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Abstract

Ongoing urbanization and climate change are intensifying health risks from urban

heat stress, particularly during nighttime . Ther ef @ar fundament al
understanding of the processes that shape t
becomi ng 1 nicmparstifehrgttkhye s hy est ngat esnal ur ban
i sl dMJHI nt enasnidt yt he r alieg dadfynamliadas i n mitigat.
heatetent i Tenquantify the magnitude of ther mal
role of | and use in shaping nocturnal mi cr o
and kialksceed mobil e measur ement sc awnayso nc osncdaul cet eddu
the summeri mhei2t0y2 4dSts.t rGedr gen /BBauwrrgeut h, Gern
Addi tional to temperature and humidithy cove
approach was mad e t o measur e turbul ent ol
Covariance (EC) system omharhaec tcearrigzoath iokne off o
exchammgecedovpeernsur e nesatrdtye sacemdiyt i ons, t he
and averaging periods were fitted to calcul a

homogeneous street transects

The results revsepadt iparlo nasonudh cteempor alocheat eanbge
t her mal conditions, with UHI. i BRbensi veebeata

indicate ongoing heat release from wurlban su

Despite t he short EC averaging periods, t
successfully captured differences in flux d
environmeret sspati al temperature patterns hi

bet ween ur bauwmr mad Iseicompilinggmtst,he di strict has

effecti-aier cwdrdti | ati on pat hways, wi t h spat.
increasing under radiative cooling condition
Thitshedemonstrates the complex interplay betw
at mospheric dynamics Il mr bsahna p¢ Inigmantiegsh.t t T me

measur emenivafdeeundat s onebfaoseedat adaptatesn str

supporting urban planning efforts to reduce
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Li st of abbreviations

Abbreviati cDescription

UHI Urban Heat | sl an
MWS Mi cro weather st
EC Eddy Covariance
EBG Ecol ogi cal bot an
LS LeersstracCe

RH Retirement home
CF Correction facil
AA Al'l ot ment associ
TP Tekirdagpl at z
GY Graveyard

WA Wil hel minenaue

SG St. Georgen Stre



List of figures

Figure 2.1 Left: Map of Bavaria (Germany), with
of Bayreuth with main area of investigation St.
reference botanical garden. Op.e.nsSt.r.eet.MapE, KBS
Figure 2.2 The net | ongwave radiation (outgoing

in dependence of the temperature difference betw
The dot ssmiamet ¢ enntervals (measured at the- EBG st
minute intervals of MWS K2 mmer ei and Mistel) of e
coded accor di'pnegr cteon ttihlee 905f gust speed. | sopl et hs
data points, while histograms displayatdeitrhai st
2K criterion by Schappacher (2024). The horizont

5 OWm-2, defined on the basis of the histogram distribution.  .............cccoo . 14
Figure 2.3 Classification metric for measur ement
Georgen were allocated after the metrics on the

categories é&urbbaenmd ,a-ssaddmigénbased on their phenot
siimarities. This classificQungpwmr agptpral@bé( ¥I@2 h)}dw
mar ked stations are classifieduadpadndrhbaddt hehél g

as O0epanedd (rwural). (Data fr.om..Ge.adat.enlBayern,
Figure 2.4 Set wup of the i.nst.or.ument.s..on.lie carg
Figure 2.5 Measurement route and micro weather s
SR G I o I o = I o 0 0 = U T O o P 19

Figure 2.6 Measurement route and MWS in St. Geor
homogeneous transects. The tramHgedta cdt@mudr (@D 2«
changed to fit the research area...Pr.aj.ecRon: ET
Figure 2.7 Normalized and f raengdr-eqnae gt mar fmed e dayn
s
r
e

Covariance analysis of the three measurement rid

Top: Power spectra of the vertical wind variance
(¥r (v)), wvarianc of wind component o6uds(OVar (u))
variance of absol uQ)e) haumd dviaryi( ¥deadd bf BOQAQ t o m:

covariance of the wind components 6wd and b6ud (C
components O6vd and 6wd (CoVar(vw)), covariance o
temperatures()CGoWwarviawT ance of thEeCovdan)wa@a@ ndi nd
covariance of the vertical windO)and..absoPBte hun

Figure 3.1 Time series of air temperatdroe at EBC
Augusstt Al data gap at 'BRBG 50r amtdll ydOu@ Oo c3clur r ed, v
explains the high daily méan..t.emper.at.ur.e2dn July

Figure 3.2 Duaian i minglhtf condli ti ons per night, exp
during the measurement op duigad t2032ddm (JourlayngBe t o bl
Nights with at | east 50% of the measurement inte
classifi-adrasaigbtd. Tropical nights are mar ked i
(autochthonows rdanyi gthtogolad e wma.r kEBlde i mod nigmg dfi tF
air mobile measurement ride is circledniitni obnlsacKk.
provided in Chaptl.er. . 2.2 . 0 e 25



Figure 3.3 Mean diurnal course of air ®Hemperatur
EBG) with standard error during cold air nights
The shown time frame is 12:00 CEST of the given
LT G S o - T TP TTTRTRTRRPPIN 26
Figure 3.4 mean diurnal course of air ®BHBemperatur
EBG) with standardccelrd oai rdumiignhgt smo(nn=27) within
period. The shown time frame is 12:00 CEST of th

CEST h e N e X @ Yt 27
Figure 3.5 Mean diurnal course ofoEBG) tWwemperatur
standard er-dayso@n¥UH) during the mdas Arrgmerit per
2 0 2. i —————— 28
Figure 3.6 diurnal course of air temperaxtxiuse dur
showing the time of the day faaxom 5howdngoth2: @0 r
temperature with a dashed | ined at 20ACas which i
tropi cal... NG N 29
Figure 3.7 Mean diurnal course of the morning he
and 12: 00 CEST with standard error after the 33
the time frame of the sunrise during ethe researc
respective colour indicate the point . of...Bidxi mum
Figure 3.8 Spatially and temporally detrended an
three measuremeqaxisi depresSkeaeats the distance fron
calculated using the haversine formula ttioom,ccoun
the stopping points next to thexMWSsbowsi bhe ar e
temperature, with horizont al |l ines in correspond
temperature .0f..each. i de 32
Figure 3.9 Deviation from mean correctdo@€8: 80r ten

CEST, detrended to 03: 00 CEST; pr.oj.ect.i.oB3 ETRSS
Figure 3.10 Deviation from mean va®ploor3@pres$Ture d
detrended to 03: 00 CEST; projec.t.i.on....ETRS89 [/ UT
Figure 3.11 Relative humidity during the three n
corrected and detrended air t empaexriast urreep raensde nvtasp o
di stance from the starting point, <cal cufloart ed usi
the Earthds curvature. I n addition, the stopping
y-axi s shows the relative .humi.di.t.y..of..t.he3dhree r
Figure 3.12 wind vectors of direction and speed

with relief sfhaacdtionrg 1(OwWi tdhu rzi d0g3 :t3h0e QE SdTe. O0@n:11ly5 da't

windspeed'weOeb5umed. The maxi mal windspeted durin
The data were averaged over 4 second interval s,
complete stop was calcul ated. Along the route, t
arrows, and the station means are indicated with
O I Y o T o I = S 36

Figure 3.13 14nLefatp: oZoWWmnédhel mi nenaue of Figure
ETRS89 / UTM zone 32N. Right: wind rose of the N
06: 00 CEST, showing the frequency of wind direct
C Ol O UN G L0l 36



Fi
s h
st
me
| a
Fi
s h
st
me
cl
Fi
s h
st
me
| a
Fi
t h
me
re
cl

gure 3.14 Sensible heat flux densities@axats t he

ows the different | ocations along the measuren
ationary measurement, where the bike was parke
asament, recorded while riding. The data point
nd use classificati.ans..s.hown..i.n..Ei.gur.e38. 6.
gureL38t dmdt heat flux densities at thea®2s00 CE
ows the different | ocations along the measuren
ationary measurement, where the bike was parke
asurementidungngThe data points are colour <cod
assifications s.hown..i.n..Fi.gur.e..2..6...... 38

gure 3.16 Turbulent kinetic energy ataxibe 02:0
ows the different | ocations along the measuren
ationary measurement, where the bike was parke
asurmame recorded while riding. The data points
nd use classificati.aons..s.hown..i.n..Ei.gur.e392. 6.

gur eC3@f.l1lwux densities at the 02: 00-aQEST smeasur e
e different | ocations along the measurement ro
asurement , where the bike was parked, and with
cordeddiwmg.l eTmé data points are colour coded a
assifications s.hown..i.n. . Ei.gur.e..2..6....... 40

VI



Li st of tabl es

Table 2.1 by ATMOS41 station measured parameters

accuracy. I nternal fitted on the..aggtlt.egallilon int
Table 2.2 Locations of Micro Weather Station wit
| ocations are al so npr.es.ent.ed..i.n..Ei.gur.e..2.18.

Table 2.3 Measurement devices with measured par a
(LCOR, 2025; METEK, 2024...SBG..Sys.t.ems...202%Z5)

AR I






1.l ntroducti on

1.l ntroduction

l1.Motivation

Against the backdrop of increasingly noticeable impacts of climate change, the

need for adaptation to rising temperatures and more frequent and
w a v éas become more urgent. The most recent report of the Intergovernmental

Panel on Climate Change demonstrates that global warming is not only continuing

but is already causing significant shifts in climate and weather extremes in many

regons( I PCC, . 2023)

These developments coincideThei tph opemogoaploif ¢
i ndi viidsuasitseadi | ¢ her oveistn g r n.Od idweirl ipseatpiloen as w
young <children are most | yanaf fsuwftfeedr bfyr ohme aa
t emper astourtensat these cli mheadchacge ademdamieas t
(Kl ein Rosent hal Adedti t a bdhiad | 2yddedn)goitme nd of

urbani zattons expected that around 66% of th
urban laye2a@B0ited Nations Department of Econ
2014)Thi snnldi ft s twartdebas ©todéi mate pghendmbdbraa I
Heat | sl| albfdf dfdetlf f ect deéeiecrtiebmgpserature di ffere

urban areas and theiDemaubilaplrteasr wubhdti hgss ve

and more concrete |l ead,tespeghat | ysd ddker,agum
198.7)

With its geographical | ocation in Central E
zone between the maritime Atlantic climate a
positioning exposes the region to both humid
maki ngaritti caul arly sensitiveBawardlai, maitne pvaarrtii
experiences stronger impacts of c¢climate chan
Ger mabye atostance from moderating oceanic i nf
ef fects of npboounrht atihne rlaoomges and t he Al ps, cli
heat waves, drought s, and intense (po&enpit e

200Theaumbefotiayasver agedGarcmasas al most quadru
since t h(eDeludtbsOcsher We't t.elrhdei ernastte, o020 QwWa@®remi n g



1. Motivation

Francdmhea region ar duagpBayri éatbikrmleyisg l ehra n
t hel obakr @@l onkaltly.5b

Whi lhee tUHI i n Bayreuthi haestail geveegrathjeemt s

di f f esri & rets thpescisffioaddaplsleys on t WheBuSitgp.stiGe et gen
t he reamt hpdrhte @i Gy ken, 2007; Schappacher, 2
Tschuschkd,n 202X of the i naruea stion gc |hiejaatt es tcrt
codadr fl ows abalhpebeeaf research i n Bayreuth
cont ext, efforts are being madertaeaopreserwve

facilitate the inflow of cool er air masses |

Il n addition to existing initi ahtasvteasr,t etdh ea nmuen
projoend evel dipeiatg adapti o(nStsadtatRay reehe hwo r2k0 2 5)
presented inigdghiscltiheesd sto suppordtecicoensense
regarding urban devebopment ameasteasi on i s p
heat stress, which pos e sBescikgmainfni ceatfhal hreall 20h2 :
of @alrdinflow, the spatremperdatsume bdiurniomg otf he

t hearly miomramswei eni nvestigated in this cont e

Thitshesakes a novelcoammmurowodbarilg eb ymeasur ement ca
to determine ,f ltuhxe rdeebnys iptrioevsi di ng high resol u-
and turbul eht uxdersear gtyhi s agrubBdpdoydey, ar i @EQ)C e

measur edrenmiwvaeno untoend a mobi | enapgdrgo bikeor sl | owi ng
flux measurement s t o be conducted al ong d
StGeorgBwmra@gi strict. Thi s approach enabl es

characterization of turbulent exchange proce



1.l ntroducti on

1. Rheotri cal background
This chapttéehie t hebdboendeafi etnlsesifsocusidgl on th
effecdolacdhdair build up, Addwtapdapgpteopwmudlest iaor

introduc€i on to E

1.2.1 Urban Heat | sl and Effect

Especially mniughtognthe othls®@r vedban areas hayv
temperatures than theiTherteam ddovbraroumeiangd sl
has been established for this phandmeaemea, a s
seacobler rural(QGke,r oLM&9i)ngt ensi ty of the UH
defined as the temfYrbaettuweéeh ediufrfbearne nacned t he r
with the urbanYteaeampenatturmrar alYt dimiper at ur e

9

yYy v 0% (1.1)

The UHI defiomnimuiliengeihseway @ ur s ue tthheantu Idteiap | e
typebHbf exdesppendisnpgecaridarcact er ids ti veysn dainfdf er e nt

energy exchandgle pirmtcerssietsy so fk ntotwsmc tddd sl e r

conditions of | ow wind speed, reduced cloud c
dur isnugmmaemduri ng ((nArgmftisel.lMor V81 , i tt deepend
urban f or m, tphdeuti il dilnagr Ildensity, as well as on

consequently, (iOke,pd@wl3gti on

The UdHdvelfopopsm changes of the surface and at

hange in enéeORgg bal abucrg n2g0 1t7h)e dawpdi BihSC O Mi N ¢

o

absorbed aas enm®yegewWypi cahbterialsdbaoh as asphalt't
stone due to their | ow alAtednoi gahntd, htihgeh shteoarte c
emitted as |l ongwaviesrpdiatyobhpdempedistreet c

contributing t o el evated Fiug b hier meduwcechp er :

veget abvlemads ¢ ool ies @ etvharpooutgrha ns pwhmdad ii toinon al
ant hhropogeniciheatasepbbbkbeperalAurei ght, t he n
di ff erbeeroveesen rur al and urbwrhearsdgsidr e adrnil vy

storageaegec ha®g, mef | etcha nrgel ease of the energy st

as well as the persistence of anthropogenic



1.Rheoretical backagr

This rel atainomehiep pirheasrsfealc e ener gy bal ance:

o 0 0 0 0 Y0 (1.2)

@af therrnfi el d, 200
Qenet radiative flux (longwave + shortwave)
Qu:sensi bl e heat fl ux
QE: | alteeantt f | u x
Qeiground heat f 1l ux
Qant@ant hroplbgani tl ux
as:St orage change term

The alteredxesaairsgy cthlanges to the planetary
This effect is particularly pronounced in co
|l evel s of radiation. Depending on the | ayout
intder ban mixing | ayerfddeML)ahemel(Ban, roughn
subl ayemandR®lE)homxyan aye(rKytutCILer & Weber, 2023

SL a WML together form the UBL (urban bour
characteristi OMlbbfcantciinwes Téhlkeove t he RBL (ru
downwaeadan urban ptemet adik amund again far
the city under the right flow conditions, w
can also develop outside the city. The UBL a

jumps before andpatten bMhKuthteliden t& Weber, 20

The research t akW€kofplBaacyec eiars hitnfigpdné | owest par

the RSL, extending from the ground surface U
to the | imited convective and radiative coup
canopy and the RSL above roof | evelistihrctUCL
mi crocl i mat e. However, these microclimatic

di ssipating over relatively short di stance

turbul ent Fmiigiemgvi nter. et al ., 2012)



1.l ntroducti on

1.2.2 Cold air flow and accumul ati on
Col dfar matypinoalcluyngder anticyclonic weather
calm andighe@he cloocdimbseaedswi th | ow wind sp
the nadiea cHionshmogr t wav e irsaedg lait@gBolBSleur i ng ni ght
and hel eakgondi resnséni nimalmospdewnhwdmoagwave
radi a(th) phe 4wang r adiadtainerp o6 BiLbyvTehil se atdo

a net energy | oss at tchaeu sHHasr t dhd s( Btua kealc,e ,2 Ow2hl
Thomas & Balblele, |20 2Wi nd speeds provide no ef
ai.Tfer eftohree,l i mi ted mixing prevents the turb
down to the.Tchhelr asdiirdtaicen bal ance of the sur

s hown(1.3).n

: (1.3)

C

W8 W B Y

Sbdownward shortwave radiation
SBrefl aptwad dor t wave radiati on

L Bownward | ongwdevnei trtaedd abtyi dant mos pher e
L 8pward | ongwatenirnacdcidatbiyorarth surface

Qzznet radiati on

As a resul't of radiative surface coatlheng, a
groubded o its higher density compared to the
cold air accumulates close to the surface. O

dri ves a-i gduacve d ,y-f alelr o W&ii mg downsl ope mo Vv e me

referred to asw aork adialbadtiridciHifaldga | |, 2021; Hai
Whiteman, 2005; Thomas. & Babel, 2022, 2023)
Cotlad r f |l owse sepnitaryalae i n urban cool inignighas t he
i nt ens henyi gddfd | t By | owering nocturnal air te

that the morning war mi h@asetdameentf hdary tai nteo o |
temperaaurd@dBa nce urban devel opment and dense
bl ock or weaken these fl owsg;aiirt ciosr reisdsoernst iianlt

pl anning stmaatnetgaitehse ntgo cool i( Fg keuonc RiOOT)



1.Rheoretical backagr

1.2.3 Eddy Covariance

The&ddyYovariance (EC) met hod 1is a micrometeo
guantify the exchange of heat, mas s, and mon
homogeneous surface and tWbredaeruechonydintgi oantsmo st
net transport bet ween the surface and- the 8
di mensisanfadt verticalecsdh wkeeadé&msimt t he covari
bet ween turbulent fluctuations of the vertic

vari ghhetity dqfAuibntnenrestt al ., 2012)

The calcul atiomeqfuitrlteesss es efvieur pds aissetmpet oals. ,
Foken & Mauder, 20240Db)

T Steady stateamcdnidortii Dot alarhremaugmendeihtey
at mospheric boundary | ayer

T Ti me seaemd ewalrwe sdecoumpiotsiped Reynol ds decomp
i nmean and f lcoampuwateinn ¢

T Raw density or mol ar conarealtysadern cosver omm
i npoessure mnxiamgamati os (mass or mol ar)
due t o temperatur e, pressur e, and wat e
corrections) .

1T Density fluctuations are neglected except

approximation) .

Under these abBsuwmetiional fl ux F FEheeatc,. )waits
calcul ated as the mean of the product of t

the fluctuation of the scalar (xZ) over a ¢

(1.4)

(Foken & Mauder, :

Herkeetfluctuations are expressed as deviati ol

O 0 U0 and w0 .



1.l ntroducti on

1.8@bjective and research question
The objecti ve toof qtuhainsteixfyeassa nsd tiesmppeearrattwrrbeat i on
duritrhngei ghtt @qmanti fy the influence hef reclecaraih
site St ./ Buaogrsgem cthe city.MefteBaypimeagisiuales

wer e madeaedtheectunder | yi,ngwiptrho ctehses efsocus on air
vapor pressudreensand efsl,uxThe meteonothbhgi cabkbean
area wwetermined at two di afepetewodr kpati ml cs0a
stations distributed/Buamgdgmobtit!| 8§t me&sar gman
street canyonl hwisateabuasseed . used to investigate
research whedétwidons n combination with the pr

state of ,kntoomktehdege ch qubgpobhesasd

RQlHow does the UHI effect mani f est spati al

during summer ni ght s, and how do different
influence nighttime heat retenti on, mor ning
nights?

Hlalthe i ntensi teyf foefctt hies UHr eat er i n areas wit
and | ess vegetation, particularly wunder calnm

i s mo st pronouwrmdadnadtrtisngt hat ar e preceded
autochthonous conditions, as |l imited atmosph

retain more heat overnight.

Hl1bMorning warming rates differ depending on
observed acr osuwsr buarnbanagnds ermir al environment s.
sunri se, rur al areas warm up more rapidly

shading and morwhiocphe nalslpoavw efsoirn dqwk ecakteirn gs.ol ar

RQ2How frequent!l y-i dducreadii @dIndght s occur i n
during summer, arad rhaw acamamgeolaschd accumul ati
How do topography and meteorol ogical condi ti
are sensible ahdx|l deasttiheatdifstri buted in

nei ghbourhood during cold air nights?



1.Bbjective and research

H2aDuring radidatcieahn colnd ght s, temperatures i
| ower than in urbasatzwmati omnwi it éal anteiawe humi d
these rural sites due to colad raidrr apionoalgiengp.attf

closely fobhl owopbgrhphy, resulting in direct

accumul ation in depressions.

H2bSensi ble heat fluxes are higher and gener

ant hhropogenic heat rel ease, whereas in rura
accumul at es, sensi ble heat fluxes approach
ni ght. Latees heatuflal areas are expected t
nights, reflecting condensation processes.



2.Met hods

2. Met hods

The measurement s for t his thesisdiwemé ctper f
StGeorfgBwmrgas a part of t heGeaiftadyd pAdDf5 BAE)B 8 ut h
(Fi gur2d), Bayreuth mesdi samz ecdi t wi t mpproxi mately
700nhabi aadt st odrada okind (6BHayeri sches Landes:
Statistikhei20g4d4duanea wide valley, sur,rounde
withehevandmqpeboftOM.The St . /@euodrggsetnrm ct he

northern part solfi gBhatylryecueehmp sitest Hd r esc¢ci bt t he
comprominsesndustexténrsaseiadent igaleeamed s pns wit
veget atrioumd the school ,anas twaedilg rcast @aypaad

adj adentt he correTtThe odi dnmmiint tisityp @ e & d dwairtkh

cobbl esswthoinnee mahe!l dEui | di ngs are coamsdgtucrned
(Fi gwne
As rural ,r etfheer enmectee or ol ogi cal station in the

( EBG) of the University Abf h d3wugh ebbd batwads wis
munici pal boundaries of Bayreut h, t he gardet
unaffected by urAtant hset rEB®G u iS&iattd mme rtalteur e |

measured i nwkRtalFmainkktmnber ger .Psychrometer

50
—

119330 112360 10380

e

g T £ 3 > 49°56'N
¥ 2 botanical garden
; \\ﬁ\ f L
0 50 100 km L e ; i : \\ f

Figwrrlieef t: Map of Bavarimavd Gteisgnateiy Bra y Wi Lglbhh Cit
of Baywiwhah n area of i nvestniegiagthi boonarm3do.cdGe or wreanl
reference bot@mermc8tr garBidem= WGS 84

Tar\ il

509N = - — - > z




2.9t ationary measurements

Thei meer ioddumeasur emeondelsul y and 2A8A84uming to

capethre mawxmpmot enlteatl stress f orAstithies rgern ided
typically represents the warmest part of the
comprehensi ve assessment of exCommenuobhser |
measur ement s wer e trdlueni fr Amsgd Ta#EtywnBnt h

ti meframe provides at os ufdfeinctiiefnyt bdoattha pbearssi st

shotregr m weradlhaetred w.ari ati on

Il n thistwdamdyl e memd asyr ement apprapagd hmeesd wer
didr ent spatticma ptsicead eevweratt her eFemehgfedyl |

aut oemdltosigermi cro weat hgrMWSWwateonsnenatl 1 edt

| ant eamrmds operated continbhewns  imeatshiremgmaoutper i
Second, t hese stationary observations we
measur emaentsel ectedngagscargo bi ke equipped
instruments at a measur ement height of 1.60

data coll ection.

2.3t ati oneasyrements with MWS
For continuous measurements we used eight micro weather stations. Two stations
were already set up at St. Georgen and at Wilhelminenaue  during the MiSKOR
Project (Minderung stadtischer Klima - und Ozonrisiken, 01.04.2018 - 31.12.2020).
The aim of th is project was to quantify the urban climate  and ozone pollution risks,
in particular, to the inner -city distribution in order to reduce the negative
consequences of the UHI effect and thus reduce the health risks for residents
( Thomas et .Smde 2021, tédn2icto) weather stations have been operated
by the Chair of Micrometeorology at the University of Bayreuth.  The MWS
(ATMOS41 ) with data logger (EM60G) were installed at street lanterns at a height
of3.5m( METER, .An@riuged MiSKOR Station was moved to a meadow next
to the St. Georgen graveyard, on a 2.5m pole. All MiISKOR data is logged to the
bayEOS server of the University of Bayreuth. The remaining six stations
(ATMOS41) with data logger (EM60G) were additionally set up at selected street
lanterns in the St. Georgen neighborhood at a height of 3.5m . The data is logged
to ZentraCloud ( MET ER, . RlIGtati®rs log the data with a five-minute time
10



2.Met hods

resolution as aggregation interval. The gust speed equates to the highest measured
wind speed during the five-minute interval.
The parameters measured by the ATMOSA41 stations can be foundin T a b 2.2

Tab2kkby ATMOS41 station measured parameters
accurlanctyer nal fitted iomt e¢ethMBBER,r 223@G19 ) n

Parameters Symbol Unit Resolution Accuracy

Air temperature T °C 0.1°C +0.6 °C

Solar radiation Sb Wm-2 1 Wm-2 +5%

Wind direction a ° 1° +5°

Wind speed u ms-1 0.01 mst +0.3 ms1 or 3%
Gust speed Uc ms-1 0.01 mst +0.3 ms-1 or 3%
Relative humidity rH % 0.1% +3%

Vapor pressure e kPa 0.01 kPa 0.2 kPa
Barometric pressure  p kPa/hPa 0.01 kPa +0.1 kPa

For this thesis the following meteorological variables were analyzed: air
temperature, wind direction and speed, gust speed, vapor pressure  and barometric
pressure. Depending on the station configuration , either relative humidity or vapor
pressure is recorded. In cases where only one was available, the other quantity was

calculated using equation (2.1).

i 0
(2.1)
b w

For this equation saturat ion vapor pressure es is needed and calculated with the
Magnu s formula (2.2). With the vapor pressure and the barometric pressure, the

specific humidity g can be calculated (2.3).

. T P TY (2.2)
R S ST T
Q (2.3)

n T@CW

11
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2.9t at

ionary

After a testing phase, the MWS were set up with the attempt to cover as much

urban heterogeneity as possible.

It should be noted that the station at

Tekirdagplatz was only set up during August. Accordingly, in all subsequent plots

covering the entire measurement period, TP represents data from August only.

The locations of the MWS are shown in the following table

measur ements

(Tab2ZandinFi gur e

2.5.
Tab2ZLocati ons of Mi cro Weatheopt & theeteiasaint lew ihte h
| ocations are &ligakberesented in
Station Coordinates Description
Leersstral3e (LS) 49.95628 N, residential area with
11.59522 E detached apartment
buildings
Retirement home (RH) 49.958430 N, next to a construction
11.591167 E site, adjacent to a lower
major road
Correction facility (CF) 49.95541 N, Between west entrance of
11.58550 E the JVA site and
agricultural ground
Allotment association 49.95573 N, at the Dbicycle lane
(AA) 11.58280 E crossing the allotment
association gardens
Tekirdagplatz (TP) 49.951298 N, Square next to
11.587181 E Brandenburger  Strale
with trees (only August)
Graveyard (GY) 49.95153 N, Tripod at a meadow
11.59290 E south of the graveyard ,
next to bike lane
Wilhelminenaue (WA) 49.946492 N, Bikeway in the
11.597678 E floodplain, next to the
dam
St. Georgen main street 49.953974 N, In the middle of the
(SG) 11.592077 E densely built main street ,

Botanical Garden (EBG)

49.9247222 N,

without trees
Measurement tower on a

11.586389 E meadow, surrounded by
trees, close to a pond
To ensure the proper functioning of the new
possible biases, the stations were placed n
Botanical Garden for app2éxidmatel2y02dne wWhbel
enabl ed a canmpearmesassruroefd t emperature and humi
data from t hel hieB & otmpvaeri .sassn gnh doweadsnti n humi di

12



2.Met hods

at the GYTBeé atcioomesponding comparison pl ot

appendigure A. 1, Figure A. 2).

Since it was not fully po$stithkealtoeadygusett b

a temperature error caused by a malfunctio

Wil hel minenaue station was | ater identi fied
campaWwWhgnl e this issue did not affect the ni.
station was subseaguetnhtel yr usreallecnt efder ence i n
comparability with 8Sphaek d@skzidmeaolslt utdlyr @é Mi S K

stat i( &1Gs WAWiI IGIY) be excluded for any humi di f
anal ysi si daemutei ftioédomi asdé&snowmn mprarerds t o t he m
measur emeiret sc.orresponding comparison plots ar

(Figure A. 3, Figure A.4).

2. INight <classification
To classify the fanalfydrettdaeinliegdhtisnvesabpgati on
situatnotoesagaol echi ghts, tropi carl madrme tech ptdd minc

thresholds and criteria were applied for eac

Fothe identicbl-diartiigohttihsef crestteabld ySkcaddppacher
024wrpr@ppd aed adalptadal ysis arms diampdr atur e
gradi et sseen -aa-ircfoll Wenced niamfdl useenoed MWS i n
Bayr ewitthy esauppl emented bhtyogessurs@eladw wind c
The MWS K2 nnnoecragied i n theoa&ait gbicedadifrd ows
whitkbe MWSsisiltumteexd to the, rimen droaidredagier
pathis influedteddibyt dmheen bet weenapptbxsmat e
lk mThapplthlrdesaokdsi nianurm t e mpeirfaffaoen2ze0 K
and maxi mum gofti@slpmpeed he Mi sfTel essatrieonhe f
on nocturanal focoolnmati on, the time perCiEGAd betw

was chosen.

Tocompl| emendtef itrhe s cl asmeédsorméments of net I
radiati on ott atWernEB&ddedi @asSiiaocne lad bru islug

when rtehremost |l y outgoing upwar dadndomgpwarvaediraad

13



2.9t ationary measurements

remi sgireom cl oudg,osiatlidvieggwaadi at iexmppecBegd.
combining both critertihee itrhraesjhoi dt famal yanigw,
was derived from the data distribuwt(fioguriea a
22).A night was c| asisri fnieglhtasi fa atolldeatit m& 0% o
fulfillcedtkot la.

M

Gust Speed Mistel

o
=]

50

net longwave radiation at EBG (Wmi?)

Temperature difference Kdmmerei - Mistel (K)

FigweRredghe net | ongwave radiation (outgoing minus
dependence of the tempertahardWS i K¥rmmemeaeie Tmd wiies
dots teamenuitet ervals (measured at the EBEGQG-vetatio
mi nuitret ervals of MWS K2 mimherae¢il amnmdhMisst eclod wluy and
codaedcordt hgS"per cengubé slpsecepd et hs indicate the
data points, while histogr.@ame deéspilmdtilddtelb® di st
critdeodnlScomappdcOh2eZrhe hori zoepakshiehse sdhto O 2L

defined on the basis of the histogram distribution.

Tropical ni ghts were classified a(cDeeourtdsicnhge rt c
Wetterdi emnhsitc)h defines them as nights with a
20 AC betwd&dCand: 080TCOhH s waadsapt ed cthoosteme

ti meframe CAISTo OEGSQ@ Deut scher WetteThkienst,
criterion was applied to &BudgWSt o ;i dtehnet | $ty
tropi cal nights in general and to assess tl

research sites.

14



2.Met hods

Nights selected for e X a mimaigmg twedree ntalxa snsuinf i
according to theEfofl bivengi ght 5 e Ranidr tcor inteeerti o
(see above), and the preceding day was requi
accordbpgkogskad AN aut ocht hiomotulsi laytdedy ned b
predominanht bytgdiagi ve dawandadigt iboonsh day and ni
as cwl mdonditions du(rd< ng. 3.Mmt o apnt hwoenaot uhse r
conditions characterized by |l ow ¢l oud cove
atmospheric mixing and therefore enWande t he
and cloud <cover are key factors influencing
advection,whioctle sisdersitwa nt emper ature differenc
and rur alOkaer,e.als9 7 3)

21. 2and use classification
To be able to make more precise statements
wit htihnei ty and their effect on tthhee MWSs pveecrtd \
all ocavbedhree diffedemnbaonattsiemi annd open sp
(Sungur et . Tahle. ,di2f0Of2e5r)ent i ati on was |bb@sedl on
characteristi &s goi3et he MWS (

Stations Leersstrale  Retirementhome Correctionfacility Allotment Association  Tekirdagplatz gaveyard  Wilhelminenaue St. Georgen Street
Land Cover Type in %
Pavement 85 >05 60 50 100 30 10 0
Vegetation 15 <5 40 50 0 70 70 10
Water 0 0 0 0 0 20 0
Building Coverin % 65 60 50 20 80 20 <1 70
Building Arangement inrow inrow spread spread inrow spread isolated inrow
Distance to building 1,7,18 0,30,30 4,6,24 34,45, 86 14,21,21 31,103,134 88,134,135 2,13,16
mean distance to building 9 20 11 55 19 89 119 10
data analysis

Fi gu23eCl assification metric for emgatariegmesSit . st a
Georgvemr e allocated after the metrics on the |e
categories bwmrham®, aMbpamdedédn based on their ph
simil aThits esl. assi fi ¢atdioph eaSmprrguarc (@ 3.Fhe yell ow
mar kedonssatrae icl assifi edr asn an dsurddlsa MiGearigd t he bl
as O6-epanedd (Oraurmadferoadmt en Bayern, 2025)

2. Mobile measurements
To compl ement the stationary observations, m

using an i ncdanrgioceyncleed. Thehobj eawnpsmetgamfcaptur

15



2.Mobil e measur emen

the spatial vhr mabe ineatnyds om&d p ecaoilrd f | o-wbsr col
accumul ati on, and fl ux densi ti elsh ewaistehisnt utdhye
was performed duri ocgdadanipgrhotn ofumac ebd"A o ¢ s t

characterized by syhopdaliecamciosikdiiend nds speeds
approxi masgeDwr ilngn t hi s meéegé&tr e me bct oknedweartee d

00: 00, 02: OCES®&Enda®6d4e66 nocturnal dynami cs,
additional CESF oarcap2udo@ the transition to d

2.12Bi ke Set wup

The carguasbielqaewiptphedan ul tr asom@itc aamemcmg teane r
hight o&and.I&ORK pen path gaeasa amed syssreement hi g
135m. The instrunfeintesd wegiademsen det aclpdkaltd or m
Fopositioningdatdi mertt oal navi(glBiysrn egny sai & rh

t wo antwansnaesmpl oyaddition to GPS data, the | N
and orientation, which are essenti al for the
fl ux cal.cAdllattilbrnee i nstrument s werwd t o ntrheec t

Smartfl ux3 usmynstngm f or t he anemometer and the

t he sbgDatf@wabtodgdier | NS system. Al dathactwer e
| ataelrl owed the collected data to be synchroni
spati al i nDeosrctna tpimo nmor ec det aeli frroiughurdea n d
Tab?23

The sonic abnseonrotmtet @miaenndt atthh eo-mak V& reett o t he

direction of bicycle movement. This configur
mot i-ioomduced wind component from the measured
addition, movemenltN®lerte cuseedd btyo tchoer rect t he s
dat a, ensuring t hat t he reported wi nd spee

at mospheric signal

16



2.Met hods

METEK Ultrasonic
Wind Sensor uSonic-3
Frequency 20 Hz

Sonic temperature, wind
components

Licor Open Path

CO02/H20 Analyzer LI-7500DS
with SmartFLux System
Frequency 20 Hz

CO, and water vapor concentration

Triple Band GNSS Antennas
with L-band
Orientation points for the INS

SBG Ellipse-D
RTKINS

GNSS System
with gyrosensor

Figrid&8et upioafstrhenents on. the cargo bike
TabR&Measur ementwidehvinteeassur ede gair agpmed eos t.he
( LCOR, 2025, METEK, 2024, SBG Systems, 2025)
Instrument Information Measured parameters
Ultrasonic METEK Ultrasonic Wind Sonic temperature
anemometer Sensor uSonic-3 Cage MP with | Wind components
2-axis inclinometer
Frequency 20Hz
Gas AnalylLicor Open Path |CQconcentl at
CQ/ D Analyzer water vapor
LEZ500DS witlimBSmconcentrati ol
System
Frequency 20Hz

GNSS system and

Gyro sensor

Logger

Energy supply

SBG Ellipse -D RTK INS with
triple band GNSS antennas
with L -band

Laptop with

Smart flux 3 system

Power bank s, Din o Kraftpaket

Position, heading,

alignment

17
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2.Mobil e measur emen

2. 2Ro2ut e

Theour se mefastume@ ment rout e cpdnbcienveédh tMWE h t he
was ntendedapture the spatial het er oglehreei ty
route had a | ength of approximately 18 km an
With a speedtaoim &sbpomrdsdrement ride took ab
During the ride, the bike was stopped for ap|
This all owed for a direct comparison bet we:
corresponding stationary dat a, as well as a

bet ween meagswakememwths | e st ant inbonaroyn.ver sus i

Themeasurement ratut B8&ERar ttecee rnnorpgéhr tSt . Geor ge
andcdheadsoutihr ough part of t e itrausftirrisatl NMNW.
Leer ss,t rlacCega tt dvddre t & cbhueidlets i dena AL ear ghbédest op
routenti nuetdhrweusgth mor e zopegewddrhtei arlet i f ement
Ssituated ctoonsa r ac menodmaj et r efdhte. next stop was
correctionr eaafihtaditdysogt hr oug hr emoircekent iaald ar ea
a main.Bnometfthlee erpoructcecewedsed t o the all gt ment
foll oavi bg kswwayd edt riey\ct er wa rtd spdatstsreo d qulr t her

residentiand vao emai n streets (Markgrafenall e
StracCelNekirdagpl at z,.t hFer ornrowt beasatl oag bi keway

border¢debyameaadawlj acentt he g,r avelylaowed by 1
vegetated r eslideddtovwynl teor edde Wil hel mi Qenabe f

way brmacrktihe routde ldresssed y built residenti al
garden spaces, passed along the cemetery, an
of St. Georgen with dark cobbl estone pavemet

returning via Leer gbitgul@®e to BayCEER

18



2.Met hods

49.960°N [

S ’_; e
& Graveyard %

W

vl

S r Projection WGS 84 / UTM zone 32N
P b : S S8 \ T T e e e e
11.585°0 11.595°0 11.600°0 11.605°0

Figu2® Measur ement rout e and mi cr o weat her st a
StGeorgeBur g

2.2.3 Postoprobsesesvagions
For the processing of the mobile measur ement
mot i-coonrrected flux densities and tummbduluent S

version &¢8pdloped by C. K. Thomas, was empl o

several corrections and f i IRoerr ifnlgu xp rcpaclecdual raetsi
mot i-coonr rected soniwd naln eemoetrestresrot ated i nto t hi
streamline of the uncorrected I NS data, alig

wind direction and ensuringcdrmmpdndmate rimeesan Vv e
addition, a spectral c or r efcrtei goune nwcays raapnpglei efdo
t he met Moadr(lePf8,&a)nd cal cul ated frequency <corre
than 1.5 were filtered out to avaéaddiovenastly
data aibédta rot,atwhinchnignei abbes tLBA welre, fi
oufThese preprocessing steps ensured that t h:
statistics accurately reflect atmospheric co

mo b isled . up

19



2.Mobil e measur emen

As the ultrasonic anemometer mMegoascuwhei sc ht hcea ns ok
approximated with the, vilhe val r t ¢ ejtpeatbeiue e
cal cul atalkeaed speci f { Eq b asq@d.3danrt (2.4)) .

- Y (2.4)
p T T
(Foken & Mauder, 2
For comparability of the measured temp-eratur
hour ride, the dat &yawmad stp@dtebterletredmapdo.t amp or al
detrenadimai nt I n ti me -t ¢ hoefs et teo mehaes ur ement r

chosaecncortdomgc h the relativeiahirnt émpert atmer & 1
t he measur eonfenatl Ir iMVS (except TAGY¥Y) GW¥a s taali ownml &
excluded because of its |l ocation qgn wthhe eopédre
bi kewaday nweisglt h a tFruadlhiemrenhoer er,el ati ve valtwes we
2s resolution by OAfettaeresthatighdomean of all
temperatures was subtracted fromFbobhesapati te
detremhinvgr se square di st ainacweal wei o hotre de veearryr ¢
measur eme nwta svaallcuvelFa tr st Hayi,st ance bet ween every
data @podntevery MWS was <calcul ated, secondl vy
relative val uefsorofeatchhe tMW® step depwaasdent <
presc rTihimad | rel ative ivarlasse avti it \weetrwese i sguhnt nh endg

upand subdfrmaem t he raw me as As e metnrtdi ¢ ha r e e

Equat(2.9.n

P
Q

WOAO6Q WOa6Q a (2.5)

P
B Q
(Babak & Deut sch,
1-7numbeMWS
d: di gtmdnce

r: rel at[iA@ /valRea]

20



2.Met hods

The absolute wind Wer ect albos laadtdéidr gy aw provi d
by thee | N® tthea@asured wiehdiitrievcet i ons of t he ar
. (26). Wind speeds <0.5 m/s were excluded
analysis because under <calm conditions, Wi n

and does not represent a consistent fl ow pat

. . . BEWDoT (2.6)

To ful fil t he st eaodfy Esdidayt e Cocvoanrdiiatnicoen sdur i nc
homogeneous str eedeftirfendlBreeAd omegr ¢ hes e ot r anse
i nf | uoefn ccer o wamrxgpexsted and the bui lidivmlmg iaamd ,v
whi ch alasoswsmet ost eady sTatsestagnawvithonst hese
perturbation time whfich2 ws |lils uohesesti mate
densad yt heef f @equuency proportion of the fluxes
ti mddFoken & Maud®es sumnion2¢ b a constant di stri
turbulence eddy sizes for the whole study al
used to compare differencebeidiffaxkxkellbkasiahnes
| and use transects wdrassclocani ahit @@i3g he MW
combined wistith eamssessment Fagnedl ai n&hd.&)kd by

transects were graded into irtekoutentrakl iame,a
streets with and wirtteleamu metandddvioiosigslgaiane wi t h
trees and cr(Pipsw®eadow

21



2.Mobil e measur emen

Residential area without tree line

Main street with tree line

Main street without tree line

" #| @ Green corridor
Meadow/floodplain

@ square with trees
Crops/meadow

e

5537000

m ilhelminenaue
> o

686000 686500

Figu26Measur ement rout e and MWS i n St . George
homogeneous transect s. The tr anksgeeclta ceatt eeglar i (eX0 2
changed to fit the research area. Projection: ET

A compledey covari anrcequaa &lsysictr al anal ysi s
(co)var$Smectersall analysis is applied by decor
t heir frequency components ThiepoWeurisekectiran
singl e signcadsspearritdrvatelmé i cavVawi adl wst hre of p
intereass they represent the distribution of
di fferent freuercey tihae&ndisnt egr al of a (co)
(co)variance of the original signal, spectra
contributions and petenti 6Babiesstseflthaedi ff 2
met hodol ogy applied here follofiaylt@m38)heor e
Kai mal & KIidNn9aingdan he practi ¢calk equ i&d dfaludude)s o f

Wi t h a perturbation ti me of 32 seconds t h
underesti mated as t he l ow frequency propor
compari son between differences in flux densi

should be possible.
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2.Met hods

Var(u)
Var(v)

10 ‘\ _ Var(w)
Var(Ts)
\ _— Var(CO,)
-_— Var(H,0)
power law

maxima

f-Sy o

0.1

0.01

0.001 . . .

Frequency in Hz

1907 \

E
g
Q
- 0.1 CoVar(uw)

CoVar(vw)

CoVar(wTg)

CoVar(wCO,)
0.01 4 CoVar(wH,0)

power law
0.001 T T 1
0.01 0.1 1 10

Frequency in Hz

Fi gu27eNor mal i zed and fr eqgqueomceya nito-spraed r medmr p Edd
Covarianceofanahley stihsr e e mewistulr eanemédr trd rdleat i Toonp :t i me
Power s pdcdter aveafti cal wi nd)vaai iaacee of Vawi (hvd ¢ omp
(Var (v)), variance OVamwo)i compmpemtat duoa&) )v,ari an
variance of absol uiOp ) hemitdiathy ex((Wdarr(BHO Bot t om
covariance of thedodwdndandomudne(nGosVar (uw) ), cova
components 6vd andcovwmdG i aCo¥arnfvw)he vertical w
temperatur e s)()Co VecaorvpaiwvTitatnec ever t i ¢c al Caow aard{) vaG@ n «C O
covariance of the vertical windO)ajn.d absolute hun
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3. Results

During the research period in July and Augus
conditions occurred, although the months we
warm temperatures @mesSue @u(slatbdtl emgfht 1 x he EBG
tower, air temperature varied between 7.9 AC
mi August, while at the SG station yFailguuerse r an
3.1). Within this peri@dy atthotesebpbdtalB3nicghts
sev@®Hhbni ghdtest i ned as autochthonoaisr dawghésl | o
ident(Ff DeBRe.

35
10 minutes EBG

== daily mean EBG
5 minutes SG
== daily mean SG

30

N
(8]

Air Temperature (°C)
N
o

-
(8]

10

Jul 01 Jul 15 Aug 01 Aug 15 Sep 01

Fi gudtldi me series of atkBG(thd nipeeS Gamuefdelom Jédtloy 3
AugussttAZdt a gap at EBGRBr &M dlultyl B:dOcwrded, whic
explains the high daodluyl mé8Ad temperature
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3.Resul ts

July
.
—
" -
™ -
i .

Mo

3

Fi gu32eDur ati on-abf nbgdt conditions per night, e
during the measur emenmntt op Aruigalids t2 03214n Jaud yndPge t o bl
Nights with at |l east 50% of the measawement i
classifiedai rasniagdltd. Tropi cal ni ghts are markeoc
(autochthonotwws rdany gthtcgolad e mar ked i n | i gaitr bl ue.
mo bineeasur ement ride is circled in black. The ¢

prvoi ded in Chapter 2.2.1.

3.Q@ol d air and radiation nights

To give an ov 8r3vdledv aivrernitchlket s duri ngande mese
the variability of t empheer atteumpee rwaiftiuamem wtiflreet hcei
intervaevesr yofstation was aveaemagedetro ttoenc arhicrut
temperaturetdithegtEaBdld@mo ncompgdaf éerences bet we:
air nighosofadd nights mean diurnal cour ses
calcul ated fcdlalsewif iFg gtiBiSea m$& i @ BA)e

Larrgde f f erbertoveeshe st at i odiiss tinmirda rtcoactl gei neastpeesc i a | |
duri ng Trnieghutr.ban <c | aspsliufsi etdh es tCat isadamast i on t end
di ffendmoag3mo Kt dwroilmdg air ni ght a,r bvami 1Gey tamea
AA stations show temper alt2uriei gl Tehriesn ceefsf eacrte
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3.Aol d air and radiati

can

still be o obnsceordavderd miughiung wia t h s mal |l er

di fference amplitudeasr.e3T2ke war mam ¢$hani o he
whil e GY and AArsuatdi @an§F iaqa8re r

St ron

g temper atsubreet wkiefnf etrheenceuat ibernsveen 22:

t
EB

06: CBSTDuring daytime the temperatur,esnat aw

¢

C

showing the differences in | and uskhe whaeakh c
of the UHI establ iCElsdldiramgumrdl 211:a00 nitghts
cold airringhgtht aft eirnca eoafs etelpe temperature d
Af t er walmael st emper at udecrdeddeg eaaréd sbalyblwar ounc
peak.

9 Leersstralle

Retirement home

B | = lcimmaocke

== Tekirdagplatz

4 Graveyard

Air Temperature Difference (°C)

== St. Georgen main street

12:00

14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00
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Fi gwBBBlean diurnal course of aitr ttheethpWNodl Bb@®)e di f f

wi t h
shown
day.

st anddurdi negr rooal d air nights (n=33) Twiethin

ti me f rCEnsedfi ¢ ihkez2n0 BiagwBRanti | CESTOhE next
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3.Resul ts

Leersstralle

Retirement home

5 Correction facility

== Allotment association

== Tekirdagplatz
Graveyard

== St. Georgen main street

Air Temperature Difference (°C)

12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00
Time of day (12-12h)

Fi gwBA®e an diurnal course of aitr tthehddNSdE B®)e di f f
with standardne-notd rduwriigzhff swi(tnhsi n t he measur eme
The shown ti me EBSadnie tihse 1g2i:N0eGp BB @iyt i In CES: T

next day.

3.@rban heat island in St. George
To investigate the maxi mum devediorp meing htod weh
further filtered to include only those prece:
periods wi trhe soisntcianieagl s ghretse seven swillelct bd d
| abel ldJHdd agisn t he foll owing.

With the MWS ditshe irbadedr olvear ea,ud @mea | YHKle de f f
spatially andFotrenmmo rganlt Itsitmeo n g me an dnffere
temperature WeeeavVvVewuage UHle isst autpiSotds rdi ng

t Bni gt gwBBel n gesdradli ons i n more densely buil
war mer t hmen itrhevenget at ed, Top asrh bwp amreeads ugietde sh.e
variability the daily mean of the air temper.
Duritnlpe whio¢let theatstShtei cGeror gewas Swaebwest

groupings can be observed, one wnhthudiheg ut b
station at the correctrieomaifmicAugribdagmistt lae | otnise
and .AAhe aurbFsm at slbow UHI bealweesn 2.5 and 5 K,
t he wermian stbatei om$y 1Ir mea 2 hkknwa he rur al ref
The highesatutemplerdf ference appESaEfst earr caandt 4d

increase and | owers dustimagng heéecriegahste uinnt it h
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3.2rban heat island in St.

bet ween 6:00 and 10: 00, whencoinlver geatioontshe
temperat ué @i gtB85EB

Leersstralle
Retirement home
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== St. Georgen main street

(&)

Air Temperature Difference (°C)

‘\J

12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00
Time of day (12-12h)

Fi gu35eMean diurnal course doff faikmhaeé B@aivatt thr e
standard erdaoys othon#tJiHhg t he measuremenAuvpedddd. Jul

Besides tdheyssebeebe@dxamine thetbHleeetfreoept cal
occurred during the. m®&asunembabsji peduobgvo( 21 gt
in Augumnd®HEi gur)eThBesshowed t hree sengptdi €Eadkr
cour $he. first two wtemrepiqaadlt enitgylptiscal with war
mor ning, while the mMoontinhguadtéo tbel 2furth
bel ow Aet 20 ¢SFhgude 3. 6)

The tempeoatmeed udieyx Rilbciotoeldi ng i n the afternoo
asl i guar ming aro&kE®S,T2@%h0D0De during the rest (
temperaemaéenedcoestad ptuMOACTre GY and AAedtlatio
bel @A Ground CEXS,TOus exthedrngeasur emeonm | oc:
the tropicdalsiscagboor dit hg DWD criterion all o
werteher ecfloarsesi fi ed as. Howepecal @GBSmMm@dsI®®Ost ati on
(except LS, RH, and SG) briefly dropped bel o

of the mor ni(nkg gwarremi3n. g6 )

The tempeowatodeeAugiushows a constant whol eéng o
ni gwith stthaet i ons L S, RH, TP and SG fulfillin
Howe vtelre stla$ iamd RH dr d@tb eOlToBE8.TR@Pa iGrY, an d
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showing the time of t he GQGEBRST ftrhaem wl 2s DdOwit
temperature with a dashed | ined at 20AC,
tropical night
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3.Barly morning transition ar

AA are shown to be the col des®# Kt dteimpres awiut

di fference to the next coolest station CF (F

The temperature cbwheswsot AvobgestanRd4dcooling u
followed by a tempera?2ukKe Fnomeasheref tba. t:
decreased constantly again wuntil around 0°7:
below the 20AC threshold, fartherri Bi gateng

During asl It hnei gtheemper ature course of the MWS
are respectively the coldest stations, which
still do not show much difference to the oth

at EBG is presappenddix ¢Hhi gure A. 10 and A.

3.Barly morningndrwasmuponat e

The heatingalrauleatwagopabset weevm measur eacidval ue
added up to anThe ulrdrye vrad puree s e ntmeeda nd ad iau rsnhaol w
heating ratet hpee rmosrtn@thigd® t o df2t &0 tCHEE&ST3 3 co
ni ghtE comparison the heating rat eatotfadhhesd r e
i n t he a(pFpiegiudr 2L

Directly after sunrdusdanhel asrsadx lridizkistdt @ migo n s
rates apprl xKimhatgdtldyatnhosehef ur balnheonTeB st ati o
shows a glO.o5wek hheating rate compared Tthe t he
ordefst atsiremicnghemaxi mum heats®nags f oldGdws
EBG/ LS, STGR, AMfrear | i est paeta kYo cOCBUEFGsBvh er e as
RFreaches i ts ma xairmwm d | aCtBeSSItB Yy 09€CHS,T
approximately three hours after sunri se, al |
~2.5mK TP and RH achieve their maxCEmgTsdlilght I

stations display comparable heating rates ag
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Leersstralle

Retirement home

4 Correction facility

== Allotment association |

== Tekirdagplatz ‘
Graveyard

== St. Georgen main stre:et

== Botanical garden

w

Heating rate (K h 1)
N

06:00 09:00 12:00
Time of day (04:00-12:00)

Fi gwrisMean diurnal course of the morni ng04helad i ng
and 1QE®With standard error af tTehre tdhaes h3e3d cloilnde sa i
t htei me frame of the sunri seTlhdeurdontgt et dh el sipneesse & vne ht hy
col our i npoicmanmaitinmhee at i nf oeraacthe st ati on.

3.@o0l diaffuence in St. GeofdgemwkBu
and accumul ati on

To assess microclimatic variability, spati a
were conducted ind Buheg Sti Bh@&eaentgqpeasur efroernt s a
investigation of spati al variations 1i-n temp
canyon.Dsuucalneg t he measugkAlugwidfd MG t hree ri de
00: 00, 02: OWME ¥do wedd ODver all cool FinguwB)a.r i ng
Wi t htime measur ement rides the temperature d
bet ween diffemMTémrt stuplraessseercttesdleasee e pri marily ¢
02: 00 @&E®&Juremeanst it provides the only compl
campaigbhata from theitdeeseriemal mdaed fFoirgucroempar
38andi gu3xle) with additional visualisations a\
(Figur ®A. A4 1

Thaitremperature al,ondyeptgheet FsOwlsam narrow ampl i
aroundulrikhg th&€Eherdehoeatwhmeae the temperatur
di stliyneltbotvme anemper atthree diehfe se@&r oundAAt hehe

GYandost strongly devel opedll sitehtrreeeeWishe hmi ne

temper di 6 f erdonwaned. ® K at Wi l.Aadlemreesnaeat i al
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3.@ol d air influence in St. Georgen/ Burg wit

bet ween RH and thFe arse swedlelntaisal saobwavaineshel
to the mean temper @tGuore,t wihd erhivd smelsSt rout e
is in the St. Georgen main street with 2.3

ride, foll owed by the transects of Brandenb

t heout hweshowi ng teimpeememces ocafboarbacu nmde aln K

(Fi g BOk.
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i gwBB&patially and temporally detrended and corr
hree measur emenaxirsi dreespr eTsheentxs t he di stance fr
alcul ated using the haversine for mullm adodiatcicoonu,r
he stopping points next to . The-a¥MWS shawbsondea
emperatur e, wi t h horizont al l'ines i n correspi
e

F
t
c
t
t
temperature of each ride.
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5537000
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( \ Retirement home ® 2,49 --2
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C
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Fi gwBO®eviation from mean cordruagdtnegd taierd O0tBeidp edr2a tl
CESTdetrendedCESTOm@Br:0jdecti on: ETRS89 [/ UTM zone 3

The vapor pressure along tfhreotmheetaa&ai shows di
amplitwdd dfPgher a&maé uies t he rabseitdneenetni aR H aarned
CF, as well as along the halafndo pdeorwna rtenae bda tkves
to the Wilhelminenaue wi fTihien| obwesteviatl@ertsi al
the Wil helminenaue, (FargoBrlddT TP menan S\Gapor pr e

of this ridPursn@g. 8BekPaght, nearly saturate
and suermbian stations mainly reflect cooling,
thus reduce the saturation vapor pressure. T

close to 100% evdn aict itvlee eavlapewriace@ans pi rati on.
urban sites TP and SG, relative humidity rem
nocturnal temperatures and r eddeurceeads ec otohlei nrge les
humi dity and thereby 9pietventompdnunalate omapger
Over the course of the night, relative humi c
during the 02:00 ride compared to the 00: 0C¢
bet ween 02: 00 and 04: 00 were |l ess pronounced

remaimearccloyn s t(Raingt WBrl g .
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3.@ol d air influence in St. Georgen/ Burg
® MWS
e_diff [kPa]
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Fi guwrldRel ati ve dcdwming ttyhe three meaaucemanedrwide

corrected

anditreéentpree md ardt e

and.vampmexixsprresprugseent s

di stance from the starting point, calculated usi
Earthds curvature. I n addition, the stopping po
y-axi s showbathee humidity of the three rides
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3.Resul ts

During t0@EYMMeasur ememid di rgeen d rofndsll dydt v e

orientaft henstreetorcatnymynbeédoasds eds stations
| ocaitmmdbr e a@pems (RH, GF,, TMTB)gher 8i nMerepee
obser(iegdWBrlg. At i ntersections, more variabl e w
particularly at the crossing of Brandenburge
bi ke path to GY, as well as near TP and al on
crossed en route tlon Wihleh eMlomien eonpaeune .ar ea at V
the wind was | ess constrained by pathways a
from northeast to sout hwest. The wind me a ¢

predominantly from the northwest.

I n the Wil hel minenaudtihmsrervoewcsa ur gdpse t o wi nd
bel ow Ow5 pmrticularly along the upper pat |
prevailing wind direction is oriented paral/l
to southwest along the depression. I n contra:
the wind direcdrienprschroowse eas tim we § € rftod tlioomi ng t

topography of the valley down to the waterbo

Furthkector maps of the two otlwendmeasesemén
ot her MWS are provi d&dgiumet lAe AaAPpermrdilx
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3.@ol d air influence in St. Georgen/ Burg wit

B

& wind at stations !

d along route |

i
=
inortienaoe i

685500 000 ‘ 686500 6870

Figwrlewi nd vectors of ddlrercd itome amaa sypreearmdepnt r o u
witrlrel i ef whafiiamg o¢urliong tOlRRe A8 d@BS.TOnNl y data with
windspeed weduSeihee maxi mal windspeed durling thi
The odwetrae avevalgesdedonerwlaillse fo®tratiaem we rmetame o

compl etwasstabpulMtoed. t he tripeut me as ursehoevarsbsl uaer e
arr oawsd t he st aatrieon nndei acgast eeedn waPRtrioojwesETIR&®B9 / UTM
zoneN 32
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FigwBn& 4 Left -i nzomwarmpedof Wi lohfe lFmiguerreawBe 13. Project
/ UTM zone 32N. Right: wind rose of theCBMWS WA o1
showing the frequency of wind directions, with w

36



3.Resul ts

3.l ux densi tihes mobbrnil g measur emen:
Fopresenting thaedkeanbdtuloemsddhe measurement rid
cold aitrheilght daunosprceesseabede are used to col «
measufrledpes traocasectding to ddes hioimghdréeu s e

The f | uxeerst epd eher er chpavredheado ompar i son, todueatchh

the short perturbation ti me.

At OZE®BOX the sensible heat flux s-hoastydpése

along the measurement transect. Positive flu
buiupt ar eas, with the highestiivat hes maknoesd:i
|l ocations MarSkegr athaedalBreaendenb@er)geas Siwehl as
residenti al areas. I n e2enbr dsdtuxesegatciuve edr
sites such as meadows, the green corridor, i
floodpl ain, indicatdngentadtatbubeabsegrbpaage

sensi bl e heat fl ux reflects a downward heat

(@]

ooling cools the surface below air temper

mbal ance persists, pr osdeuncsiinbg el dhteaalt A Zd sutxae g a

and surrounding green areas also showed fl u
v

egetated character. Oversahlolws ftslkoenes pat i &let dvie
urban surfaces, which continued tdhereleasnda -
vegetated surfaces, where coo(Fi ggBridlomi nat ed

The | at entath &ZtE 8f@lhwoxds f f ereamge g HOt medln +
W malong t he measureBemtongeranfpboiveervee
predominantly observed along the mobile tran
t he bi,keawmaywel |l as in the St. George@omai n st

stationary meexxurtdimenWhs station also showed

val ulers ot heusel athydpes (residenti al areas with
cropl ands, and the green corridor), fluxes
zerTohe mabrialnesienct¥hkehel mi nenaue in particul ar
negative | atelitgtBAGt f |l uxes

37



. Bl

densi

u X ties during the mo
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FigwBrndSensi bl e heateastf | thedBRABdDsur ement -akde. The
shows the different | ocations along the measur e
stationary measurement, wherand hei tbh k @ moMad fpaarr

measur ement

recorded

whil e coi cciomge.d Talce od @t agp @

| and use cl assi fFiioga@ieons shown i n
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o ¢ Land Use
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Fi gwWriegl at ehnetat f | i xesdenbBeCPE3mMOAOsur ement -akds. T h e
shows the different |l ocations along the measur
stationary measur ement , where the bike was par
measur ednemitrnigdi ng. The daetlkbecwdedt acaoeding to th

classificatiromgssBehown
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3.Resul ts

At OLLE®X the values of turbul ent ki netic ene

|l ow across the transects. Hi gher TKE values
|l ocations (e.g. LS and RH), along the mobile
measurement, wh eerdee dviaih. uneEs| eevxacteed val ues al so
the urban transects of St. Georgen main str

floodpl ain, at CF and AA, and at the GY stati
indicating we@hk gtBlrdb ul enc e

Land Use

10 crops_meadow
® green_corridor
main_street
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residential

TKE (m®s7)

05 ® residential_TL
square_TL
°
[
® ° Y *
. °
L)
0.0 & 280
~ x X x 0 ° e} x a2 x e} x ° e} x
oF oF F O F € F G & LU £ AN S
<
V & G Ls & %\e@ ‘?x < e G & &7 Q& < &L )
& § @ & &
2 & A4 <
3§ o <
¥ &
& &

Fi guwrlééTur bul ent kinettbe€ER8MO@AsSuUr ement -Haxds. The

shows the different |l ocations along the measur
stationary measurement, where the bike was par
measur ement , recorded whil ecoil cciomdge.d Take odat agp d
l and use cl assi frRiiggateieons shown i n

The FKfd ux density exhibited a wider range
Wil hel minenaue floodpl ai n, d2weo lec mmjaaltu etsh er an
stationary Gnol eesgdur+i2ldOg the mobile transect

were also recorded alornfpet B¥ mMhbkeWwayttranasse

flusemitltmrt hose at the WA stationary site. £
remained close to zero. I n contrast, @he mor
Tekirdagpl at z, andtéttet Geomgestmat hysshowed
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3.Bl ux densities during the mo

whereas in the residenti al areas, as wel | as

zer o.

20

Land Use

o

crops_meadow
O. ® green_corridor
° main_street
main_street_TL

° meadow_floodplain
® residential
® residential_TL
square_TL

CO;, flux density (umol m? 541)
3 e
L
®

-20 L ]

Fi gwBnaQf |l ux deasts ittheCBmd®Dsur ement -axide.shAbws xt h
di fferent l ocations along the measur ement rout e
measur ement, where the Dbike was parked, and wi't
recorded while ridingcollftceordddt aacpordt agate t he
classificatiFomgsR6hown i n

The fluxes CESheasO®emMment ride are provided
(Figuits, AA. 19, A. 20, A. 21).
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4.Di scussi on

4 . Di scussion

I n the discussion, the hypotheses fotrhmeul at e
available results. The extent to which the nh
Thesruhte compared, and sources of wuncertaint

4.Ur ban heat ti.sl@Genodr genn/SBur g

| n tthhiesMWS data and the results of mobile me
to investigate the mircrmoacrd eimieteldeclodtd.i t Geomrsg e
di strict durTihneg MWSmndeart. s pan alall ¢ continuous
while mobile measurements provided a more de:
Based anortphe | olarcadt et ihet iswsg rsomdndihreg MWS al o

the rloanedclasses werei dieé¢n @kien tadoesi tUHIaf t he

Oneobjective waantifyffleder UMd summem nihght s
StGeorgen/ Bur g idnivsetsrtiicgtataendi t s spati al and t

as well as different nightly synoptic situat

The measurements demonstrate gnruomdurcoeand racde:t

the St. Georgen/ Burg district, with UHI ma g n
21: 00 CEST. Thi s magnitude and timing ar e
mechani sms: ur batnh madawr aabegdavi and hi gh hea
dayti me rbaoddatedarhccatel ease it during the

sustained sensiThhleeresat tfsl sch@m®wn eac tdii st i mecttwe e |
intenandy buil ding densi tVheandrdbtaengeronas i owe.r
consistently war mer, wi t h SG exhibiting th
relative to the rural Th ecoenrdintgievrsst att h @me ,E BIt
surface, seatlungd vectielaati mmct ur nal heat r et
radi ati v.el heo csleinign stwetieonasvetadeé war mer t ha
EBGyet approximately 2 K copol aditthhaatn nogpheen nuersbs

and vegetation reduce heat retention and all

Compartimgse rtesokt her studies wanch héaaidd s how
variability among different ,OKT®ly9 7/s&9zte sma tceldi m
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4 Ur ban heat island in St.

an UHI magnibt Kdd oof EAropean cities wOot®GO0@ porg
inhabi.Ab®dps@9d19howerd avyer age UHI of 4.8 K dur
extremda ndayhe BayreuTheci¢égygukcestef .t htihse steh e s i
butal smuance the -urban/ sdeinciboobmng nocturnal
persistence dependpmacti ¢éi €t somnglryeco whowoileaovwg y s Kk y

factor, canyon aspect, | mperwseoulsankeeslssy t han

Even when consi-deringghts, cobtd only those u
synoptic conditions, t he .UHli se fifneddtc art eema it rhea
sites experience significantly reduced cCoo
reference eospmadcumdodnns ,r adi ati ve .Thiod i pm@gr sicethan
of t he UHI under favourable cooling conditd.i
ur ban heat stress and n.Thlet tr iepsoeil ndls efrioganli fd ccmafn
di fference in UHI bet weuerrb atnh es t lart b am g ahneds n sl @ I

cooling effectiveness of open space and vege

With three t rBoaapyiutehi et ghimathenal odv &eagany

(Deutscher Wettebdspnstse, tB8628a@aymon <cl assi fi
nights according to the DWD criterion, the i
di fferences in their thermal evoluti amdand s

within each other.

The tropicalulnysygfull fatdhleedcol d aiiml2eofitehea

observapnesnsmahbley t o cl cand ogoewneerr al |y war m
condi tiinornshe whTohee ccontsyt.ant temperatures <cl o:
indicate a balance between radiative cooling
evening warming suggests advection olffhewar me
strocget i ng at the GYnaindathds sé¢é t € otnisvaeg elacsc a
with higher vegetation ahhde | dowep dfuinadamligy da
bel ow2@AMehr eshol anor nistulpgests turbul ent mi X i

morning tyramisxitnggnf nomot dearmoabhdi ngs

On Auguitsht wlid4 h the cold air ,crtitermar & uddntlil
cooling poi nsttsa bdltemom@rher i ¢ conditions wi t h

di sturbances. Only four stations fulfilled t
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the spatial heterogeneity of t he UHI . Part
remained above the threshol d, and tOhEeSTr bri
emphasizes the sensitivitteyr mfc adlaismsg fphcaastd so.n
temperature offset bet ween GY/ AA and the re
persistent rol espas selsopceacli atdblyd under cal mer

conditions.

Auguxsah( 44% ful fill ed sctoalndd saiorutc rdiuteertioa)t he a
with a cooling pR&ESE fumltlidwelOl:®OY a short \

subsequently a rapid temperature decline in
passage of a synoptic disturbance, | ikely as
Across all three events, the spatial wvariabi
as differences between the col dest (GY, AA)

exce€dKl This narreoswggéestisi dburioag synoptic c
effects of vegetationg aibruidrdaiinnga gdee npsliatyy ,a osre
compared -stocoallearagtemospheric dynamics.| cNewerer t he
temper actfur@Ys ganedl &A®Ai ve t o ,urmcecerlhirresd otl de r esi

vegetated adodabhglaodluses in mitigating extr

l ctoncl usi on, and in | i md wiatyh etwhher mé laahgds icfoil d
aremschus@bke)t he St. Geor gam/rBwragadseidsa ri ct
of waemareafs the citywhifl Bapddalt BEN¥andg) 6t
budo not provcdel ehgetorvehe district.

The results partly support the hypothesis th
buil t, poorly vegetated areas wunder cal m, c |
contrasts occurred at ur ban sites such as
vari abiilmgysywoptic influence and the persis
at someursemi sites highlight t hat buil ding
cannot explain UHI i ntensi ty. Il nstead, fact

orientation, a nhdwavyesn taillsaot ipolnaypaat deci si ve r 0Ol
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4 Rarly morning tran

4 . Rarly morning transition

The anal ysi s of mor ning war mi ng rates reve

stations, i ndicating that a si-mpbanclasdifuc
categories i s i nsuff-morenng t be rexerl atiThe ee ad ) n
capture spati al patterns mor e accurately,

consi dlewoe dstermban stations (GY and CF) exhi bi

rates after sunrise. This is consistent with
open space warm more rapidly due to earlier
this pattermsewmavsednoat oAA and BG, where tree

warming despit-essimhbdnactandsutuilcan Loavieos e |
open spaedupwafrais 886G) whtihlee | at est henatxiimg mr at e
occurred at RH, suggesAdadigt ipeam&loloyednghéadrng

orientation, LS and SG show an eastward expo

morning war ming. This orientation all ows ect

sunrise compared to the other urband dJiatseae,r t

increase in ailrn teomwpteragtur eTP and RH are s/
buildings on their eastern side, which del a;
and |ikely accounts for their slower morning

These findings highlight the indpaeniceulodr Ily
shading, V e g edraitda mtmantd oowmd&kryd ovni emor ni ng t emper
evolution. Al t houghhOlpe eet owmd . st RDilers St ewal
emphasize the distinction between urban and
indicate that for war mgmai nreadt ean a |l ayssanasir eeo f f i
features i sSThrecaddeasryonsi Suegtur We@ dmhose

met héadr med t et idatfif@m of UTthreey dteanmoineng.at ed

ur ban/usrebman/ r ur al classifications provide a
average diurnal temperature cycl es. However,
captureterhhorgrocessesi rsgucWwarami nngorrnat es . Take

both studies highlight t hat while broad cat
climatol ogi cal assessment s, a mor escdkeéeail
mor phol ogy and exposure conditionspeirsatas®ent

dynamics during the early transition period.
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Locations that experienced stronger nocturn
rapidly in the morning. This dynamic may in
intensity of t he UHI effect remained rel at:i
increased | atelredtni tghet deaydelraeyffed war mi ng of
stat iDensayed morning warming | eads to a del a\)
UHI devel pment ag, obser vedad2ath oaip sr obxeitnnaeteenl
earl i est maxi munCESEY aad ©8&madXiantuenst( RH at 10
CES)T, aligns with Okescet((d@allansd byl ustrates
mi croclimatic di fferences contribute t o di

environments.

The findings partly support t huer bhaynp ostihteessi swat
more rapidly after sunrise due to greater ex
and CF, b-ot haseaamd more open, exhibited the
However, enbe absthis pattern at AA and BG de
and shading camnseverfrfiedd sl.ardd mi | arly, some u
showed rapid warming when their orientation
others (TP, RH) edethaened dédlaadyng by adjacen
deviations highlight that | and use alone <ca
rates; i nsseatl e Mmactors such as vegetation

orientation cr i tmocranlilnyg stheanppdeyreaaimirg s .

4. Gol diaffuence in St. Georgen/ Bu
I n general, the urban | ocations with higher
recorded higher air temperatures compared to
measur emenDurrionug et @@E T0i deael | ug tbaatnieams bi t ed

hi grmetre mper atthuaamese veget,atettHesttag the typic
of heat i n densel yDubruiitnilgte: d@E ST iocheneam sl. ocati o
still exhibited hi gher t emper a.tHorwesy et hana
pronounced persistence of el evat ed temper a
StGeorgen main street, while other urban ar e,
This suggeesrnseltywbalieieltt canyons with high ther

and | iweg¢getdadteilaary nightti me cooling compared
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4 . @ol d air influence in St

structTureesc.ol dest areas during the night wer
agricultural fields and gardens between and
meadow and bi ke path near B8Ytaepdehhef Whost oc

are | ocated widihgs inmotrdhde oufr btahne col der areas ¢
cooling iomf | tuheenibran surr dAuntdiomngd. the <col der
indi cate -diocabdccwrmudl! ati on, no evidence of a

ur ban core was observed.

The di stribution of vapor pressur e al ong

i mportance of wvegetation and | ocal mi crocl ir
(00: 00 ,CEST®) highest values occurred around
with evapotranspiration in ve@QES$Hhttehde emmavxiirnoan
shifted to the area between CF andThARA WAnd t c
fl oodploavieweexrhi bi ted relatively | ow vapor pr
vegetation, which mays &teateixgrn ad omredli tbhiyo mse aand
Il i mi t otftha@nrsel ati vieeandiirmgittoy coByY e@BSRD Ovaarp o r

pressure maxima were found in densely buil
ventilation and higher air temperatures | ik
while | ower values occurred in the colder a

codadr poal irregduacred humi dity capacity of cool ¢

Foll owi ng t heditstnrpielrtattiusrepossi bl e, that <col d
CF and fl ows along the t.€Gpofgraphygfdotwe test O
cl ose itsheresd viwbIwi ndatspbleed t he hi lilndbeclacdve sCF

cold air aa@aanuwumulhet iwadmd di rneecatsiuorne da Iroonugt et hnee x

points in the direction of the wurban core.

Thetramegnper altt ifeaksaoeshows the cold air ac.

Wil hel mineée ooudihl aprnocess t hat has been docun

stud( Blsomas et al ., 20 21T, h i Tss cihnutsecrhpkree,t a2 G o)
supported by the vapor pressure and relative
saturation conditions resulting from | ow ter
water availability.
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The wind measurements complement this pictur

wi t h -aciorl dpool i ng, while the wind direction r
cold air. Along the upper path, reduced wind
toward ttyhevecie observed, whereas on the | owe
topography toward the water body. Notabl vy,
station, temperatures remained comparably | c
spatial ex-aentaotwmmoelhdttiho s ar ea

The results |l argely confirm -ahe hygbt hesusa

vegetated sites (CF, AA, GY, WA) consistent|
urban ar eassatawnrdatniecar humi dity in the floodp
codadr mewolThe wind and vapor pressure patter
along topography and accumul ation in depress
air dynamics. However, no evidence was fou
penetrated into tgheesturnlbgan hcadr evhidweg pool i ng

|l ocally, their cooling influence remains spa

4. Al ux densities during a cold ai

The interpretation of the measured fluxes i
nighttime turbul ent fluxes are naturally | o
applied i n t hi ss sytatdggmaitntcr odruceer est i mati on,
variability further i ncreases scatter. Neve

relative differences observed across sites |
flux magnitudes shoul d ibceMeianstuerrepmeentte du mci etrht ac
wi || be discussedd4i.b Qloentsaeigue nt Icyh,a ptthee f ocus
pl aced on identifying spati al patterns in tF

magni tudes.

The sensible heat flux measur emenmnt $§ draenvde a | é
ustypesMaxi mum values were observed in areas
surface sealing, while vegetated sites, such
gardens, eeadr beeeagatnidve fl uxes, i ndicating

energy | oss to the atmosphere. Overall, ni
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4 Hl ux densities during a

transects, which is consistent with the gene

exchange during sttradtief inoattiuomal

These rdecsutaotnpl eatlelgyn with previovYasapsi&uddkes,
Q@974)who reported exclusively upward sensi bl
Vancouver at 1.2 m measur ement height, emph
release from urban surfaces as a source ter.|
bet ween seal ed sawmrdf awegetiann edhi s study si mil
i mportance of surface properties ISt hmaoduleat i
al(199Aa) so documented pronounced differences
nearby sites with varying |l and <cover, furt
heterogenei t-yt noofs pshuerrfeacient eractions i n urban
the absolute flur vhbaesedrephowal thariabili
surface sealing and morphol ogdi dtnrfil methicen n

contribute to parailstempeuralanme gradients.

The | atent heat flux @GES®Sxhemenhtsa @arofBdufde
var i albrlihlei thyi ghest positive fluxes were  obseryv

suggesti hgaessgpon processed hieneatdas pwhasso

wi tlhongwave radiation storage in wurban stru
temperatures overnight. Il n contrast, negat i
Wil hel mi nenaue floodpl ai n, l i kely indicati ng
moi strurceh conTdhea iwindhemrge of flux values Trecol

reflects the dynamiia iarctcarmull ay iofn,caladi ati ve
moi sture availability. |IMeaesssioesmeowsdualdevate
which may r exidlhtad tbgyroaage within the canopy |
| ocalized warming and increased | atent heat
particularly in open residential and agricu
aligns with the expected s wmpraensds itounrfbbullxeeny a |
during nighttime stability. These bfuiiddiimgs

geomedmynocturnal |l atent heat flux pa&@bhuer ns,
et @D2,4)who demonstrahedtt hatleamn @wdreabddyi at i on

during tihne ddeanys,earem@l@an s ulsa ahti nxes overnight,

contributing to the persistence of the UHI e

4 8
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A comparison of TKE val ues CbhEeStawede nO CtERSeD r i d e
indicates a gener al decrease in turbulence
the expected stabilization of t he snoontet ur na
| ocations stil!]l exhibit comparatively el evat
the typically | ow nocturnal turbulence | evel
persistent mechanical turbulence generated b
buil dioomgetgeg and strébtbigdadytghhats even und e
predominantly stable nighttime conditions, [

smastale tuwhiuimeynwcienfl uence | ocal heat and m

The FKEQOux measurements reveal spati al vari ab

floodplain standing out dued2®moli dhswpawi deher an

stationary site to positive fluxes of simila
At ni ght, photosynthetic uptake ceasebB, and
source through respiration. Negati ve -afilruxes
pool i ng, which thcdpser ¢ ®pitrheed s@@® face and | e
downward fl uxes, while positisseggasues odatki

mi Xxi ng events t hat relFiarstead talte umt Imats @t e rCeC
contrasting lsighnaltshehisgeghnsi t i Wwiexy hahgeotourti
interplay between veget atliaoyerr estpa lrialtH toyn,, &
scale drainaQeedginlami tilse Fimewxsais ealpCOar r el at |

compared to Vdasdlian @sdx0B3y)lt hough their measur e

conducteom abowBe ground | evel, where turbule
surface exchange signal s, suggesting that t
attributable to the | ower measur ement hei gl

recorded consistently uoh dasser antanb uarrgers
Tekirdagpl at z, and St . Georgen mai n street
emi siron n vegetated areas i .ndVeceaetaiseugremlramt
fluctuatingedildarmtsi aln and vegetated areas poc

CQupt aker ealneda s e

The observed flux patterns are |l argely <con:
Sensi bl e heat fluxes I n densely built ur b a
predominantly positive, reflecting the comb
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4 Hources of uncert

rel ease and heat storage in urban materi al s

particul arly t he Wi |l hel mi nenaaer o | ood psllaiignh,

negative fluxes in | tane wvaictchu ncud caltiinogn aprrdo cceosls
|l atent hseawerfd uxeegati ve at the floodplain, s
stabl e, -moé¢lstaoerditions, whereas positive fI

core where elevated surface temperatures mali

These findingspetuhpertetdheohtyrast between wur
uses, while also emphasizing the role of I
dynamics in modulating nocturnal flux exchan

4 . pur ods uncteyrt ai n

For the MWS, a key source of uncertainty |1
ool dé and newly installed stations. A testin
by side prior to depl oyment woul d have i mpil

ensured dgémeihtoyno Fur tphearcneooréen,t htehest ati ons w
careful atnt @ mtei ommeg ahrachidng t he sky view facto
radiative cooling and heating patterns and

measurem@mttshe ot, ee hehxaancdt positioniswwgewithi

transaatl ead to | ocalized effects, which may
| anudse category. Future measurement campaign
har moni zed station <calibration, standardi ze
guantificattiteonrvi oo nme ctr &l influences to ensu
reproduci bility.

The mobil e mewmesrsaudbmestsmet hodol ogi cal 1 mi t a
constrain the robustness of the results. The
was originally designed for stationary oper e
|l oggi ng. The system proved i nds ufmd b cdoé ri tolny

operation, suggesting that future campaigns
reliable datalogger setups specifically adap

Systematic underestimation of fluxegioeaurre

byt he short pertupdratiouwml drnlme rel evant duri ng
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when turbul ent fluxes are generally |l ow. A
presented here |l ikely underestimate the true
Sshould focus primarily on spatial wvariabilit
The number of wvalid flux data points was | i mi
once. I n some cases, t heeaquailskesd npge rttiunreb aotfi can
whi ch resul ted I n a single data point for
redundancy reduces statistical robustness.

reduce driving speed or repeat transeyts mul
and reliability.

A further l' i mitation I|ies in the spatial S €
chosen routes were nepaaddvaysas fuetygmmeredcded
bal ance studi ewser ebuatl sion dyrefdljdaeuechdgmm r a met er s

| i Rkeuses .orThciasr shet erogeneity compli-sabées t he
condi tAiddrig i onally, the chosen transects do |
are therodaf caroanpl et el y spati al representative.
Taken together, these factors restrict the ¢
studies and underline the exploratory charac
presented here. They nevertheless provide v.
di f f esr,endat futureshoalmddrgss t hese met hoo
shortcomings to improve robustness and inter
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5.Conclusions

Il n t hi ssutmeesri sni YHUtithitmeensi t yaiarndd ycrwd mlihd sn t he
St . Georgen/ Burg district ,h wift hBatyhree ud xp encetraet i
densel yl ibtutelbeet at ed areas would retavegemmateth
spaces would cool more effectively, .F@articul
guantify the magnmciothtdreansdts ¢ bher maalf l uence of |

omoct uhrematl r et ent i odny naannth cosomlnb ianiart i on of st at

mobil e meteor ol ogi @alo nndeuacst uerdeeneranrigsosw se€ al e

The resul ts confirm that Bayreut h, despite
magnitudes of up to 5 K, consistent with val
The i ntensity was mo s t pronounced during |

autochthonous synoptic conditions, hi ghlight
Wi t h$tn. Geor gbeuni/IBduirngg density and vegetation
factwmrsan areas experience |little nocturnal

cold spot s, such as the meadoGWamdhd weapesti atee ¢
notable temperature reldaefr. rdewevel rsthesmai

di sconnected fromuphdi densediyr biomfl lcow df r om 1

open areas, such as t hepeCrFe tstrilidegu ribsa ni ncsou fef.i ¢
The f 1l ux measurement s add an i mportant | ay
nocturnal sensi bl e and | autpe natr ehaesa tc orneflieransse tfh
dayti me heat continues t o dri ve UHI i nt e
met hodol ogical themmbaiien£fCofsetup restrict

absolute magnitudes. Nevertheless, the spat.
indications of |l ocalized flux variability ¢ti
Overall, this thesis demonstrates the interp
at mospheric dynamics i n shaping Thhé@gihnhdimgstrF

show that effective urban heat mitigation c
al one, but must-s calnes imMaerphdlcaigoyt, e g raantalit cirthieo n
connecti viaty @fatdwlag s . By linking stationar
t his study provi des bot h met hodol ogi cal i n

designing cooler,nmdretriescsti$ient urba
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Tabl dwAaat her

c arudii tnigonsu |l vy

andf Aegushe20Bgective

condictliaosnsi f i cat i(obne utrsocnh e’ WDWNet t er di enst, 2025b)

Day Jul24 | Aug 24
1 20 9
2 10 20
3 20 10
4 14 20
5 4 10
6 29 6
7 14 29
8 19 19
9 29 10

10 19 10
11 19 10
12 39 6
13 39 29
14 14 29
15 9 9
16 19 9
17 19 9
18 4 29
19 9 6
20 6 9
21 29 14
22 10 9
23 19 9
24 15 29
25 5 14
26 9 14
27 29 4
28 15 29
29 5 29
30 5 9
31 9 6
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mean diurnal course of relative humidity + standard error,
03.07. - 31.08.2024 | 'normal’ nights (n = 27 days)
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mean diurnal course of specific humidity + standard error,
03.07. - 31.08.2024 | 'normal’ nights (n = 27 days)
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mean diurnal course of vapor pressure + standard error,
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mean diurnal course of vapor pressure + standard error,
03.07. - 31.08.2024 | 'normal’ nights (n = 27 days)
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Course of longwave radiation, 14.08.2024 | tropical night
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Mean diurnal course of heating rate + standard error, 03.07. - 31.08.2024 | not cold air nights (n = 27 days)
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Figurk®And vectors of direction and speed al ong
with relief sfhaacdtionrg 1(Owi tdhudrzi 20845 &CIEES.Tr Odé yO dat a wi
wi ndspeed-1> wk.r®e mssed. The maxi mal wi bddfséed duri

The data were averaged over 4 second intervals,
complete stop was <calcul ated. Al ong the route,
arrows, and the station means are indicaT#®d with
z ome N
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