also best
is | ow.
caQ

Theaver@@eotne nt of at mospher i c Bamblecombg1996)nahdy a b o u
smal Igecshainn t hi s npoetr caeda éafgsee t@yh ingoeast. mos pher i ¢ hi
percentCajesvedfs do effect bees, but this wil.l
controlled | aboFatomgrexpefomm&®dt son see append
462 0OAOATI AOAOO TAAAM ANAACIART T AIA@AMERD OEA AEOU

Besi dasameters on t he scale -estalaem) iarde viat s al

parameters on the scal-&calfe)l fcon ybeenp etad adihfi 6w

section stresses these factors.
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46.2.1 001 EI EOU 1T £ 011 £0
The distance bedsdicddwearento ffoor add types of b e

shortest di stance from the nest. Bhimet eawges
(Wesh,ri tRO8&t er |, AL, Consultancy 2Vda dtra thioonne yMabn
and bumbl ebees this distance i s( Brhuacchg uli a2r0g0edr);.
Assuming t hat vegetation on green rooffer shou
popul atthendi, stance betweerdothevi tdotbeeshbdel datt
di stant from each other. Fcoorub o ru ey Otnmmet é28f@a nd b
course in reality there usually is vegetsati on
then have to complement the existing vegetatio
green roofs can thenabes shamteompAémengreeaonf § a
As already expd.adekwmdtihe ®eattitomorage distance
si ze. Of a tawiurbanapbkedy sgdiane ei asnidnown. For
sand Amedes na baAmudirlealdr icdnde reanrai & lIAaavdir persh aavred) a

body si zes D@15 nc ebnettiwreeetner s. Their forage di st
respectively. OneCbel bbBe omma ITeha usn bbeebes lidss a b o«
in betiwlelence8nti meters. Thtirsametehd | s 235d olueed esar
meter®bp of the urban beklsO h(av® a@utbh odfy 47 zep eodi
or o-fl&xleOnt i meters (25 out of 47 species). Onl y
are smaller than 5 <ce®@.tiPBRmrert etrtsg desei gl soof agrpeen

therefore assumed that most urban bees fly out

46.22 )1 OACOQ@EAT -OHOEEOABEOOET ¢ COAAI

Gr een cradnef sde s i gsneesdll fafsi ci ent habhewntcadorcomplse
veget at igonp onsessithinl i ti esFoorn ignrtoeugnrdatli emgelt.he gr
existing green it i s especially i mportant t o

vegetattbe E&Bndd of bees which ar ecuartrternatc tfeao c

provisitmmmt mipglovi de pollen and nectar supply t
Al so, the current vegetation may supply polle
of bees. With more variation in vegefigheon, 1
d versity of bee species during a | onger perio
Concerning nesting possibilities shosbubdthbl ans
nesting spaces for bees. This could be sandy 1
cracks i n buil di ngs, b ekkoshtoetre | sA. ,wo@anresnu | It ans

Manageme2ndtl 3)
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5 $A0OECI &I O AEI AEOAOOEOUh AAC

Thi s chapter describes how 't he par ameters e X
i mpl ement ed odn atnhe nsdd avlied u al roof and haw the
city. The chapthew fdiesstggnafmo®werbsi odi versity i s
stakehol derss.stTateend how t he design for bi odi ve
bees,rriisedcaut in this research.

51 $AO0ECT &1 O AEI AEOAOOEOU

For natur e conservation i n Europe the concep
i mportance both i n pOzihga and Sclsamimée, d008enl | psr, a cdtiirseecst o
Bi odi ver si ban d yYebaensg gcnal | f or Thereit gwel offudban bi o d
6greeningé must go beyond the mere introduction
exceed the eemimetic balancing of the abiotic (ndiwing) with biotic (living) castituents of built

form and urban development, instead striving to produce buildings and urban areas as living habitats

that are designed as functional ecosystegms. 130 ( Wel | s Te réasanrog this 201 0)
advanced way of designing is becausgarmmmplex ecosystems with a high biodiversity tend to be

more resilient to disturbances. Also, balanced ecosgstard les expensive maintenance than
monoculturegWells ard Yeang, 2010).

De Jdngtinguwiughhd d/ t wo di f fereqdiesfappr bdaoldé ¥y er
conditionadpd)y arbdtdpbardaptwinoyn adlelsyi gn. The condi ti
based on abiotic starting points on which ve
some of them Bahe debeghieast hfeprper oi s no c¢cl ear vi s
speci esrrswooudldd abl i s h Tihne tohpiesr aa ri eoan.a | approach
target species and creating $sdhecadl dh aablistoat et tfroa
speci es -doTwni saptip@gpo@afcthen used by ROPBECcymakers (c
Depeinndg on the scople otfartghee spertoajreetct many di f f e

Biodiversiagyl d abged SMARTS® whi ch means: Speci fi
Ti mgcal ed (de Jonhbey 260686) band hosen on di f fe
conservation of speci es i n EuropéeantBeolEugiopa

European O6Networtlkar get species for conservatior
di fferent <critdreiga.l Tphreo tfeicrtssitonanel hies Eur opean
measures for conservation of t hese speci es a
partner s. The second criteria i s speci es I i s
threatened Fartartimopcei Goropean endemic speci e
found i ncaEwuwrmeoepEaodlct ®@adget species should me:q«

critBadiades these criteri a, the species shoul d
6 3



in aoaseystem and to which extent the species i
ade c 0 sy ¢$Qziegaand Schaminée, 2005).

Protection of bees fits the requi reeemsendan olfe
considered @&@peai klssy gawed eYe alrhgb,e eZ2061s0e)n.t i al for
pollination and therefore essential for gl obal
for floral diev greqietty camnwd rA asbigpovm afppploachs as d
above iocsnt usedevel opment of t be dnds 8 &6.t5uTdmes s |
intention of the caseideéaldyhabi ttaot dfevrel bees.

spce es adqUodowa ta@proach is used to provide i mple
52 , AOAT O T £ OAAIT A AAOCECT A& O AET AEOGAOOE
Grepat wamresry i mportant for bDi d dieweerndi tlye vaed rss e
net wor ks can bTeh Bdirsstti thgeuviBsthodids.gi c al He.adT hSet r uc
EHS sgraereenbwk within theuNeiokseerli acde®askt aatur al
to connect exi sthiengnanat wk BhSo Bpsrecavsi de habit at f
fauRPRhands aanmal s can distri byutceo nmedrenialtaurrgael di
areas. Lar gearnratbuernaelf i ari chdasvab ehe dyu 0o i tvlee wiirt y anoc
ecosystems are more tadainliseatl | f Olme dEHS 6 ab anede ¢
by

-existing natur al adewnel pp baangdhe 8 e acsodn mneaettt ui roanls

-agricul swirtaH maossi bi l i ties for agricultural n :

-l arge water bodies

The t hree c da rhpeo nEEand Iso giinc a | He adc o8B ter uacrteuvarse, anrae
devel oping areas and connecting areas. Green
| east 250 &arca esat urhelsear eas, estates, forests
agricultur al |l andscapee. fNet dse wileéewnwelhomgihn god re
international or nati onal valuabl e nat utr al ar
the green cor@tareaseaprf{cpbegeRuimsFei.gndi3e 2013
s howsEctohleogi c al Head Structure in the Netherl a
The second l evel of scal e for green structu
Municipalities assign different namésstualtlhyi s
called 6Greenr8enudHtetandd Buopkce Br elb, 201 3; maps
201B) garsehows the Green Head Structure in Amst e

Level t hree h®eBosl 6Sgvaua@iviutrrei n cEtbéeegi dal Stru

green outside the city (maps. akhsgdbsdhaonwsn |t he2O

1
v
cornts the el ements fromndtdihcetn@reedrs Hedaed cIttryu c
e
Eco

|l ogi cal structure of Amsterdam as an exampl
6 4



The Il asdl considered is formed by -adkRer whi eds
are not part of the above mentioned categories
Bron: Ministerie van EL&I - GIS Competence Center F‘I g Ll‘lr éLEV e V| | ‘Gr /e e n"" iH ®
Flgu]rad__evel l:. EHln'SS(.)tuAmster,daSmurce maps. &2Mslt3e
Economic Af fairs, Agric
2011
il Sportpark N
S @ QUSTAV MAHLERLAAN® | Buitenveldery
= | Academisch o
@ [ Tipkanhuis ¥V,
3 DE BOFI FLAAN @ °
E : E . .‘. ';... ° ‘. DE BOELFI AAN é
T =
8% 5Aln¢umroooymannn-ro v 0@ ., .3
=] 3el[el @ GELDERCAND Sele . 2
g o U 3l s—ee PLEIN g = ]
& » o ok = o | X
;eusaascu‘r’ SR Lo i e = ||
I ] VAN AEMSTELPARK | e
° o es_ 8 g e & og ® e u.x.'ﬂ" l
PR or— @ A~Igpr oy | 0@
® e :. .. : [ wu‘nosnulzzu:rwf o
:E nu’nar;uv ] I : M :
FALFIESLAAN howt
FigutLBLevel : F-igulr6¢_eveIStIrVucture of o, t
Sour ce maps.,amsG@%3 dam. iSource: own2 0fli3gur e
Since wild bees only fly out at di stances bet
| evel , ilsevamp olgwraenetn net wor k stidd@ctihree vie@ret e & s
| evoefl scale provides a continuous food supply
di ffuse ovér tthlee eciitsy.a | ac ka dfaapecslbolfenng apnods sn eda
on this | ebweelsa nonfo ts csaplree,ad over the city.
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Design bfiomdi versity on an architectur al | evel

three different scales can be distinguished;

buil ding i1itself (a combination of ghue ¢ @i ngof
compo,neatgreen rbBiodgdridd ifgazilset ew t hese differen
scal e.

'guléUrban/city Sea Fi gulr8House SouFigur9Bui | di ng G
tterdam. nl , 2013 i conarchi ved.1c3 Souriceonar c hi Ve0.

I n t his research case studi es ar e carried out

buil di ngnitc oFmopro ntehe ¢ as/ecisttymldey 0 wh dsaen becaus
i mportant for the ability for bees to diffuse
of bailding tempmpdroesretn because on this scale |
prpoer ti es arteo icmpeoartteanltee habitat. The scale
facades) wi | | be gui te Iuimidiamg toosnphet bt &If ®
investigatwngltprebabbahhenot | ead to major new

66



Habi t at tegali of Paalaenet er s

Building element Physical properties

Climate properties

Vegetation

Management

Soil substrate

Additional objects

Air pollution

) Qutside scope
Bee habitat

creation

Physical properties

Climate properties

Vegetation

Management

Soil substrate

Additional objects

Air pollution

Proximity of roofs/facades

Integration with existing

green

Nesting spaces on ground

level

Fi g®rlBee habitat creati on
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Th
Re
e X
Wi
h u
su
o f
M a
nu
Gr
bu
a

s h
Cr
pr
I n

e first green roof in the Net herl ands was
sident s, arbbitdchg aodredthreauct ioghtf oconl | abor a
ecution of the project. By then the term st
dely known, ats tome cfreatit ogmédkeobaoagi ds d@gana
maaand envt alolnynehri endl y. Professors at t he
ccetslgerefen (Foafhej.e ,Ne2vOelr2t)h el e s s, nowadays the
sucgresasfi upr oj ect s; buil di ngsadweist h( Fgrraeaennj er,o o
nyiwate housesorhagvrea sa sceodvuem , the grass | awn
merous tourists each yeaswiatnld a ogmpeaenn elsa yerv.e
een roofs-aded f§reepef eddrlayd lien oom @brbaognticee pt s
bantdo beundmgey tTrhael . mai n thoughtr dehénids Crhdt ew
sour ce of f ood, S0 ueéad nneawmt eprricad usc tf.orAM |t hwea
ould be reused or should be eoneiedo n(iCe mtdd le |
adl e. nAn, e2nlelr3g)y. neut rpaéambluy | daqmuah atss emer o 0 |
oduces energy (Ministry of Housi ng, Spati al
ti mes of t he ffi rtshtef iartpopodfd e diotphcfphd b @mwst r uct

ecol ofdocuawibi ol ogi $¢chwhououwebodoeasbnag anheal thy in

I'n

- 0O un < u u
-] - < > O ¢C

o O o
—

t he 1980i es much was known about how to

stainable design conceptsahdcusiog redewaby
ur ces. Al t hough concepts aim to be mecol og
healthy indoor climate which. cdbheesithe basi
ndrroenfee pe op bei ndfgu fofme rh eal t hc apursoeb | ;cefmsam eunheal t
i mat e. Pijnenborgh, the ar,chirtesstesoft htehe mfpion
tegr al proj eicpldesselygonyl dwhhdadofi@ecusi ng on I
ergy consumption. Ai gtegnal op,f obceacoat ubsdee piatg hh ao:
heedvantbhagemileedssuci ngT heenseer gydvant ages range fro

i maot er educing the wurban heat i s,| asnede eaflfseoc ts eac

1

e of the first carried out green roof pr o]
urrently I NG$ o uitnh eAamB 9 &(f3d9%7adn d t he buiilndi ng

oni ngen, both designed by A a w ephiiyot neecet rsic nAyl bperrat
signed by Bet henvaGr ctendess lmoAr alpiptl @ ®tds on t he S
11999925 . Since this project “caaxwemt eadn db &scuhrgfpahcod
busy tr amasmpyrpedmulbe were exposed ftsBEAR e col
chitect&Thdee sl igtntdde Klae it Mé nA aBrodxetde.l T ims slaOmM 5

6 8



example ofwharpr ojhectgr e ndhef imasegpaldt RKioncempob
al sain water watsoiuseetds .t oAnfmlfaursedre nl o coaotfi omnhi ch g
exposure but wvia a different route wasarkhengr
Amster dam, made by MVRDV architects. Thi s roc
(Bouwtrends, 2011)

Currently even motre g@reeabtraodhi O Plweliecdes t r oo f
garden | andscape oftreheedet il @ldas nid $aacareess ¢ o mp |
covers the train tracks connecti B@artemewasscthy wi
i n 22000087 grrececrbnt ai ni apphi ed robrf tohfeait i &tyr a chkesn.

educationalalidmesgan ut oorbsui | d green roof s, for
Physical Education in Amsterdam in 2006 and t
in Doetiimcah@n0. I n Hoogvliet a project design

roof s ghoaovde saoundproofing 201&}ft (Bouwtrends
This trend goes al awmg twviipbabecso me moeae@adamn dth amome a
beneficial ef fod st sanaf tdreeerd ore sti mul ate t he
providing (é&mbsendidam2013; gemeentegroningen. nl
201L3I3pnb8ehows an overview of adidf d ehrEeeermrte ninu rsiucisp
tdvy pr @eipeéei arulnyi ctipal Ratyi erdamrently very muct
applgregn roodfs thtee awasteer retaining capacity o
from a water storage problem anddet htt ¢ @lIrioma te
c hanTghee. r esfe atritédh mubreigei inpiastithrtiagk i ng quote dr om Le
it not against all logic when the upper surface of a whien remains unused and reserved
exclusively for a dialogubetween the ®s and the staés Le Corbusier(Le Corbusier, quoted by
Municipality Rotterdam, 2007).

Municipality Subsi dies
Al phen aan den Rijn 20 t/m
Amster dam, dWe g tr i cWe Ma x . 50 G/ m
Cappele aan den 1Jss 25 6/ m
Den Haag 25 t/ m
Eindhoven 25 H/ m
Groningen Max. 3JF0 G/ m
Har der wi j k 25 t/ m
Leeuwar den Max. 30 G/ m
Ni euwegein 25 f/ m
Ni j megen 25 %/ m
Rotterdam 25/ fa
Utrecht 30 t/ m

-

Tab8@verview subsidies f

o

green roof d,i f2f0elr3e n't muni cipa

The cost s for an extensive ¢ eedumwodp .aroem, or
groendak.info, 202C8) Fgome h b da lachaony eledt ,acdkdmectl ude d
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about half of?’ctame ber icoev epe@i hoye squrbesdrmiersof s ¢
Il i feti me ombrtatrdeer aomafi nme nanc @ sc o slitrostwleoefre d .h eA | rsooo |

green roofmd eamnsr gyo ssaovi ngs within the buil di
invest ments f dretavekethewearsof Gieendak.inf o, 201
Fr om atbhlbesect i oni taabnoviee coomad udedeée buil d aof gr e
upcoming trend i.n Tthhee bMNenteHa@rtlsanalfs gr een roof
recogni zed: edofer arai mpwbseund eiteaitli @tni, on an
within an integral sustainabl e concept as O0Th
municipalitineesmmleeas st heri green roofs even mor

The following chapteasr paseth somu cdoimd sharamh i wmidli lv i
andoofs spread out over the city to see how g
oufThe firtsudyc aashed ksy gjemfdn té xissfiongbeesft the sec
study explores how a green stmwhehurfesskkoulndg b

popul ations is one of the important aims of th
54 )1 AEOEA QAR A-OR A IEA

Fom t he chapters before icomlcd mep somadsinecteenr sbe dr a
i mportant foromeasgn®d®bdgduaimesther s are summari z

foll owing tabl e:
Par ame{Su-b Required
par amet
Physici{Hei ght T 120m
properiroof
roof
Size of ¢ HB: >106000m
roo 1 B*:25%Mm
 WB* 2°0m
Sl ope o T Fl at, somewh
roof
Orienta T Sout h
the roo
Veget atTypes T Local i ndige
(see apPpendi
T Podnd supply
throughout t
season (s ®e
Distrib 1 Few’bmare, sar
nsity area
Managel|Pestici T Preferabl e n
Pestici
A, B, C
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cracks in ro
Pol lutiAir pol T Li tNQmeol | ut i
NQ/ M T Little dust/
matter
Tab9@verview -odalmé cpar ameter s
*HB : Honey Bees, WB : Wil d Bees, BB: Bumbl ebees

55 ' OAAT O1 1 £0 EIOMAEIGEAON - AAOI

From the chapters beforeugomcldesi gms paa@ametec
i mportant for bees t doffl cawmrailsybs i inmg Dintec hc i ¢ ic tuime
scale t-pha&r avnegtrdr e al so i mportant, but t hen t he

The paramesemlms$s eomraeli bpgadriatmeotner s epna rtaonpe toefr st.h e

Paramet|Supar amegRequired
Mi cro Mi cro Mi cro par amet
paramet|par amet e
Pr oxi mi HB + BB 3@ m
roof s WB*: O 0-3bMet Ae g
100 meters fo
Il ntegr a T Roofs (f ac
with ex sufficient
green food/ nest.i
possi bilit
T Vegetati on
compl emteamt
pr esveergtet at
Nesting T Sandy, soi &
on grou buil di ngs,
| evel wood, |l ogs
reed, beeh

Tabl@®@verview -stalmacpar ameters

*HB: Honey Bees, WB: W |l d Bees, BB: Bumbl ebees

56 )1 AEOEAOCAAODT O@EDAU OiI 1T £ CAOAAT 6B 51 EOAOOCEOL
For the case stuthyi bdi ndhea copodee mif gchgewf r oo f
Amst ericam hodédns roof i s analyzed tasusieteabilfe t
habitat Tfheim Dedest é f mMiamgdovements c akne btebemmade t
more attractive [ ucthladcik. haowadmdtebes usiedestteade | i
on a case study in AmsherddmUniowemnsroypfogaAmen
The VU University Campus i s loctatb&€di der annset en
bet weenandiealf idi st4ax¢ts d®tnhhd hnedS smlwitrvtiinga ame asout t

On&i Imet awesterly theredAmstacrgréenemMinaide ndamse B ¢
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whiclhnt ai ns-kndhwn wedWwWionfhet woold Dé aBepg@Baande
eastern side of the campus thexée it 98 téhheirempaeed:
l'iving ardaggheddealread star onVUdhreeaenapr o @fpr es e

_:"-i_g; J“V B e

s
s

egZuid

Al -E19
g

Fi g®tTehe VU wuniversityoiumca2ui Go,o0gan@®&l Inlap s

The wuniversi thyascalmptutsl e tlredefmas paca MEpWSs t I ERESI
andbamsel yAghiegnshare of the square is usmed as
the south of t-ha! lcadnpased t het stood i s placed o

reen space to be found. Si ncep uMayi s2 0iln3c rtehaes egdr

c

iolft a green roof on the | owestf goamret odf tthlee fn
reensimodfhe ar ea. Howev &tc amp u sh eg sva resei oimro tadf g r tal
omponenftutode @ehleo ponTehnet sf.ut ure €ampys urrdaa eawvir

g
b
g
c
with green roof s, squar ebs ,crykainndge rdgggs tosindnad aobppen
(VWniversity, AZn®I&Bandaprarency i s a key word in
other people is stimulated. Sustainability is
campus; in flexibleowtuiteé ngeosncempmt cafrr piTngas
gualitawanoémuabd archittedmircal andnf hast(ructure
0Tri as Ener gesttiecpa 6a pipsr oaa cthh rteoe become more sust
use. These st empg emeer gnyi nusnmea,l izsi ng renewabl e

f ossil energy sourcéddraasefEhiecigeni cascpmssi2bllag
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Fi g®r5eU Green roof

Sustai natbeirbmist y bi odi ver si t yatdtoerst inoon igrett lsep epli &
devel opmentasn. eCrve atoanbnigeen tf ostruhidite 88 nNet Whohersi der €
the concept f owa st hdee viptl o sdr o loagihng obee hives
roof , bunott he se aviatseldle bfedgaen ¢ ¢ n@f stt Tulmou lgoéyr ¢b ei ess .
a small t est garden aaht b eabnbde etshoe i e XTghicachti giraet e G ® «
the bot odmgrRisghdaws t his test garden.

The managemast ittedlagiao b et o ng etr elsdvetdenforwga r d e n

performs in tebemes odhbwlh astu ictaanb lbee done The | mpr c

f ol lgows edcax plndriehhe anal ysied iosn dtome diafsf er ent ;
stated #4n6sdction

56.1 OEUOEAAI DOl PAOOEAO Oi 1T £

The roof garded Tilscmowdh ttlhhe DUr ftdhee o m? Kahrer egsar d e
en Brandfthe28daRrface of the garden is flat. The
it f 61 dul t t o-s pfrfoivd identsefldod supply for hone
bumbl ebees or wild bees there-siugfmecienposé$woioli
Howeuvweire, current vegetation not provi dermaglel en

season, in March and April
The orientation of the roof i s beneficial, t h
east si de, but not atndthebldomak eéahdy s mde t b t he =

see al sb. 6e2ti on
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56.2 #1 EI MOEAAOOEAO

I n t hel Mdentdlse wi nd of toaudwhcsotmedsi rfercotmi oan .S Thi s gr e
on a r ouotf owihtehro hi gh oldwitelsdi npgasr traco fft hvelh iSc h c an &
wi nd, Fisgeler6&i nc e t he ro‘(?ffloiosr,orsttrkbang4widnds ca
especially on the North part of the roof. The
i s the part of the roof where thEei @d@@gdebBbtomini

own expéeciaende stated that the roof is often
precise information measurements should be dor
focus more on theoNar tbhe cppaurste cdhferteha s | ess wi n

Assumption fal/l wi n

H|gh fa-ade on t he ASSUmption mo st Wi n

Fi gem# ngdt udy, Sour ce: Karres en Brand Architect s, 2012
Since there areblmackhingh thei Ipdievgps | i ndYVeswt nd ¢
direction, also rain is not bl ocked. Addi ti on
and rain on their nesting spaces could i mprove

be for wrdxdanmpelees Hiogh veggtad{(Beel eks@a@d®B013) ,
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Figasgsehows a suoafighée sooafly It shows

shadow during the morning. From around

t hat t he 1

11.00h

shadBevefsl y out between 11.r00chf ainsd hthfleoiv@udn. a Md i tsh

thus favour Bhibe egf@aph bersthe bottom

most sunlight (white) and parts

of t he

maart juni september december

9.00

12.00

17.00

Fi g®r8umglhit study Source: Karres2 en Br a
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Most of these plants are attractive for bees
g K
— -«
o : ™ Legenda
DE BOFLELAAN
N
B v vy
-
> I
< ~ « Bay tree
u o <
- =)
— ° W
) . r w
}_3 -
“ 3
-3 > &
2 3 & ~ o
x : .o ‘ . . — Linden
o w
£ Vrije Universiteif’ g Skt G
m w Hawthorn
. . v -
i ’ 5 Visllow
o. €
< &
<! lo
tus >
inicus . Indian bee tree
o
Shy e ¥ ¥ e C R e . Maple
ARENT JANSLOOM ERNETBIRAAT Yew-tree
Lavender
=
WELDAM a
Fi gBrleee at tr atcs iivre tphenenvi rfonment of the VU
*N. B. The figures do not represenitfithat i exmcaf ntumdenrealf
Case VU Jan Feb |Mar AprilMay June July Aug Sept Oct |Nov Dec
Fly seeson bees HB + BB+ WB
Bumblebees
Honey bees
Current vegetation (Native |Tvpes of bees attracted
Bay tree (Prunus Laurocerasus) No Bumblebees. honey bees. wild bees (sand bees
(Andrena))
Birch (Berula) Tes Honey bees
Black poplar (Populus nigra) Yes honey bees
Butterfly bush No Butterflies. bumblebees. honey bees ‘
Comel (Cormus) Yes Honey bees
Hawthorn (Crataegus) No honey bees
Indian bee tree (Cataipa bignonioides) No Bumblebees, honey bees
Linden (Tilia) Yes Bumblebees. honey bees, wild bees. butterflies
Lavender (Lavendula angustifolia) No Butterflies. bumblebees. honey bees. wild
solitary bees, (Leaf cutter and dauber bees (
Megachile willughbiella, M. centucularis. M.
versicolor. mason bees(Osmia).)
Ivy (Hedera helix) Yes Wild bees (only Ivy bee (Colletes hederae)
).honey bees. bumblebees and butterflies
Maple (Acer pseudoplatamnus) Tes Solitary wild bees(sand bees (dndrena) . amongst
others 4. barbilabris . yellow-ledged mining bee
(4. flavipes) . A. fulva (4. fulva) . Early mining
bee (4. haemorrhoa) . A. tibialis . mining bees
(Osmia rufa) , bumblebees
Yew-tree (Taxus baccata) Yes Honey bees
Oak (Summer) (Quercus robur) Yes Honey bees |
Willow (crack-) (Salix fragilis) Yes Bumblebees, honey bees
Willow (weeping-) (Salix x seprucalis) Tes Bumblebees, honey bees ‘
Tabl®| owering period beeocoamenactvUlUve plants envir
Advised complementary plants
Cross-leaved Heath (Erica tetralix) Yes Bumblebees, honey bees, wild bees
Linden tree (Talia) Yes Bumblebees, honey bees, wild bees | ‘
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Tabl?®2dvi sed compl ementary plants environment VU

As bwa@meefnrom the previous figures t hesuvfefgiectiaetnito
for honey bees, because there areepbaassnil b
Mar ch however the only-tflewéereidgge . plAdantt hies ean d

season |Ivy is the main souFRocre bfuomb | peobleleesn tahned o
| acking poll en and nectar suppl ments iMaa-rmdt &
sufficient. However, mo s t-Awg batn (beres 0l yo aug p

is also the flowering season of many pl ant S p
i mportant t yernd ips aat gailf-Awegvesti.ngMumh Maegget at i o
this period. This coul d Deal ffboaweerxi anngpu leym ad oldien

Crolssaved(EHé &atah) eftlrawernxi ng from June to Septem

56.3.1 6 ACAOAKGBEICIOAAT OI 1T £

I n tolremeft section is concluded that the envir
poll en and nectar during the whole forage seas
during the period in which most wild bsees fl

carried out for the plants on the green roof i
For the design of the green roof a few start

especially bigger pl ant s, are selected on bas
wei ght arTeh ecsheo saerne f or exampl e birches, whi ch
speci fic gravity. Mor eover, the management t ea
shrubs from the botanical garden on the roof (

chosegn the appointed Fandsbhapeaeompdtlrittee dti ss.t of
roof , sed® abprpem da Ixl the vegetation on the roof

veget atTiaobdl, 3 s ee
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Case VU green roof Jan Feb |[Mar AprilMay June July Aug Sept Oct Nov Dec

Fly seeson bees HE + BB~ WB
Bumblebees
Honey bees
Current vegetation (Native |Types of bees attracted
Whirling butterflies (Gaura lindheimeri) No Honey bees, bumblebees, wild bees (Leaf cutter

and dauber bee (Aegachile versicolor)

Oxe-eye daisy (Leucanthemum vulgare) Yes Butterflies. solitary bees (Colletes daviesanus ),

(Heriades truncorum) , sand bees (Andrena
[flavipes) . sweat bees, mining bees (Halicius
rubicundus; Lasioglossum calceclatum . H.
rumilorum, L.eucozonium, Lmalchurum, L.
morio, Lparvulum, L. pauxillum, Lvollosulum,
L. zomulum) and honey bees

White Stonecrop (Sedum album) Yes Wild bees (yellow-masked bees (Hylaeus

brevicornis, H communis, H. gibbus, H
hyalinatus ) sweat bees, mining bees
(Lasioglossum morio, L. sexstrigatum ) sand bees
(Andrena) . bumblebees. honey bees. butterflies

Breckland thyme/wild thyme/creeping thyme |Yes Butterflies, solitary wild bees, bumblebees,
(Thymus serpyllum) honey bees
Oregano. wild marjoram (Origanum vulgare) |Yes Butterflies, solitary wild bees (mason bee

(Osmia) . sand bees (dndrena) . sharp tailed bee
(Coelioxys) , wasp bee (Nomada) . blood bee
(Specodes) , bumblebees, honey bees

Tabl&urrent beevettvegetati on VU green roof

Advised complementary plants

‘Winter heath "Winterbeauty' (Erica carnea) [No Honey bees, bumblebees, butterflies ‘ ‘ ‘ ‘ ‘ ‘

Tabl#dvised complementary vegetation VU green roof

Ou tf

Al s
Bee
fro
in
pl a
The
Car
but

ar e

5.6.4
We e
n o
for
add

ver

oo he curreaotl yvégetudat ioofn,t hhe el b eml adAnatinntssmwd d¢ iv
o, the flowerphgnoperdodsesobvffoopdagemresbhe oéntier
s fly out from March to October, nutnetcherc:!
m May tToh eQcetfoobreer .addi ti onaledpltaon tasl scoo usludp ph e
March and Aprinat iBveestpliasnttso cbhuoto stehe | i st (
nt on green roofs does not provide &.natiyv
re i sofontltye omleant s which fl owers t (Ean;cat he
measo this woul d be the Dbesthio9 teiodsntd eAs nd It re
further research is needed to dedcefrani aared wh

attractive for bees.

- AT ACAT AT O

d is frequently removed by weediTrhge,r es harrweb s
pesticides and or herbicides being used (Ko
bees to | ectanweddo werrow,nds oi ti tcan provi de ex|
ition to the other vegetation. The fact t ha

y positive.
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Extensivei subsedatfer t he part seflumheéeAtendi co
substrate | ayer in combinati dnaywirt h sa nu siendt e nosri
of t he roof wher e hi gh&onivregenTahteR 0idrBtiesn sp iva n
extensive substrates ar e al soadpplhdisfdf er B ntdi
mi croclimate3harbrameéatead. therefore the exact
| ayaerd t he constirsucntoitone xsaydsttleymi ksn onvene.deT f or m
anal ysi s.

The roof does not cont aawne lanyubssatnrdayt es olidy eran
guestionabl e whether ground Bysitntnrgo dweecisngviddm
ar etahse ebabees wil|l nest on the thoef roméreaséc
used for carryitng 9ad¢ efxplkeesmeatses wil dyogdg t o
the roof

56.6 'AAEOCET T Al TAEAAO 11 OEA O11 £
I n the green roof design is no attention paid
design with Ilittle nestisgi pbesinkeisttiiniges pfaace

joints in woheotdeeae nd etciegn3dglaet Bieeeg@®2e The situati on
easimyroved byptaci egraeieleoanthes rpplggdgi a bee

hotel. Al so a smal/l pond could i mprove the roo

gBriout hern part of thiFigwr2dorthern part of t h
il ding connected to itipotabtwidl ding next to it.
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ral 1 4 - Y o .7‘ ! »
FiguBédBee nesting i n b
pawesome .2r0et3

56.7 | E®I 11 OOEIT 1

Theniwersitgdi snl beaaween sever &Alt itmpepsiNbanthher a
university is about 300 meters dissitdentt fer oma it
traffic junction for the district Zui deramst e
Thi sd riocsa often very busy since it i s the main
f or the rest of the Zui de-samthset et heAlbBoitkeaveb:
an important connection between dedadfua uwtelr aonms t e
the other side of the A10. Then the O6Boel el aa
6Buitenvel derstel aanbo, whi ch i s also a very b
traffic surrounding the c¢campuws bteh ee xgopmocu retd afo
than more Southwards in the area, where there
the roof garden i ssildoec adfe dt loen I thiel dsignuga,r es 0o t h
ea-st de coul d prevent stoamet eof tohedepasit c wlnatte
measurements however are needed t Ontdheet esrcnailnee ot
one roof, it i s not really possible to improv
can i mprove aifrurqtuhaelri teyl.a brdaria@dt. 8ds i n secti on
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Tabl®shows a summary of t he analWhsens ad owmael uoen hte

green box, the situation regarding to that p a
value fits within the required ideal val ue. I
me et the ideal required val ue. rAennoériamigal ,b oxo
are onrott,here is more research required to give
Par amet gSulparameter[]Required Val ue Remar ks
PhysicallHeight of t f 120m 4%l oor
properti
Seize of th ¢ HB: >120001823, 869 mRoof can
1 B:25%m sufficien
¢ wB: fom bees +
bumbl ebee¢
honey bee
surface |
Sl ope of th T Fl at, somgFIl at
sl oping
Orientation f South Sout h
(surroun
hi gher b
at north
si de)
Climat.i Wi nd speed 1 Sheltered|No high Habitat ¢
properti little winbuildingfor bees
especiall yblkicng t|the North
opening offwindmostithe roof
should be|nuisancelhere is |
f Wind speegSouth pajnuisance
t ha-bkmm/h the roof
T Little turn
1T Protecti orf
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bees,
f Varying dr
regi mesenqd
cr e atheudmiidr
nutrient
and aci dit
Climati gWind speed 19 Sheltered|No high Habitat ¢
propert.i little winbuildingfor bees
especiall yblockinglthe North
opening offwindmostithe roof
should be|nuisancelhere is |
f Wind speegSouth palnuisance
t ha-6km/ h the roof
T Little tur
T Protectio
high buil g
from the
t he swvewtth
Humi di ty/ Ra T Dry placegNo high
1 HB: Humidibuilding
bee hive Iblocking
90% wi nd, s o
not bl oc
rain
Sun 1T Sun when fBet ween
out mostl ya. m and
bet ween 11p. m.
and 16.00
Temperatur e f HB+BBOB5 AlLow wdmidfExact
opt i mu2ns 1A9 measur e mg
f HB+BBE&5 A needed
opt i mu2nbA @ §
1 wWB: -u&% AcC
GeographEnvironment T Natur al anLittle g
|l ocationgener al
Buil dings 9 Buildings |[6Cl eanto
nesting pdqbuil ding
Addi ti onBeehi ve, b I f O d dead wWNot ther
objects |whloes, sand grass poll
roof pond, et c holl ow r edé
bl ackberry
thistles ¢
|l i fers, b €
sandy sl oy
cracks in
Pol luti dAiTr pol |l uti T LitNGQeol luln betwel Exact
Dust/ PM T Little busy tra measur eme
dust/ pmetiroads needed
Tabl®core parameters VU green roof
The next table provides an overview of al | t h

points and which tesnesMoareeovwe aki mpoiow e ment s ar

col ummme parameters which are valued as 06in bet

areoalli sted among t Ibecwmaask pgdiemrtes .mpThaivse oendem
Strong poinExpl anati on
Physical prop|Aldparameters offer

an ideal bee habita
Weak points | mprovement s
Climatic prop|/Quite open space,- s/|Create prsat ecptaecde si
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chill vegetatieegl ob DHBs

Vegetati on Only a few bee attr{lntroducing veget &
|l owest soil cover also in the early

ratio of bee attqr g

bee attracting pl &

Management No use of pests ci def]Weed should not b ¢

frequently removed is flowering

Soil/ substrat|{More research neede Doing res¢thechkxatt
systExnperi ments <co
see if bees want i
substrate at al |

Geographic | ojLittl e green and nestCreating nesting ¢

Addi ti onal ob|Little additional oPl ace beehotel, S

roof wo od, ect .

Pol l ution Roof in bebhweyenttafrDi fficult to i mpr(
by pliamg pl ant spe
speci fgioomadl liyn cl ea

Tabl&ummary VU green roof strong and weak points

Overiaddn be concluded that there is a | ot o f

anal yzed paer amoestte rismp oTrht an't properti ecshanagned t h
the physical properties of the Iroof deeelbemier
roof fiamvwor able environment for bees is high. \Y
i et venti ons.

Al so whenmrayehi & i s (ceongs.i dtereedscal e of tthtee who
potentlab signihfei camtp.usl e vgerl eoepnmaeme o ipsl mends ,as o
of t he Kkeoy twoea deshecSkl i st pr oavni dkeed u sne dt Rti s o rees
arbctive roofs from the Thetcaltr asntat ee dt athieo
l evel i s supplying nectar and pollen throughot
is not so big, veublMdwehempgteenesn tvegé tsat i on.
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t his paragraph i s anabhges) baw Dbeearsedodf

ecol ogi cal net worck t fyod ebeés Odhe scopeaofcithi s

d

strict i n Amster dam; the Zui deramstel. Si nce

Structure and the Ecol ogical Structure of Ams

described5i;2 tsheectdircoviedt i ng t he Ecol ogi cal Stru

vegetation.

The Zwmisdéebta one owWwarn her gaostof Ams-war dameaJhean
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cognized by the green environmenpbkegebkightd

acearaendal so <call ed 6 guairndsetne deintdi) e s 8 n{wlxuot ntcpha:r i
i ghbor hoowasr amei gphobsotr hoods mu ¢ h |l esdhecenden
read t hraoruegaiTchiet ctome ept of the gardentdity i

green corridor connected t o( Dihset rgrceencoame

mst esSdbamh,. 2012)

h
n
g
S
0
a
0
0
b

I
u
h

e gar den cities have a strong hierarchica
frastructure and vegetatitgn.grEBlke dmoaeks ar ea
reen | anes and park | anes), di strict green (
designed as use and (defitchgcopace FFoouft hdimb t E
12)

st year thé of stAmSoet datmevaiame of thebeeed tc
pulsagandnproposetdo mehe ureexs ctuot i ¥ i nbuol aart de heal
pul ati ons inntchetar eneas Foes creebaetriengs uaggels e &
i j eind idnitYtcroiuatc ialt tsema blmdn atvem di ver sitgcbindgee
ants in puibdithgrgeeaemngol i cy should attent
fficienotf dbievee rastittryacplianng ipd amursr.e nfthliys however

a$he case study carrhededoauled ab phe pama&tsie@am c1

oprol i cymakdingt oif c(t Greccaamlcii 1k s, 2013)

n
h
0
h
e
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the case study mainly public green is anal
eea awhich forms a green sRrriucatue eg rteha m uagihsa \he
noifstval uabl e bee attractive plant s, but t hi s
er etfhocrges e st udy eman ntlryeefsocaursd | essesonrsesatreaeba
twork through the cillgvel s kef expédlae neesi gqn sfe

ban b5a.r2etasshoul d be stressed though that ma n

tngcpil ant s. Here a first step in analyzing
ugh indication. The analysis of the trees s
t, since the main aihme wharse & gtertruecatnu roev eirrv i teha

87



Ne

AMSTEL
PARK

....... AAN

2 - E :

Mo s t of the buildings i n theer &40 esh e.alm®iidgdgheasrtt me r
share of t hesfe artobrfogodfen®B8iee@7e The roofs are th
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Fi gw®Br8ley pi ¢

al building r¢Fjigw®@eypical building Fo

572 #1 Ei POEAMAOOEAD

5721 7ET A

As already stated in bbhel Gibmmanetleec higimc @ar le e en:

wer e df owwnn hei gh2t0s mep eromellisZney i kel y t o fwbeage or

there wild.l be green roofstiwveskes fand bubely. t
sheltered from wi.nd htitsamwidtl heére mrmmaaofnl y due to
di strict and in the district i tssheellft.e rAend epslta cnes
occur i sFisthw®wmhiisn fi gure is drawn dadiede otni @ rhe
t he Net herdwasdst haed dfua dt t hat trees in the par
Theoofns t he Wibuk heemore suitablte mhlehsetsbee erso otfos
are also more for placing beehives.

89



TPars - §tyriga = 3 = e PLEIN 3 =
¥ Anatsl- Buitenvaldaert - PLEIN . 5
L~
o IR s W e e — 4
e R e e e——— mp—— S ~ ’ {
IGWES B s Smtion N Station
— Zuid ™ Bl Zuid
Sportpark .
2 QUSTAV MAHLERLAAN Buitenveldert
z Andémls,:h q . Begraafplaat:
@ L1 Tigkehhuls YU, SN Zorgvlied
w DE BOFI FLAAN -'1,1\
> L i DE BOELFTAAN L
= 2 g LR
n P 2 (Y
= b z N AMST
< ot < 9.5
= - 2 o~
3 ® AKENT JANE7OON EANSTSTRAAT = z
g ; GELDERLAND Z j
1 - PLEIN = =
» - <
& 2 g 5 5 AMSTEL
a gl 1 1 < 4 =
z GIJSBRECHT 5 & s PARK
> ~ =
VAN AEMSTELPARK & % AL
— = O
¥AN VIJFNRODEWED : YAN NI_F?&‘
B
W Spi
z Owv,
/ prevailing wind direction >
VAN BOSHUIZENSTRAAT A
Voetveer
DE CUSERSYRAAT

&I KALTJESLAAN
FALFSESLAAN

Fi guro®i nd sheltered roofs

57.22 ( O EAE OUT b O MAH EDEACMAET A AY
The

b
I

R —

~ T 60 T T T <
® O =TT O Q

- T T T

> 9 o

e

(0]
(0]
(0]

-

-

]

amount of aviemagke pNet hghlt &y dcal nTfiynf.ee rfsi gpuerre

I, &wgdrnehotwhat especially tNet hweersltaerrdns psaurftf eor!

t

r

r a
ge
ec
rt
mi
al
r

mp
ob
es
ra

e

of precipitation. The yearly amount of r ai
exampl e Hel mond. The question is if this d

ge lpahoavaibdTrhenaootdedppl ying green roofs how

nt in the western part of the Netherl ands
i pitation, but al so because of cl i mate <che
of theduNethbeslkamds WeédnRtOirsye .t he rainfall e
sphere al s o -1i086c r(eKaNsMeld, Wanki @ th3 )sbt or a g e wi | |
|l enge in the future and green roofs can of

the aver aguenstieaxnplea ma uiFe@ iy 4 i’seh odves. t h a't t he a
erature is highest i n t heBuwsbudihfweesrteen cne pdao
ably not af f ecutoft hilre & 90,r aggis maen bfgfhearveionael la nd
ar e not sensitive to al ns mahlel Zduii fdfeerraemsct e
meter s, for example vegetati coonnahdihmambsh g n

average temperatur e.

90



Langjarig gemiddelde 1981-2010

Gemiddelde jaartemperatuur

Langjarig gemiddelde 1981-2010

Gemiddelde jaarlijkse neerslag

-
-

I 950 - 575
I 525- 950
I 900- 925
I 875 - 900
[ 850- 875
[ &25- 850
I B00- 825
I 775- 800
[ 750-775
[ 725-750

mm

Figurdel average precipit
Net herfamnmdse: KNMI | 2012

25 50 |y

i gurzevarage te
our ce: KNMI , 2

w Te

= ==y
v —

L ey
] 'gﬂ__ﬁgﬂﬂal
SosnCst0=Un

| |
u . R A

=0 f.":’: pediisan
—ENE

Figuwrd&ui table roofs for applyingosatlaas pahel 2018reen) , S

Fi gdBsehows ttaki Isiutiy of ronc ft £ | i msoot | lzagr p Kpyai ndeel red.
t he bui lvdeimygist aalrleeo r( gsrudé eém)bd @ t(lyedd omwdof s recei

91



amount of saant oghs . aPpbhebheiswuficadaddbd e f or bees t
regarding to the amoumt Bof Issunn hteh@iceaufre msomei
grey, whi ch means there is no information ava
most twhesoofs srhadaolwed. urF uFritghGeimeensr al ready conc
t hat mo s t roofs are flat which makes that t he
evepaotft the roof .

573 6 ACAOAOQEI 1

To secur e ewval maldl ewagrer ietl ye,meditsst riinc tt {8@wtnhc i | ;

created in 2006 a policy framework on how th
integrated, maeagedhaenfiosusmain aiame: of the di
1. Preserve hend tshea ecngrtr ent green and water qu
2. Add | acking ecological connections

3.l mprove and restore the degraded pl an

4, Hi gh quality, sustainabl e andi d\in sGroeércadnda o

Bl pydei stri ct courlaculBPest er dam

Figdhmehows an overview ostrnthet cueriemtt lye e@me &

P Comoarts Amstardan desired connection
X Stadsdeel Zuid KW sports park desired lane
b4 KM graveyard == bank lane

4 ««es parklike lane

Fi gurdee atdr ee structure in Zuideramstel -Sowtrle:2@13tric

5731 " OAAT (AAA OOOOAOOOA

92



Bagrasipiasts

Begraatp

AMSTEL

PN e .
Figu4rEeGreekheadtr$1cuture' ac Figusd@Greerheadtrdicture ac
spati al ,pl amMmisrntger dam, spati al ,pl @AAmrsit rEyodid i,

maps.amster2aam3nl maps.amster@@mn3nl

Compad to the rest of-Sédmsherdaam, r aAmatRivgwrge gr e
45andé&i guree The Zui der amst el i s | ocat ed i n bet
Amsterdam Wood andtthkre rAmhttel Thar KGraten Head s
mi ni mum amount of green to preserve, because
producti on, i mproving air guality, water ma
recreation androguadtiityg of hd i GeeerP Head struct

cul tur al hi storical val ues ar e preserved ar
(maps. amsterdam. nl , 2013) .

The Green Head structure in the Zui der aomst el [
a green corridor, wéhG@icjhs birse cth o r mveddm blyemsveelnp atrt
Amsterdam Wood andhehecAmeosgeélcaPaskructure conn
a small er scal e. The ecol ogi cal stafucdiufr fee rceom
si zes. It makes green connections within the
|l andscape outside the city. The ecol ogi cal st
Zui der amst el the ecologicgliesnrhedadret mosct liiye.c
the ecol ogical structure also connects the ho
Figdrve

93



fom) | Buitenveidert

e T N Sutn -
nuid W Zuid

Sportpark
STAV MANLERLAAN Buitenvel idert

Begraafpls

£ | cademich
3 Zorgviied

= - Tiekenbuis V.U,
D BOELELAAN

AMSTEL
PARK

Voetveer

B USERSTHAAT

Fi gIJ4r7eEcoI ogi cal a'(s'dasruatitnuge Figur8Beauna passages for
pl anmSomigc e: maps. am04aB8dam

At some points the ecological structure gets
passages arki gdmbie odmiceatdur e of one of these fau

bridge. Al the fauna passages are mainly focu

57.32"' OAAT ANOITAGEOAT xAl1 0

. -
I L5
“fs-r.::
so——— M Zuid
lf' z\znm.svu“ o @ ,’;‘ 3 Zorgvl
; s} N
® s B
% L 4 ; x
@ S [ ; GIJSBRECHT 3 A::‘S,J(E\
I i VAN AEMSTELPARK E ,,“-’W’}“
] L
Vostveer
'™ 6 [ B =
Fi gu4d ®Gr een roof s i,nSoAmsFi guorO&r e en roof s i nSduwrn
maps. amst er0dlad3m. nl , maps.amsterdam. nl , 2013

Comparedesb oheAmst er danms theals rtehleatZ uvied dyu aftew g1
' i ke the rest of Amst erdam amset emo sse doufm trhoeo frsc
dot s) . The Zuideramst el has one intensive roo

and one sedum roof combined with sol ar panel s

information on the maps i sdahtoewe viehre ndoits-tcra noptl €
South has currentl y’girrretnotrolof s dethf2hdhdDO emof
Boe20( 113

The buildings in the Zuideramst el are little ¢

pl ants at t Aei exbaptopnphedg.ss some of the apart
Lijenberghlaané. Here O6green wallsé are create

makes it | ook 1 i ke a kHingds eoef gr een f a-ade, see

94



BecauseZuihder amst el i s a garden ci tAY stohe oaneur
green fa-ades i-cnovtehree ds hwaaplel so fc ainvybe f ound. Mo s
area however do not have a green fa-ades The
done with the green roofs, so for an exact est

Fi gLBrZéren f@arceaare sr oof s

5733 40AAO0

The f ol | owiinggs Bfeisghuorwes, an inventory of the tree

Fi gbr3ler ee species in Zuideramstel?*

Figbmsehows an overview of the bee attractive t|

95





































































































































































