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CerofHA ropoACKOi OCTPOB TENNA CYUTACTCA OAHUM M3 BaXKHENLIMX BONPOCOB 34paBOOXPAHEHMA, TPE6YIOLNX HE3aMeAIUTENIbHOTO PeLleHNs.
B pamMKax uccnepoBaTenbCKoro npoekra «XoTrepaam» NpoBOAUTCA U3YYeHUe 0CTPOBa Tenna B PotTepaame, 4To6bl 06BACHUTL CBA3L MEXAY
340pPOBbEM HACENEHUA U TEMMU XapaKTePUCTUKAMU FOPOACKON CPeAbl, KOTOPbIe AeNaloT KAMMAT Tensee UK xonoaHee. B pesynbrare npoeeseH-
HOM PaboTbl 6bIM CO3AAHDBI ABE TENIOBbIE KAPTbI, KOTOPbIE MO3BOJIAIOT JKUTEAM ropoAa Noay4YnuTb UHGHOPMALMIO O BAUAHUN TENIOBbIX BOJH
Ha 340pOBbEe U CHU3UTb 3aBUCUMOCTb OT BbICOKMX Temnepatyp. LieHHas uHdopmauua o ropoACKOM OCTPOBE Tenna, NoJly4eHHas B pesynbrate
OCyLeCTBNEHMUA 3TOr0 NPOEKTa, UMeeT OTHOLIEHHUE 1 K Apyrum ropoaam Huaepnanpos (Amctepaamy, faare) u 3a py6exom.

Kniouesble cnoBa: ropofCcKoe Tensio, NPU3eMHOM TENA0BO NOTOK, FPafOCTPOMTENBHOE NPOEKTUPOBAHUE, NPOCTPAHCTBEHHOE NAAHUPOBaHUE,

apanTayuAa K USMeHeHUAM Knumarta, PorrepAaM./

The urban heat island is considered to be one of the contemporary health aspects that cities urgently need to respond to. The Hotterdam
research project addresses the Rotterdam urban heat island, in order to explain the links between the health of the city’s population and the
features of its built environment that make it more or rather less warm. The work resulted in two heat maps that make the city of Rotterdam
and its inhabitants more aware of and less susceptible to the health effects of heat waves. The insights into the urban heat island that were
gained in this project are relevant for other cities in Holland (Amsterdam, The Hague) and abroad.

Keywords: urban heat island; ground heat flux; urban design; spatial planning; built environment; climate adaptation; Rotterdam.

«XoTTepaamM»:
CO3JaHMe KapTbl FOPOACKOro oCcTpoBa Tenna /

TeKCT
®paHk BaH gep XyBeH
Anekcanap Banan

Novemy Tenno?

Bo3peiicTeue Tenna, 0COOGEHHO B rOPOACKOI MECTHOCTH,
“3yyeHo HepocTaTouHo. Kaxpablil pas, Korga geno kacaercs
Tenna u knumara, BHumaHune CMU dokycupyetcs Ha noTe-
NAeHUU KNMMaTa 3eMnu B LLeJIOM U Ha 06CyKaeHUM BONpoca
0 BO3MO)XHOM MNOBbILEHUM TEMNEPATYpPbl Ha Mapy rpasycoB
Llenbcua. Ho mano KTo 3HaeT, YTo Temnepartypa BHyTpU
rOPOACKOro pailoHa MHOTAA MOXET NpeBbIWaTh TeMnepaTypy
3a ero npefenamu o LECATU rpajyCcoB WU YTO B TEYEHUE
HECKOJIbKMX YacoB TEMNepaTypa BHYTPU JOMOB MOXET

ObITb BbILWE, YeM Ha yauLe. ToT haKT, 4To NOXKUAbIE NIOAN
yalle, 4eM 0ObIYHO, YMUPAIOT UMEHHO B NEPUOA aHOMANbHO
BbICOKMX TeMNepaTyp, TaKXKe Manon3BecTeH IMBO KaxeTcs
HENpaBfoONOAO6HbIM.

MeTeoponoruyeckne UHCTUTYTLI, Takue kak Koponesckuit
METeopoNoruyeckuin MHCTUTYT HuagepnaHpos, npeanoymTaoT
NPOM3BOAMTL U3MEPEHUs 3a Npeaenamu ropoaos, Ha 6eso-
MacHOM PacCTOSHUM OT 3aCTPOEHHbIX TEPPUTOPUIA, MOCKONb-
Ky 3[,@aHUs MOTYT NOBAWATL HAa NOKa3aHua npubopos. 0aHako
“3-3a TOTO, YTO 3TW 3aMepbl NPOU3BOLATCA TaM, rAe HUKTO
HE XWBET, Mbl 3HAEM OYEHb MAJI0 O BO3MOXHbBIX PUCKAX,
KOTOpPbIM MOZBEPralTCs rOPOKAHE B CBA3M C U3MEHEHNEM
KWUMaTa, Uan 0 NOKanbHbIX U MPOYMUX BO3AENCTBUAX TENNA.

B cnoxuBLmMxcs 06CTOATENLCTBAX NPOEKT «XOTTEpAAMY
(ot aHm. hot - ropsaunit u Rotterdam — Pottepaam) 3aHu-
MaeTcs U3yyeHuem npobnem, CBA3aHHbIX C NOBbILEHUEM
TeMmnepaTtypsl B OTAENbHO B3ATOM ropoje, 4To6bl 0603HauUThH
CBA3b MEXAY KNMMATOM U 3aCTPOEHHOM cpefoi. 3a OCHO-

By 6epeTcs NoHMMaHMe TOTOo, YTO KNUMAT BHYTPU ropoaa
OT/IMYAETCA OT KNMMaTa 3a ero Npefenamm 1 B T0 e Bpems
He nepecTaeT UrpaTb KIKOYEBYIO POJib B COCTOSHUM 3[0POBbS
ropoxaH, B fJaHHOM ciyyae xutenen Pottepaama.

Tenno B ropoge 6yayuiero

B 2014 ropy KoponeBckuit METEOPONOrMYECKUIl MHCTUTYT
Hugepnavgos (KMWH) ony6nukoBan HoBble clieHapuu
6ynyLuero pa3sutua knumata Hugepnangos. OHu cogep-
at nporHo3ssl Ha 2050 1 2085 roabl. Ha ocHoBe yeTbipex
cueHapues KMUH npepcka3sbiBaeT pocT KONMYECTBA XKapKuX
NeTHUX QHEN U BEePOATHOCTYU TenioBbIX BONH. apkoe neTo,
nogfo6Hoe nety 2006 roaa, CTaHET CKOpee NpaBUIOM, Hexe-
Au ucknoYeHmem. Ho nponsonayT v apyrue udmeHenus. B
HupepnaHpax oxuaaeTcs 3HaUMTeNbHbIA POCT YNCAEHHOCTM

noxunbix nogei. Yepes 20 net 6osnee YeTBepTHU HaceNeHUs
OyneT B BO3pacTe cTaplue 65 neT, a Befb UMEHHO 3Ta rpynna
HaceneHusi 0co60o YYBCTBUTENbHA K XapKOW noroge.

Y¥apa B Napuxke B aBrycre 2003 ropa

AHOManbHas xapa, Kotopas nocetuna Espony B aBry-

cte 2003 roaa, OKOHYaTenbHO ybeanna Hac B TOM, YTO

Hale 06LeCTBO OYEHb YYBCTBUTENBHO K XXapKOii noroge.
[ymaHuTapHas KatacTpoda, npousolwewas TeM 1ETOM

B MNapuxe, Npon3Bena 0aMHAKOBOE BNeYateHne Kak Ha
3KCNEPTOB W NONUTUKOB, TaK U HA WHPOKYIO NyONMKY.
bepctBue cnyunnoch B Havane asrycta 2003 roaa, oxsa-
TWUB MaBHbLIM 06pa3oM KL NOXuUNOro Bospacta. 06bIYHO

B MNapuxe exepnHeBHO ymupaet ot 30 go 50 yenosek. Bo
BPeMA TENJ0BOM BOJHbI B NepBble ABe Hefenu asrycra 2003
rofia 370 KONIMYeCTBO Pe3K0o BO3POC/O0, JOCTUTHYB NUKa B
6onee yem 400 yenosekK. Mo3gHee NoaCYUTANM, YTO B ITOT
nepuog Bo ®paHumu n3-3a xapbl ymepno 14 800 yenosek
(Dhainaut, Claessens, Ginsburg, & Riou, 2004). B pesynbrate
nposenu 6onblwoit 06beM UCCNefoBaHUI C LeNbIo onpe-
LeNuTb CBA3b MEXAY TENJ0BOW BOJHOM, OCTPOBOM Tenna B
[lapue 1, B 4aCTHOCTH, CMepTbio NOXuabix ntofen. 0gunH u3
Takux uccnegoBatenbckux npoektos (Dousset & Gourmelon,
2011) gan BO3MOXHOCTb YCTAHOBUTL BaXKHYIO CBA3b MEXAY
CMepTbI0 NOXKMALIX NI0fei U 0CTPOBOM Tenna, 0COBEHHO B
HOYHOe BpeMs. YyacTHUKM Apyroro npoekta (Vandentorren,
Bretin, Zeghnoun, Mandereau-Bruno, Croisier, Cochet, ...
Ledrans, 2006) fokasanu, YTo onpefeneHHas rpynna nwoaen
NOXMNoro Bo3pacra 6bina B 6oNbLIEN CTENEHU NofBEPKEHA
PUCKY, HEXENN ocTanbHble. B nepuog aHOManbHO BbICO-

kux Temnepatyp 2003 roga B [apuxe yawie Bcero cMepTb
HacTynana y noXunbix Niofei, KoTopbie 6blaM NPUKOBaAHbI

K NOCTeNM, CTpaganu oT CepAEYHOCOCYLUCTBIX MW HEBPO-
JIOTUYECcKMX 3a60NeBaHNIA, @ TAKKE Y TeX, KTO XM B CTapbixX
3[,aHUAX C NJOX0N U30NALNEN, HA TEPPUTOPUAX C CUJIbHBIM
BO3[ENCTBMEM OCTPOBA TEMa UK Y TeX, YbA CNasbHA
HaxoAunacb HeNoCpeACcTBEHHO NOA Kpbllwei. B To e Bpems,
NOXWUNble N0AN UMeNU GOoNblIe WAHCOB BbIXUTb, EC/IN OHU
Hocunu Gonee Nerkyio OAeX Ay, N0Nb30BaNUCh BEHTUAATOPA-
MU UK KOHAMLMOHEPAMU M 3360TUNUCH O CBOEM 340POBbE
(OTKpbIBaNW OKHa, eCNM Ha yAuLe BbIN0 NPoxnagHee, MUK
LOCTaTOYHOE KONINYEeCTBO BOAbI).



Why heat?

The effects of heat, and especially heat in urban areas, are more or
less unknown. Whenever any (media) attention is given to heat and
climate, it focuses on the warming of the earth as a whole, and the
question of whether that process will amount to more or less than two
degrees Celsius. But few of us know that the temperature inside urban
areas is sometimes already ten degrees Celsius higher than outside
their limits, or that for long periods of the day, the temperature inside
homes is warmer than out on the street. The fact that more elderly
people die during heat waves than usual is not widely known and some
do not even believe it.

It does not help that meteorological institutes, such as the Royal
Netherlands Meteorological Institute (KNMI), prefer to measure
weather outside cities, at a safe distance from built-up areas. Build-
ings may influence the readings, but because they are taken where
nobody lives, we know little about the exposure of city dwellers to a
changing urban climate, or about the local and other effects of heat.

In this context, Hotterdam investigates the heat related problems
in a specific city in order to outline the links between the climate and

the built environment. We do so on the basis of the realisation that
the climate within a city behaves differently to outside, while that

same urban climate continue to play a key part in the well-being of
the city’s residents: Rotterdam in this case.

Heat in the city of tomorrow

In 2014, the Royal Netherlands Meteorological Institute (KNMI)
published new scenarios for how the climate in the Netherlands will
develop in future. The scenarios contain predictions for the years 2050
and 2085. Using four scenarios, the KNMI predicts that the number of
hot summer days will increase, as will the likelihood of heat waves. Hot
summers like the one in 2006 will become more the rule than the ex-
ception. But there are other changes too. The population forecast for
the Netherlands is for a considerable rise in the number of old people.
In 20 years, more than a quarter of the population will be over 65, and
it is precisely this group that is vulnerable to (urban) heat.

Heat in Paris, August 2003

The heat wave that affected Europe in August 2003 made it painfully
clear that as a society, we are vulnerable to warm weather. If there

Hotterdam, mapping the Rotterdam urban heat island

BospgeicTBue TennoBoi BonHbl B PoTTepaame B utone
2006 ropa

AHOManbHO BbiCOKMe Temnepatypsl 2003 roaa, KoTopble
UMeNu cunbHelwee Bo3aeicTBMe Ha PpaHumio, MWL B He-
60/bLIOI CTENEHM NOBAUANM HA NOKA3aTeNU YPOBHSA CMEpT-
HOCTM Cpean Noxunbix niogei B Pottepaame. Jleto 2003
roga B Pottepgame 6b110 He TaKUM KapKUM, OfHAKO Tpu
rofa cnycra MHOroe u3meHunocb. B uone 2006 roga 6bi10
3ahMKCMPOBaHO AiBe TEMNOBbIE BOJIHbI, NOCNeL0BaBLMe ApYr
3a [pyrom. JTOT MecsL, CTan caMblM Xapkum B fonnaHgum

3a nocnepHue 300 net. CornacHo ctatuctuke, B Hugepnas-
nax B uione 2006 rofa nokasatenb CMEPTHOCTM MPEBLICUN
CpefHuii moKasaTenb UIOAA Ha ThiCAYY YenoBeK. bonblwmnH-
CTBO CMepTeil Npou30LWN0 Ha 3anaje cTpaHbl. Kpome Toro,
roNNaHACKUe CTaTUCTUKM ONpeaenamn, YTo CMepThb Yalle
BCEro HacTynana cnycta ABa AHA nocne TemnepaTypHoro
nuka. Takum 06pa3om, UMes ThiCAYY CMEPTESbHBIX CyYaeB
B pe3y/ibTaTe ABYX TeMJ0BbIX BONH, HugepnaHabl okasanuco
Ha YeTBEPTOM MeCTe B peilTUHIe MUPOBbLIX MPUPOAHbIX
katactpod 2006 rofa no KOAUYECTBY CMePTENbHbIX UCXOAO0B.
3T0T penTUHT npoBoauT LleHTp nccnepoBaHuin anuaeMmnono-
TUU CTUXUIHBIX BeacTBUiA.

Hu B Kakom Apyrom mecsue, kpome nionsa 2006 rofa, He
6bin 3ahMKCUPOBAH TaKoii BbICOKUI NOKa3aTenb cpegHen
Temnepatypel Bo3ayxa B Pottepaame (27,8°C) 1 TaKoii Bbl-
COKMIA NPOLLEHT CMEPTHOCTU CPeau ropofCKOro HaceneHus B
Bo3pacTe 75 net u ctapwe. OCHOBbLIBaACb Ha UHGOPMaLUY,
npefocTaBaeHHON ropoAcKkuM coBetoM PoTTepaama, Mol
ycTaHosunu, 4to B utone 2006 roga cpeau nuy, ctape 75
NeT 6b110 3aUKCUPOBAHO Ha 75 cmepTeit Gonblue cpefHero
nokasarens 3a nepuog c 2000 no 2013 rog. CpegHuit Haumo-
HaNbHbI NoKasaTtenb OblN YABOEH.

Topoackon ocTpoB Tenna

Tennosas BO/Ha, koTopas npuwna B Poccuto B 2010 roay,
Oblna MeHee U3yYeHa, YEM 3anagHOEBPONeCKUe BONHbI
2003 1 2006 rofi0B, OJHAKO MMeNa He MeHee paspyLialoLLyo
cuny. CornacHo aaHHbIM MUHMCTEPCTBA 3IKOHOMUYECKOTO
passuTus, B nione u asrycte 2010 roga B cTpaHe ymepno
npumepHo Ha 56 000 yenosek Gonble, yem B 2009 rogy
(Barriopedro, Fischer, Luterbacher, Trigo, & Garcia-Herrera,
2011). Xapkas norofa B ropofie npeacraBnser co6ou

peanbHyI0 ONAaCHOCTb U HAaNpsAMYIO CBA3aHa C PeLleHNeM 0f-
HOTO W3 NATU BAXHENLNX BONPOCOB, KACAKOLWMUXCA 330POBbA
FOPOXaH U CTOALLUX HAa NOBECTKE AHA: yNpaBJeHne 04nCT-
KOW M OTBEEHMEM CTOYHbIX BOJ; CTPOUTENbHbIE CTAHAAPTI,
TennoBon KOMGOPT U Ka4eCcTBO BO3LyXa B NOMELLEHUAX;
TPaHCMOPTHOE 06CNYKUBaHKE, MOBUNBLHOCTL U hU3nYecKan
aKTUBHOCTb; 3((eKT ropofiCKOro 0CTPOBA TeN/a; ropofcKoe
npou3BoACcTBO NpoaykToB nutaHus (Rydin, Bleahu, Davies,
Davila, Friel, De Grandis, ... & Wilson, 2012).

OcTpoB Tenna — 370 30Ha, BHYTPW KOTOPOIl TeMnepaTyp-
Hble MOKa3aTesu Bbille, YeM Ha OKpYXaloLei ee TeppuUTOpUN
(Greater London Authority, 2006). Koraa octpos Tenna npu-
CYTCTBYET B FOPO/E, Mbl Ha3blBaeM €ro ropoACKUM OCTPOBOM
Tenna. B Pottepaame Takoit 0CTpoB Tenna okasbiBaeT YeTKO
BbIPAXXEHHOE BAUAHME.

Temnepatypa noBepxHOCTU NOYBbI U TEMNepaTypa
BO3AyXa

Ecnu paccmatpusath ropoACKON OCTPOB Tenna, To Temne-
paTypa B ropofie NpeBbllaeT TeMnepaTypy CeabcKoit um
npupoaHoi cpedbl. B agaHHOM Bonpoce npu UCNoNb30BaHUM
TEPMUHOB MHOTAA BO3HUKAET NyTaHuLa. VimeeTtcs nu B BUOY
Temnepatypa BO3AyXa Uan Temnepatypa NnoBEpPXHOCTH No-
yBbl? Bonblas pasHuLa TeMnepaTyp Ha NOBEPXHOCTU 3eMAU
yalle BCero BO3HMKaeT B HEBHOE BPEMSA NPU CONHEYHOM
cBeTe. PasHuLa TemnepaTyp Bo3ayxa Mexay ropoAaoM v
OKpecTHOCTAMU (hOpPMUPYeTCA BEYEpOM, nocne 3axoAa
conHua. OcTpos Tenna B fHeBHOe BpeMs (Temnepatypa
NOBEPXHOCTM MOYBbI) ABNAETCA MPUYMHOI HOYHOTO OCTPOBA
Tenna (Temnepartypa Bo3gyxa). B AHeBHOe BpemsA NoyBa,
NOBEPXHOCTHbIE BOAbI M 3aCTPOEHHAs TEPPUTOPUS Harpesa-
toTCsA. 3aTeM xapa BblenseTca Houbto. B pesynbtate Tenno
B rOpPOAE 3aAePXMUBACTCA HA AJIUTEeNbHOE BPEMSA BEYEPOM U
HOYbIO.

banaHc noBepxHOCTHOW IHeprum

Yapa, KoTopyto Mbl OLyLaeM B FOPOAE, ABAAETCA NPOAYKTOM
TOrO, YTO Mbl Ha3blBaeM 6anaHCoOM NOBEPXHOCTHOM IHEPrUU.

BanaHc NoBEPXHOCTHOM SHEPTUM OCHOBLIBAETCS Ha NPUHLM-
fne COXpaHeHWs 3Heprum. ITo 03HAYAET, YTO YUCTas IHeprus,
KOTOpYIO NOMYYaeT OT COHLA NOBEPXHOCTb 3EMJIU B ropoje

(4ncToe conHeuHoe n3nyyeHue) paBHa KONMYECTBY IHEPruu
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> [opopackoi ocTpoB Tenna,
rpacuka PpaHka BaH aep
XyseHa / Urban heat island,
graphic by Frank van der
Hoeven

was one situation that summer that made an impression on experts,
politicians and the public alike, it was the humanitarian disaster in
Paris, France. It occurred in early August 2003, and mainly affected the
elderly. Usually, around 30 to 50 people die every day in Paris. During
the heat wave in the first two weeks of August 2003, that number

rose sharply, peaking at more than 400. It was later established that
14,800 people died in France during this period as a result of the

heat (Dhainaut, Claessens, Ginsburg, & Riou, 2004). A fair amount of
research was subsequently carried out into the link between the heat
wave, the Paris heat island, and the deaths of the elderly in particular.
One such research project (Dousset & Gourmelon, 2011) suggested that
there was an important link between the deaths of older people and
the nightly heat island. Another project (Vandentorren, Bretin, Zegh-
noun, Mandereau-Bruno, Croisier, Cochet, ... Ledrans, 2006) showed
that certain elderly people were at greater risk than others. During the
2003 heat wave in Paris, the elderly who died tended to be those who
were bedridden, had cardiovascular disease or neurological conditions,
but also those who lived in old buildings with poor insulation, in areas
with a strong heat island effect, or who slept in a bedroom immediately

B TEMNOBbLIX NPOLECCaX, NPOTEKAOWMX B FOPOJE, TAKUX KaK
HarpeBaHWe BO3fyxa NyTeM KOHBEKLUN (ABHas TennoTa),
“cnapeHve BOAbl U TPAHCMMpaLMA LepeBbEB U PacTeHNU
(ckpblTas TennoTa), a TakKe NOMOLWEHWe Tenna 3emMne,
3/l aHUAMU U NOBEPXHOCTHOW BOAOI (NpU3eMHON TenNoBOM
notok) (Harman, 2003). banaHc NoBepxHOCTHO 3HEprum
MOXHO BbIPa3nTb Yepes opmyny:

Q* =QE+QH +QS,

rae Q* = yucToe conHeyHOe U3NyyeHue, NonyyeHHoe
noBepxHoOCTbto 3eMmnu, QE = 3Heprus, notpebnsemas npu
ncnapeHum (BoAbl 1 pacteHuit), QH = sBHas TennoTa (nepe-
XOf, Tenna oT NOBEPXHOCTU 3eMnu B BO3AyX), QS = aHeprus,
NOrNOLWeHHan BOLOW, 34aHUAMMU U NOBEPXHOCTHON BOAOWA.
WUccneposatenbckue BONpoChI
Mbl Hayanu paboTy Haf NPOeKTOM «XOTTepAaM» C onpepene-
HUA MacwTabos Npo6aembl, CBA3AHHOI C BLICOKUMMU TeMne-
patypamu B PoTTepaame, 1 nonbiTanuch, OTBETUTL HA BOMPOC:
Kakue paioHbl PoTTepaama nofBepxeHbl CaMOMy CUAbHOMY
BJWAHUIO rOPOACKOro 0CTpoBa Tenna?
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under the roof. By contrast, older people had a lower chance of dying if
they wore lighter clothing, if they used cooling equipment (ventilators
or air-conditioning), and if they acted carefully (e.g. by opening win-
dows when it was cooler outside, or by drinking enough water).
Impact of the July 2006 heat wave in Rotterdam

The heat wave that affected France so terribly in 2003 had only little
effect on mortality rates of the elderly in Rotterdam. It was simply not
that hot in Rotterdam during that summer. Three years later, things
were much different. In July 2006, there were two heat waves in quick
succession. That month went down in Dutch history as the hottest in
300 years. Statistics Netherlands determined that 1,000 more people
died in the Netherlands in July 2006 than in an average July. Most
deaths occurred in the west of the country. In this context, Statistics
Netherlands also demonstrated the link between the peaks in tempera-
ture and deaths has a time lag of two days. With these 1,000 deaths as
a result of the two heat waves, the Netherlands found itself in fourth
place in the world natural disaster rankings in 2006, measured by

the number of fatal victims. This list is maintained by the Centre for
Research on the Epidemiology of Disasters (CRED).

Cnepytowmii BONpPoC — AeiiCTBUTENBHO K TOPOXaHe cTpa-
[Al0T OT BPELHbIX MOCNEACTBUIA FOPOACKOro Tenna U ectb n
CBA3b MEXAY XapKoii norofoit B PoTTepaame n 340poBbem
NIOfEeN, ecnv NPUHATL BO BHUMAHMWE POCT YPOBHA CMEPTHO-
CTU Cpeawu nuy cTapwe 75 net?

Ecnu npeanonoXuTb, 4TO B 3aBUCUMOCTU OT TOIO UK UHO-
ro palioHa PotTepgama noka3satenu temneparyp 4 COCTOAHUA
340pOBbs OYAYT Pa3anUHbI, TO BOSHUKAET BOMPOC: MOXKHO
NN pas3nunyune TemnepaTyp B pa3Hbix paoHax PoTtepgama
06'b$-|CHVITb C TOYKM 3peHNA coumnanbHbIX U ¢M3I/IHeCKI/IX
KayecTs ropopa?

MeToabl — U3MepeHUe, aHann3 U KapTorpapuposaHue
MpoekTy «XoTTepAaM» npealwecTBOBaN NPoeKT «AMcTep-
Bapm» (oT aHm. Amsterdam — AmcTepaam U warm — Tenniblit),
B KOTOPOM Mbl U3y4aiu rOpOACKON OCTPOB Tenna B Amcrep-
Aame. TpoeKT «XoTTepaamM» 0CHOBbLIBAETCSA HA METOLONOTUM,
paspaboTaHHoii Npeablaywum npoektom (van der Hoeven

& Wandl, 2015a), a TakKe Ha Apyrux uccnefoBarenbCKux




There was no other month with such a high average temperature
in Rotterdam (27.8°C) than July 2006 and there was no other month
with such a high mortality rate among those aged 75 and over in the
city.Based on information provided by the Rotterdam city council,
we established that there were 75 extra deaths among those aged
75 and over in July 2006 compared to the average over the period
2000-2013. This was twice the national average.

Urban heat island

The heat wave that struck Russia in 2010 received less coverage than
the Western European heat waves of 2003 and 2006 but was just as
devastating. According to the Economic Development Ministry nearly
56,000 people died across the country during the months July and
August 2010, compared to 2009 (Barriopedro, Fischer, Luterbacher,
Trigo, & Garcia-Herrera, 2011). Urban heat is a real risk and poses

one of the five key urban health challenges in the (near) future that
need to be tackled: Sanitation and wastewater management; Building
standards, thermal comfort, and indoor air quality; Transportation,
mobility, and physical activity; The urban heat island effect; and
Urban food production (Rydin, Bleahu, Davies, Davila, Friel, De Grandis,
... & Wilson, 2012).

NpoeKTax, TaKUX Kak U3yyeHue ropoAckoro Tenna B TpeHTo
(Daniele, 2010).

WccnepoBatenbCckuii npoekT «XoTrepaamy o0xBaTbiBaeT
TPV K/IOYEBbIX BONPOCA: FOPOACKOE TEMIO, COLManbHble
thakTopbl U Gusnyeckue daktopsl. loposckoe Tenno u
6anaHc NOBEPXHOCTHO 3HeprUm GbiNK onpefeneHsl ¢ Uc-
nonb30BaHNEM [AUCTAHLMOHHOTO U KONNEKTUBHOIO 30HAMPO-
BaHus. CoumanbHble u husmnyeckue GakTopbl ObM ycTa-
HOBJIEHbI MPW NOMOLLM CMYTHUKOBbIX CHUMKOB, TPEXMEPHOM
mopenu u mogenu MNC.

CBA3b ropofCKOro Tenna 1 6anaHca NOBEPXHOCTHOMN 3Hep-
TUM € counanbHo-busnyeckumm hakTopamu onpepensnach
NOCPeACTBOM aHanM3a MHOronapameTpuyeckon perpeccuu.
Hanbonee BaxHble counanbHble U Gusnyeckue haktops
GblnW 3aTEM CTPYNNMUPOBAHBI U BKITIOYEHBI B COLMANbHO-(H-
3W4eckue TennoBble KapTbl. TennoBble KapThl U KntoyeBble
AaHHble MOMOTaloT NOHATL MexaHW3Mbl BO3AENCTBUA Teno-
BbIX BOJIH Ha xuTeneit Pottrepaama. OcHoBbIBasACh Ha nonay-
YeHHbIX pe3ynbTaTax, Mbl ONUCcanu Haubonee BaxHble Mepbl,
KOTOpbIE MOTYT NPeAnpUHATL BNAJENbLbl XUAbA (YacTHble
NNLA, TOBAPUILECTBA XKWUNbLOB UM KOMNAHUW) U TOPOLCKON
COBET, YTOObI YNy4YWNTb KAYECTBO XKUNbA U aAanTUPOBaTh 3a-
CTPOEHHYI0 TOPOACKYIO Cpefy K apkoii noroge. NMy6aunyHbii
BapMaHT AOKNafa No NpoeKTy «XoTTepAam» Gbin ony6amko-
BaH B OTKPLITOM JOCTYNE C LeNbio MaKCUMaNbHOro pacnpo-
CTPaHEHUsA pe3ynbTaToB UCCNe[0BaHUA Ha rofnaHackom (van
der Hoeven & Wandl, 2015b) u anrnuiickom (van der Hoeven
& Wandl, 2015c) si3bikax.

Atnac

Bce nosnyyeHHble faHHble Gbinn cobpaHbl B atnac. KapTbl
atnaca 6Ly cocTaBaeHbl NPU NOMOLLM reorpaduyeckoi uH-
tdhopmauuoHHom cuctemsl ArcGIS. Bce KapTbl cocTaBnanuch
Ha OCHOBE reKTapHOM CeTKW. YncnoBble 3HaYeHus (Hanpu-
Mep, 23% NOBEPXHOCTHOI BOAbI MAW 3 Yaca 3aTEHEHHOCTU)
Oblnn onpefeneHbl AN KaX[OM KNeTku (MNU NUKCENs) CeTKu
COOTBETCTBEHHO COLMANBHBIM U PU3NYECKUM XapaKTepUCTu-
kam PoTTeppama. B npouecce coctaBneHus amaca ucnosb-
30BaNMCb TPU UCTOYHMKA: CNYTHUKOBbBIE CHUMKM, AAHHbIE
I'NC n TpexmepHble Mogenu. ATnac COCTOUT U3 TEMIOBOTO,
COLMaNbHOTo 1 U3NYEeCKOro Pa3fenos.

A heat island is an area where the temperature is higher than in the
surrounding area (Greater London Authority, 2006). When heat islands
are generated by cities, we term this an urban heat island. Rotterdam
clearly has an urban heat island effect.

Surface temperature and air temperature

In the case of urban heat islands, the temperature in the city is higher
than in a rural or natural environment. Here, there is sometimes con-
fusion regarding the terms used. Is it the air temperature that is being
referred to, or the land surface temperature? Large differences in tem-
perature on the earth’s surface occur mostly in the daytime, when the
sun is shining. Differences in air temperature between cities and the
surrounding area arise in the evening, after sunset. The heat island in
the daytime (land surface temperature) is what causes the heat island
at night (air temperature). In the daytime, the ground, surface water
and the built-up areas heat up. The heat is then released at night. As a
result, it stays warm for longer in the city in the evening and at night.

Surface energy balance

The heat we experience in a city is the product of what is known as
the surface energy balance. The surface energy balance is based on

surface water shadow

building envelope

red means hot or reason for concern, blue means good or positive

Tennosoi hakTop

[lns Toro 4To6bI NPOM3BECTM NPOCTPAHCTBEHHOE U3MEPEHME
Tenna B PoTTepaame, Obinu B3ATH TPU NOKasaTens: Temnepa-
Typa NOBEPXHOCTW 3eMU, TEeMNEpaTypa HapyXHOro BO3Ayxa
" TemnepaTtypa BO3ayxa B nomeleHnu. [ins onpepenexus
TemnepaTypbl NOBEPXHOCTU 3€MAIN UCMONb30BANOCh AUCTAH-
LMOHHOE 30HAMPOBaHKe. HouHas Temnepatypa HapyXHOro
BO3/lyXa W BO3Jlyxa BHYTPU NOMELLEHNS U3MepAnach Npu no-
MOLLY KONJIEKTUBHOTO 30HAMPOBAHUA. banaHc noBepxHOCT-
HO¥l 3HEpPruM MOAENNPOBANCA NPOTPAMMOIl AUCTAHLMOHHOO
3oHAnposaHusa ATCOR 2. Moka3satenu Temnepatypbl BO3AYXa,
TeMnepaTypbl NOBEPXHOCTU 3€MAN U 3HEpreTUYecKoro 6a-
NaHCa yKa3blBAOT HA APKO BblpaXeHHbI 3 deKT TennoBoro

< 0630p KapT, nomorato-
LWMX 0OBACHUTL NPUHLMA
BO3/eNCTBUA OCTpOBA
Tenna Pottepgama: ckpbiTas
TennoTa, ABHaA TennoTa,
HaceneHue 75 net u ctapuue,
BO3PACT 3[aHUI, repMeTuy-
HOCTb, 3e1eHas pacTuTesb-
HOCTb, 060/104Ka 3aHuA,
NOBEPXHOCTHAA BOAA U TEHb
/ Overview of the maps that
were used to explain the
workings of the Rotterdam
urban heat island: latent
heat, sensible heat, people
aged 75 and over, age of
buildings, imperviousness,
foliage, building envelope,
surface water, and shadow.
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Pe3ynbratsl rpynnosoro
aHanu3a coumasnbHol KapTsl
Tenna / Results from the
cluster analysis of the social
heat map.

the principle that energy is not lost. This means that the net energy
that the surface of a city receives from the sun (net solar radiation) is
equal to the energy that passes through the heat processes that take
place in the city, such as the heating of the air through convection
(sensible heat), the evaporation of water and transpiration through
trees and plants (latent heat), and the absorption of heat in the
ground, buildings, and surface water (ground heat flux), (Harman,
2003).As a formula, the surface energy balance is expressed as
follows:

Q*=QE+QH+QS

Q* = Net solar radiation received by the earth’s surface

QE = Energy consumed through evaporation (by water and greenery)
QH = Sensible heat (conversion of heat from surface to air)

QS = Energy absorbed by the ground, buildings and surface water

Research questions
We started the Hotterdam project by establishing the (spatial) extent
of the heat problems in Rotterdam: Which areas of Rotterdam experi-

ence the urban heat island effect most strongly?
The next question was whether the inhabitants of the city really

do suffer harmful consequences from the urban heat: Is there a link
between the heat problems in the city of Rotterdam and public health,
in relation to the increased levels of mortality among those aged 75
and over?

Assuming that there are differences regarding heat and health
between the various districts in Rotterdam: Can the differences in heat
between the districts of Rotterdam be explained on the basis of social
and physical features of the city?

Methods: measuring, analysing and mapping

Hotterdam is the follow-up to a previous study — Amsterwarm’ — in
which we researched the heat island of the city of Amsterdam. Hotter-
dam builds upon the methodology developed in this project (van der
Hoeven & Wandl, 2015a), and on other research projects like the study
on urban heat in Trento (Daniele, 2010).

The Hotterdam research project encompassed three key points:
urban heat, social factors and physical factors. Urban heat and the sur-
face energy balance were determined using crowd sensing and remote
sensing. Social and physical factors were identified with the help of
satellite images, GIS and 3D models.

b
"
Numbers aged 77 4 4 2 1
75 and over/hectare
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Results from the cluster analysis of the social heat map.



The links between urban heat/surface energy balance and social/
physical factors were determined with the aid of multivariable regres-
sion analysis. The social and physical features that matter were then
clustered and incorporated in the social and physical heat maps. The
heat maps and underlying data offer an understanding of the mecha-
nisms that make the residents of Rotterdam vulnerable to heat waves.
Based on these insights, we described the most important measures
that tenants, home owners (individuals, residents’ associations, cor-
porations) and the city council can take to change their behaviour, to
improve the quality of their homes and to adapt the built environment
to hot weather. A public version of the Hotterdam report was published
as open access document to disseminate the full extend of the
research in Dutch (van der Hoeven & Wandl, 2015b) and in English (van
der Hoeven & Wandl, 2015c).

Atlas

All the data that we gathered was compiled in an atlas. The maps in the
atlas were generated in a Geographic Information System (GIS): Arc-
GIS. All the maps were made on the basis of a hectare grid. Numerical
values (p.e. 23% surface water, or 3 hours of shade) were calculated

ocTtpoBa B PoTrepgame. TennoBoit ocTpoB Haubonee YeTKO
BbIPaXEH Ha Y4aCTKax, 3aHATbIX MOPTOM, NMPOMBILLIEHHO-
CTbio U 6U3HECOM. B LieHTpanbHbIX U JOBOEHHbIX paloHax
CEBEPHOTO, I0XKHOTO U 3anagHoro PoTTepfama MOXHO Takxke
HabntoAaTh ropofcKoit ocTpos Tenna. Temneparypa BHYTPH
LOMOB 06bIYHO BbILIE, YEM CHAPYIKH, U TaKXKE LeMOHCTPUpPYeET
BbICOKYIO CTeNeHb M3MEHYMBOCTU. MecTHas Temneparypa Ha-
PY)KHOTO BO3[yXa OKa3blBAET Ha TEMMEpPaTypy B MOMeLeH!H
ropasfo MeHblle BO3LeNCTBUS, YeM Mbl OXUAANM.

CouuanbHbIi hakTop

CoumnanbHO-NpOCTPaHCTBEHHbIE (DAKTOPbI BAUAIOT HA
YyBCTBUTENbHOCTb MECTHBIX XXUTENeN K rOpOACKOMY Tensy
(Mavrogianni, Davies, Batty, Belcher, Bohnenstengel,
Carruthers, Chalabi, ... & Ye, 2011). B cB3#1 C 3TUM Mbl UC-
cnefoBanu 60MblWOe KONUYECTBO YENOBEK B Bo3pacTe 75 et
1 CTaplue, ypoBEHb CMEPTHOCTM B 3TOM rpynne B utone 2006
rofa, pasHuLy Mexay nokKasartensMu CMepTHOCTU B Utone
2006 rofa 1 cpefHMMY nokasatenamu ans uions ¢ 2000 no
2013 rofibl, @ TaKXXe NPOAOIKUTENBHOCTb 3KCNAyaTaLum 3aa-
HWUIN B pacyeTe Ha rekTap. [pynna HaceneHusa B Bo3pacte 75
NeT 1 CTaplue, YyBCTBUTE/IbHAS K TEMNEPaTYPHbIM U3MEHEeHU-
AM, CKOHLLEHTPMPOBaHa B NOCIEBOEHHBIX paitoHax (B JoMax
npectapenbix). [lokasarenb CMEPTHOCTY BO BPEMA TEMNOBOIA
BOJIHbI B Mtonie 2006 roaa, NpeBbICUBLUNIA CPegHUIN NOKa3a-
TeNb, 0XBaTbIBAET Gosee WMPoKyto Tepputopuio. 0ueBnaHo,
4TO [1eN10 He TONbKO B KOHLEHTPaumMu HaceneHuns B Bo3pacte
75 v cTapue.

®usuyeckuu akrop

Y1066l Onpepenuts GU3NKO-NPOCTPAHCTBEHHbIE YEPTHI,
COCTaB/IAoWME FOPOACKOM OCTPOB Tenna B PoTrepaame, Mbl
MCMO/b30BaW TPU BUAA AAHHbBIX: CYTHUKOBbLIE CHUMKM,
AaHHble cuctembl TUC ropofcKoro coBeTa v faHHbIe, NoNy-
YeHHble U3 TpexmepHoit Mogenu PotTepaama. Gusuyeckue
YepTel, yyacTsylowe B GOpMUPOBAHUM TENNOBOTO OCTPOBA,
AEMOHCTPUPYIOT YeTKoe pasnndne mexgay: 1) paitoHamu
nopTa, UHAYCTPUM 1 BU3HEC], 2) SOBOEHHON YACTbIO rOPOAa,
BKJI0YAA LieHTP, 3) NOCNEBOEHHOM YaCTbio ropoAa U COPoKa
YYaCTKaMU 3eNeHbIX HacaXAeHuil. ITU YeTbipe COCTaBAAIO-
Line NIeXar B OCHOBE COCTABNEHUS TENNOBbIX KApT.

for each of the individual cells (or pixels) in relation to the social and
physical features of the city of Rotterdam. Three main sources were
used in this process: satellite images, GIS data and 3D models. The
atlas was divided into three sections: heat, social and physical.

Heat

To identify the spatial dimension of heat in the city of Rotterdam, three
temperatures were determined: the surface temperature, the outdoor
air temperature, and the indoor air temperature. Remote sensing

was used for the surface temperature. The night-time outdoor air
temperature and the indoor air temperature were used with the help of
crowd sensing. The surface energy balance was modelled with remote
sensing software (ATCOR2). The air temperature, surface temperature,
and energy balance readings point to a clear heat island effect in
Rotterdam. The heat island is strongest at the sites used by the port,
industry and businesses. The centre and the pre-war districts in North,
South, and West Rotterdam also experience a clear urban heat island
effect. Temperatures in homes are generally higher than those in the
surrounding area, and also show a large degree of variation. Indoor
temperatures are less affected by local outdoor temperatures than we
had expected.

Tennosble KapThbl

B pamkax npoekTa «XoTTepgam» nosBUANCH ABE TeNI0-

Bble KapTbl, COCTaBNEHHbIe Ha 6a3e atnaca. B yacTHocTy,
couManbHas TennoBas KapTa BblpaxaeT YyBCTBUTENbHOCTb
NOXWUAbIX NIOJEN K BO3LENCTBUIO TOPOACKOr0 OCTPOBA Tenna.
®u3nyeckas Tennosas KapTa ;leMOHCTPUPYET XapaKTep
NCMONb30BAHUA 3e€MeNb, B 6ONbLIEH UK MeHbLUel CTeneHu
BAMAIOLLMIA HA OCTPOB Tenna ropoaa Potteppama.

CoumnanbHas KapTa Tenna

3ambicen couManbHoO KapTbl Tenaa COCTOUT B TOM, YTOGbI
onpefenuTh, B KaKUX YacTAX ropofa YyBCTBUTENbHOCTb

K XapKoil norofie BeAeT K NpobsemMam co 3L0POBLEM, B
0COGEHHOCTM y NOXUABIX Ntoaei. iepapxuyeckoil aHanu3
MHOXXECTBEHHOI perpeccun NCnob30Banca LA BbIACHEHUS,
KaKoW U3 HUKenpuBeeHHbIX COLMaNbHbIX PaKTOpPOB ABNA-
€TCA CTAaTUCTUYECKM 3HAYMMbIM Ana PoTTeppama: Konuuectso
YesoBeK B BO3pacTe 75 NeT U CTaplue Ha rektap, CpefHas
MPOAOMKUTENLHOCTL IKCINYATALMN 34aHUIA UK obLyee Ko-
NNYeCTBO ABHOW TEMNOTbI U MPU3EMHOTO TEMNNOBOIO NOTOKA.
[pynnoBoi aHanu3 npuMeHANCA Ana onpefeneHuns ceasein
Mexay 3TumMmM haktopamu. B pesynbrare 6binu BbISBAEHSI
WwecTb rpynn (MM TUNONOrWIt), KOTOPbIE NOKa3aHbl Ha KapTe
pasHbIMM LiBETaMK, a TaKxe COCTaBNeHa Tabnuua, Aalowas
06bsAcHeHWe 6a30BbIM 3HaYeHUAM. PacceneHne NOXMUbIX
nofen B HupepnaHpax Bce ele CUIAbHO CKOHLEHTPUPOBAHO
B OrpaHM4YeHHOM KONMYecTBe JOMOB NpecTapenbix (YepHbiit
LBeT). ITH Xunble paiioHbl TpebyioT 0c060r0 BHUMAHUS.
PaiioHbl BOKpYT LleHTpa (CeBEpHbIiA, 0XHbI 1 3anafHbli)
MMEIOT MeHbllee KOIMYeCTBO MOXWbIX JI0fell Ha rekTap.
37K pailoHbl NoayYatoT 60MbLE BCErO PafnaLnu, CpeLHuil
BO3PacT LOMOB 3A€Chb CaMblil 6ONbLIOIA, @ caMu TeppuTo-
pumn 06WnpHBI (KpacHbIil LBET). ITW 30HbI TaKKe TpebyioT
BHUMaHUSA.

®usmnyeckas KapTa Tenna

Llenbto u3nyeckoii KapTbl TeNNa cTano BbisBNEHUE TeX
MeCT B ropoje, rae ectb haKTopsl, yCUAMBAIOLME TOPOACKOIA
oCTpoB Tenna. PerpeccuoHHbIi aHann3 NoMor onpepenuTh,
KaKue U3 HKecneaylowmx hakTopos CTaTUCTUYECKU 3Ha-
YUMBbI: HEMPOHULAEMOCTb, NOBEPXHOCTHAA BOAA, pacTUTENb-
HOCTb (MHLEKC NUCTOBOM NOBEPXHOCTM), 060104Ka 3AaHUI
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Social

Socio-spatial factors affect the vulnerability of residents to urban

heat (Mavrogianni, Davies, Batty, Belcher, Bohnenstengel, Carruthers,
Chalabi, ... & Ye, 2011). In this case we examined the number of people
aged 75 and over, the rate of mortality among this group in July 2006,
the difference between the mortality rate in July 2006 and the July
average for the period 2000-2013, and the age of the buildings per
hectare.The vulnerable group of those aged 75 and over are strongly
concentrated (in old people’s homes and care homes) in the post-war
districts. The above-average mortality rate during the July 2006 heat
wave shows a pattern that is more spread out. It is clear that there is
more to it than simply the concentration of those aged 75 and over.
Physical

To identify the physical spatial features that contribute to the urban
heat island in the city of Rotterdam we used three types of data: satel-
lite images, data obtained from the city council’s GIS system, and data
derived from a 3D model of the city of Rotterdam. The physical features
that play a part in the heat island show stark differences between 1)
port/industry/business areas; 2) the pre-war part of the city including

¥ TeHb. [PyNnNoBOI aHann3 3TUX 31eMeHTOB OblN NpoBeaeH
AN ONpefeNneHus v rpynnupoBaHus CBA3EH MeXAY HUMU.
B pe3ynbrate nossuaoCch BoceMb rpynn (uau Tunonorui),
KOTOpble BblfeNeHbl Ha KapTe pa3HbiMU LIBETAMK, A TaKKe
Tabauua, noscHaowWan 6a3osblie 3HaYeHUA.

06WHpHbIE TEPPUTOPUM, 3aHATbIE NOPTOM, MPOMbILIEHHO-
CTbi0 M GU3HECOM, UrPaOT MaBHYI0 Posb B HOPMUPOBAHUM
ocTpoBa Tenna PoTtrepgama. 3T TeppuMTOpPUM HE NOKa3aHsl
Ha COLMANbHOI TENNOBOI KapTe, NOCKONbKY TaM HUKTO He
UBET. B LLeHTpe ropoaa 1 okpyxalowux paioHax (cesep-
HOM, IOXXHOM U 3anagHoM) B 6onblUell CTENEHN NPUCYTCTBYIOT
(hu3myeckue haKTopbl, KOTOpPbIE ONPeaensioT ropoACcKoil
OCTPOB TEMNJa, HEXeNN B APYrux paiioHax.

3aknioyeHue

[loBoeHHble paiioHbl ropofa (CeBepHbI, 0XKHbIA 1 3anaf-
HbIit) B TOW UK UHO CTeneHu Tensee u 6onee NOABEPXKEHSI
BNIMAHMIO TOPOACKOTO Tenna, Yem apyrue paitoHbl PoTtepga-
ma. [TonyyeHHble TemnepaTypHble AaHHbIe NOATBEPXAAIOT
3TO0 3aK/II0YEHUE, ECIN PeYb UAET O HAPYXXHOMN Temnepa-
Type. Temneparypa B NOMeleHUM KONebNeTcs B WMPOKNX
npegenax. Kaxablii LOM UMeeT CBOIO AUHAMUKY, TAe 3HaYUM
nepuop akcnayarauum 3ganusa.

[peBblweHne cpeHero nokasarens ypoBHs CMEPTHO-
CTU Cpeav Niofeit B Bo3pacTe 75 fIeT U cTaplue BO BpeMs
aHomanbHoM xapsl B utone 2006 roga B Potrepgame MOXHO
06bACHUTD, NPUHUMAs BO BHUMAHMWE: a) KOHLEHTPALMIo
N0AeN 3Toil BO3pacTHOI rpynnel; 6) nepuog 3Kkcnayarayum
ZIOMOB, B KOTOPbIX OHU XWUBYT; B) CyMMYy SBHOMN TENNOTbI U
NpMU3eMHOro TeMJ0BOro NOTOKa.

/3mMeH4YMBOE coYeTaHNe TaKUX 31eMEeHTOB, KaK Henpo-
HULLAeMble NOBEPXHOCTH, MOBEPXHOCTHAA BOAA, pacTUTENb-
HOCTb, 060/104Ka 3AaHWIA U TEHb, JENAIOT OAMH PaloH Tensee,
yem Lpyrou.
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underlying values.The distribution of elderly people in the Netherlands
is still strongly concentrated in a limited number of care institutions
(black). These residential environments require particular attention.
The districts around the centre (North, South, and West) have fewer
elderly residents per hectare. They capture the most radiation, the
homes here are the oldest on average, and the areas themselves are
large (red). These areas require attention as well.

Physical heat map
The idea behind the physical heat map was to find out where in
the city the features that strengthen the urban heat island occur.
Regression analysis was used to establish which of these features
are statistically significant: imperviousness, surface water, foliage
(leaf area index), building envelopes and shade. A cluster analysis of
these features was carried out to identify and group the links between
features. The result is eight clusters (or typologies) that are shown
here on the map in different colours, together with a table explaining
the underlying values.

The extensive areas taken up by the port, industry and businesses
play a major part in the formation the Rotterdam heat island. These
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areas do not appear on the social heat map as nobody lives there.
The centre of the city and the surrounding districts (to repeat: North,
South and West) are more strongly characterised by the physical fea-
tures that determine the urban heat island than other districts.

Conclusion

In different ways, the pre-war districts of the city (North, South, and
West) are warmer and more vulnerable to urban heat than are other
areas of Rotterdam. The temperature readings that were carried out
confirm these findings as far as outdoor temperatures are concerned.
Indoor temperatures vary widely. Homes seem to have their own
dynamics, in which the house’s age plays a role.

The above-average mortality of those aged 75 and over during the
July 2006 heat wave in Rotterdam can be easily explained on the basis
of a) the concentration of people in this age group, b) the age of the
homes they live in, and c) the sum of sensible heat and ground heat
flux.

A varying mix of impervious surfaces, surface water, foliage,
building envelopes and shade make one area or district warmer than
another.

Imperviousness 0,80 059 0,58 0,39 037 0,36

Foliage (LA) | a9 | B0 | 57 | 114 | 1056 | %2
‘Buildingenvelope | 1261miha | 813m¥ha | 4260m¥ha | 130m¥ha | 663m¥ha | 732m¥ha
‘Sufacewater | 2% | 2% | s | ™% | & | 54%
‘shadow | 24 | 2 | 39 | | 5 | 29
‘qu+as | ssoW/me | 406WmE | 3rsWme | sawm | 36Wme | SuwW/me
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Results from the cluster analysis of the physical heat map.
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