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Abstract: Theurbancanoyy layeris characterisedy a speci ¢ climatewhich signi cantly differsfrom the

averageregional climateconditions.Especiallyinsideurbanstructuresuchasstreetcaryons,shoppingmalls

or public placesthelocal microclimatedependslirectly on the physicalpropertiesof thesurroundingsurfaces
and objects,producingwell-known effects suchaswind speeddecreaselocal jets, increasedurbulenceor

increasedhermalloads. Thesephenomenaanhave a strongin uence on the comfort of pedestriansising

theseareador differenttasksof urbanlife or leisureactiities. Assessingurbanclimate meango answerthe

question,how the citizensfeel underthe given circumstanceandto decide,whetherthe urbandesign,the

usageof urbanstructuresandthe need=f the pedestriang togetheror not. This complex assessmemtrocess
requiresa queueof differentmethodsstartingwith numericalclimate modelsthat provide the meteorological
parametergndingup with a setof modelsthat simulatethe comfortlevel or the behaiour of citizensacting

insidethestructure.

In this paper the Multi-Agent modelclimBOT is presentedvhich aimsto simulatethe interactionsbetween
local climateandpedestriabehaiour. Thedifferentmodulesneededor thattaskareoutlinedandthegeneral
perception-decisioapproactfor theagentds shown.
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1 INTRODUCTION stanceqin particularthermalcomfort, wind

comfortetc),

Accordingto studiesof the UNSECO,morethan60
percentof the worlds populationwill live in cities
with more than 5000inhabitantsby the beginning
of the 21stcentury Building up housesandpaving
the surfaceschangegshe climatein urbanareassig-
ni cantly, leadingto well-known effectssuchasthe
urbanheatisland, increasedair pollution or modi-

how thosefeelingswill affecttheir behaiour
within theurbanstructuresand

if the urbandesign,thermalpreferencesnd
behaiour of thecitizens t togetheror not.

ed wind situations.Especiallyinside urbanstruc-
turessuchasstreetcaryonsor shoppingmalls, we
obsenethatthelocal microclimatedirectlydepends
on the physical propertiesof the surroundingsur
facesand objects,which canleadto both pleasant
anduncomfortableclimatesituations.

Assessinghe urbanclimate basicallymeango an-
swerthe questions

how the citizensfeel underthe givencircum-

If we neglectextremesituations,in which the hos-
tility of the erwvironmentis obvious, it is clearthat
urbanclimateitself doesnot possepropertieanak-
ing it agoodor badclimate. The questionwhether
someonsds pleasedby local climate or not, is ba-
sically a questionaboutwhatthis singlepersonex-

pectsfrom the climatehe/shes walking in. These
expectationsare, of course,a mixture of general
preferenceandshort-terrmeedghatmayvarywith

respecto the actualphysical(heatbalance) physi-
ological (thermorgulatorystrain),and psychologi-
cal (e.g. work or leisure)statesof the subject.This



circumstanceroducesa numberof dif culties and
uncertaintiesn the searchof objective assessment
parametersaddingto the alreadycomplex climate
conditionsthemseles.

Severalmethodsandmodelshave beerdevelopedn
the past,to help plannersandresearches nding
thelink betweerurbanclimateandhumancomfort,
mostof thenspecialisedn the thermalcomponent
of thereactioncomplex (seee.g. MayerandHoppe,
1987;ASHRAE, 1992;1SO 7730,1994).

Keepingin mind, thatthe assessmerdf urbancli-
mate dependson the opinions of individual sub-
jects, it seemso be a promisingapproachto start
the evaluationprocesdocusingon a single pedes-
trian rather than starting with the meteorological
conditions.Numericalmodelsthatarebasedn the
simulation of individual microscopiccomponents
("agents”) possesa numberof bene ts compared
to traditionalsimulationconceptsvhich useformal
lawsto describeheaggre@ated macroscopicinter-
actionsbetweerthe differentmodelcomponents:

non-localand non-stationaryeffects are im-
plicitly consideredas they are transported
with theagent,

macroscopiceffects develop automatically
through the iterative application of mi-
croscopic rules (e.g. tendeng to self-
organisation),

dependenciesand relationships between
modelvariablescanbe discoveredandsimu-
latedalthoughthey arenotincludedexplicitly

in themodelequations

In this paper the model climBOT is presented,
which aimsto simulatetheinteractionsdbetweerur-
ban climate and pedestriarbehaiour using Multi-
Agent modelling techniques. The different mod-
ulesneededor thattaskare outlinedandthe gen-
eral perception-decisioapproachfor the agentsis
presented. The purposeof the modelis to learn
abouttheinteractiondetweerurbanervironmental
factors hereespeciallymicroclimateandpedestrian
behaiour. Also, it might sene asatool for predict-
ing pedestriartraf c or optimizingurbandesign.

2 OVERVIEW OF THE CLIMBOT MODEL SYS-
TEM

TheclimBOT modelsystenconsistof severalsub-
modelssimulatingdifferentaspect®f thebehaiour
of thesingleagent(climBQOT) asshavnin Figurel.

The model ervironment consists of a two-

dimensionalhorizontalgrid domainwith a typical

resolutionbetweer.5and2 m. Data,thatarepro-

vided from external models(grayedboxesin Fig.

1) areeitherdirectly calculatedn thespatialresolu-
tion of the climBOT modeldomainor interpolated
from the provided data. The positionsof the agents
insidethe domainarecalculatedn non-discreteso-

ordinatesfor an accuratesimulationof dynamical
aspects,but the agentsare always assignedto a

"home” grid point, whichis closesto therecentlo-

cationandoccupiedby the agent. The time stepof

thesimulationdepend®nthevelocity of thefastest
agentaswell asonthegrid box sizeandis typically

betweer0.5and2 s. Theassessmemf grid points
is expressedising resistancesvherebythe agents
tries to move only towardsgrid points with lower

resistancethanthe oneheis standingon.

From the architecturalpoint of view, the climBOT
is a horizontal layeredagent. The different sen-
sory input dataare connectedo their responsible
assessmemhodules which independentlyroduce
suggestiongn termsof resistancesAlthough hori-
zontallayeredagentanaysuffer from non-coherent
behaiour if differentmodulesproducecontradict-
ing suggestionghe heterogeneousharacteiof the
differentervironmentainputdataandthecomplex-
ity of the assessmenmodulesthemseles would
male otheragentstructureqe.g. vertically layered
agentshardlydesignable.

Theurban environment is representetly theervi-

ronmentalsituationand by the morphologicaldata
(buildings, roads,trees,...)that are neededin the
climBOT model. The selectionof variablesde-
scribingthe ervironmentalsituationdepend®n the
different assessmerdand decisionmodelsthat are
implementedn the system. For the microclimate
comple to thoseparametersre for examplewind

speedair temperaturehumidity andshortwave ra-
diation. In our model, the data are supplied by
themicroscaleclimatemodelENVI-met (Bruseand
Fleer 1998),but ary othersourcecouldbeusedtoo.

Basedon the potentialtargetsof pedestriartrafc,
a set of target positionsis createdfor eachagent
andageneral routing takinginto accountheurban
structureis calculated The nal wayto thetargetis
constructedustin time usingorthogonalsegments
connectinghe centersof eachgrid cell.

The internal stateof the agent(ST) describeghe
level of comfortor discomfortcorrespondingo the
differentmodulesthe agentconsistsof. For exam-
ple, the dynamical comfort module describeghe
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Figurel: Schematioverview of structureanddata o w in theclimBOT model

agentscomfort concerningdynamicalaspectsuch
as actual velocity versusdesiredone or con icts
with otherpedestrians.

Theassessment section of theclimBOT agentcon-
sistsof several parallelsub-modulegxpressinghe
agentsaassessmemf anernvironmentafactor(F ) in
termsof aresistancevalue( ). Finally, the overall
assessmertdf atargetgrid canbe calculatedasthe
sum over the all resistanceprovided by the sub-
modulesand the grid point with the lowest resis-
tanceis choserasbestmove target.

3 BASIC ASSESSMENT CONCEPT: DEFINI-
TION OF RESISTANCES AS REFERENCE SY S-
TEM

Before ary assessmenprocesscan take place, it
is necessaryo de ne a global referencesystemin
which the differentassessmentaluesare de ned.
The specialdif culty in the contet of this model
is, thatcontraryto physicallymotivatedmodelsthat
relateto existing variables,the available informa-

tion herehasan extreme heterogeneoustructure.

To overcomethis problemandin orderto give the
differentlayersof informationa manageablstruc-
ture,theconcepbf resistance fields ( -fields) was
created.

In thisidea,different -valuesareassignedo each
grid pointwhich representevelsof "attractveness”
of thepointwith respecto thegoalsandtheinternal
stateof the agent. The higherthe sumof the resis-
tancevaluesis, the moreunattractve the grid point
is for the agent. The absolutevaluesof  depend
on two factors:the local situationon the grid point
andthe agentsattitudetowardsthis situation. Con-
sequently eachagenthasa personal’voting” for
eachgrid point, thatmight changeduringthe simu-
lation, whenthe internalstateof the agentchanges
andmightbedifferentto otheragentsopinions.

The overall resistanceof a grid point i; j is com-
posedof a basevalue ©° plus differentadditional
values which representa speci c aspectof the
agentperceptiorandits assessment:

— 0 1 2 N
SR R S (1)

Thebase resistance © is agenerapropertyof the
grid andequalto thewalk-abledistanceo thetarget
grid of the agent(seesection4.1). The additional
values ':: N aretheoutcomeof thedifferentas-
sessmenmodulesandmightbepositive or negative
(seeSectiord.4).



As referenceunit for the resistancanodelwe have
choserthedistanceo atargetin meter Herebywe
also x theinterpretatiorof theassessmemif agrid

point: negative assessmentgill increaseahevirtual

distanceto the target, positive oneswill shortenit.

The conceptof resistancesnakesthe model open
to otherin uencing factors. Anything thathasan
attractve effect might eithersene asan additional
traf c target(e.g.scenicplaces)or asalocal attrac-
tor by lowering the resistancesf grid pointsclose
to theattractor(e.g.shoppingwindows).

4 INTEGRATED SUB-MODELS AND DECISION
PROCESS

4.1 Route-finding model

The most important goal of pedestrians,except
somekind of tourists,is to reachtheir targetsusing
the shortesevailablerouting. Here,the meaningof
"shortest’is notrestrictedo therealdistanceit also
includescomfortanddynamicalaspectsTheroute-
nding modelprovidesthe MA simulationwith the
shortestwalk-ableroutefrom ary grid pointin the
modeldomainto a speci edtargetgrid asbasicin-
formation. This includesthe consideratiorof un-
passablestructures(buildings) aswell asthe con-
siderationof less-valkableareaqe.g.roads).

The route- nding model is basedon a modi ed
ooding algorithmknow as”Bellmann Flooding”,
in which the ooding value (=baseresistance °)
is increasedy the distancebetweenthe grid poit
centerseachtime anew grid pointis entered From
eachgrid point of the modeldomain, the shortest
way to the target can be found by simply moving
towardsthe adjacengrid with thelowestresistance
("BOTs bestway” in Fig. 2). Grid pointsthatare
lesswalk-ablewill increasehe ooding valueby a
speci c resistancg+2 in the exampleshownn in Fig.
2) and grids with un-passablestructureswill stop
the ooding process(black gridsin Fig. 2). Al-
thoughthe ooding algorithmis only 4-point con-
nected;t is accurateenoughto allow alsodiagonal
agentmoves and lesstime-consuminghan the 8-
pointconnectedrersion.

4.2 Pedestrian Interaction Model Ped\Walk

Pedestriangan only follow their personaloptimal
route,if no con icts with otherpersonsxists. As
this is a ratherunlikely casein an urbanenviron-
ment,it is necessaryo includearealisticbehaiour
modelof pedestriaimovementn the simulation.
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Figure2: Exampleof route- nding algorithmshaw-
ingthe ¢ resistanceeld andresultingshortestvay

Looking at a group of pedestrianspne might get
the impression that their movementdecisionsare
chaotic and cannot be reproducedby numerical
models. In fact, this is not true andit was shovn
thatpedestriaimovementcanberealisticallysimu-
latedin mary ways,for exampleby using uid dy-
namicequationgHenderson1971)or by potential-
eld drivenparticlesmodels("social forcemodels”,
HelbingandMolnar, 1995).

The intention of the Ped\Walk modelis to simulate
differentbehaioral strat@iesthatcanbe obsened

in pedestriaimmotionbasednamicroscopiqagent-
to-agent)interactionmodelling. This partof inter-

actionmodellingis called”indirect interactions”in

the diagramshawn in Fig. 1. Direct interactions
betweenagents(e.g. blocking of grids or com-
peting for grids) are solved directly in the moving

decisionstep. PedValk includesspatial strategies

(e.g.deviation processitrail formation),dynamical

strategies (accelerationand decelerationto avoid

con icts) as well as mixed strategies (combina-
tion of both suchas overtakingdecisionsor walk-

ing in groups).To becompatiblewith therestof the
model,all situationghatmighthave aneffectonthe
routingdecisionmustbe expressedsadditionalre-

sistanceshatareaddedo theresistanceeld.

4.3 Biometeorological model

The biometeorologicamodelis responsibldor the
simulationof the effects of urbanmicroclimateon
the thermalcomfort level of the pedestrians.The
exposureto uncomfortableclimate conditionscan



leadto thermophysiologicastresssituations,from
which the heatstresscausedy directsunandhigh
temperatureis themostfrequentonein urbanareas
(seee.gFanger1972;MayerandHoppe,1985).

Different models and standardshave beendevel-
opedin the past, that relate the outdoor climate
conditionto the averagethermalcomfort of pedes-
trians moving in the ervironment (e.g Predicted
Mean \Vote PMV, Effective Tempeature ET*, see
ASHRAE, 1992,1S07730,1994). The disadwan-
tageof thesemodelsis, that they do not take into
accounthedifferentassessmeiatf local climatede-
pendingonthermalsituationsheindividual hasex-
periencecbefore. Sunry areaswill be regardedas
comfortabldocationsafterwalkingthroughashady
street,evenif the climate conditionswould leadto
athermaldiscomfortaftersometime. To avoid this
problem thethermorgulatorysystenof eachagent
is calculatedwith a 2-nodemodelof the humanen-
ergy balancesimilar to thosepresentedy Gagge
(1986) or Mayer and Hoppe (1985). This model
predictsseveral thermalrelevant parameter®f the
humanthermalcomplex suchas skin temperature,
fraction of wet skin or the sweatratefor eachtime
stepandeachlocationof the agent. Theseparame-
tersarethenusedin theassessmemrocessasindi-
catorsfor theinternalstate(ST) of theagent.

4.4 Assessment Process

The assessmerrocessmusttransformthe differ-
entervironmentalanddynamicalaspectsnto resis-
tancevaluesthat canbe usedto calculatethe nal
resistanceof a possiblemove target. In the model
we candistinguishbetweerdynamical assessment,
which handlesthe differentinteractionswith other
agentsand environmental assessment thatis re-
sponsiblefor the assessmertf the ernvironmental
conditionsfound in the model area. In this sec-
tion, we will only focus on the ervironmentalas-
sessmenfsit is themorecomplex one.

The generalprocedureof the assessmerrocess,
is to transforman ervironmentalfactor F respec-
tively its valuef into aresistancevalue . If the
obsenedF is assessedositive, the resultingvalue
will be smallerthanzero,if assessedegative, it
will be above zero. For < 0, the overall resis-
tanceof agrid pointi; j will bedecrease(see(1)),
in the other caseit will be increasedl As agents
try to movetowardsthelowestresistanceg positive

1 Notethatin thegraph theresistancealuehasthe oppositesign
totheresponséo allow amoreclearassignmenibetweerpositve
valuesandpositive assessment

assessmertf agrid celli; j will increasahe prob-
ability, that the agentselectsthis cell asnext way
point.
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Figure3: Link betweerervironmentalfactorF , in-
ternalstateST andassessementlue *

Therelationshipbetweerf (or normalizedf *) and
its assessment (or normalized *) is established
insidethe so called perceptionwindow; which, de-
pendingin its position,shows differentsegmentsof
the cosinusfunction(seeFig. 3):

*=  cos(f*+ s%) (2)

Theassessmemdf ary factordepend®f coursethe
agentgpersonahttitudetowardsthis factor This at-
titude is expressedusing the internal state ST of
theagentwhich shiftsthe perceptiorwindow either
to the left or to theright. In the middle position,
theagentfeelsneutraltowardsf (e.g.for assessing
thefactor’sun”, the skintemperaturealculatecby
the biometeorologicamodel might be usedasthe
relevantstateST). Thelink betweenthe relevant
internalstateandthe shift of thewindow (s* in (2))
depend®nthepersonatypeof theagent.For sensi-
ble agentstheperceptiorwindow will shift quickly
whenST is non-neutralfor moretolerantagentsit
will shift slower.

Althoughtheassessmeiproceduras basedn sim-
ple geometricafunctionssuchasthe cosinuscurve
shavn in Figure3, therearestill threecritical trans-
formationsin the model: scalingf to a normalized
f *, corvertingtheinternalstateST to the normal-
ized ST * andtheninto the window shift s* and -

nally there-scalingof thenormalizedresistance *



to ameterbasedesistancehatis compatibleto the
restof the model. Finding the correctparameters
for theseoperationsouldbebasednempiricalob-
senationsor theoreticalmodels. For the moment
being, just simple ad-hocvaluesthat seemto give
realisticresultsareused.

4.5 Final move-decision process

After assessingll relevant aspects,a nal over
all resistances calculatedfor eachmove tamget af-
ter (1). With respectto the resistancevalue of
the grid cell the agentis recentlystandingon, the

-gradientsto all eight neighborcells are calcu-
lated and the grid which offers the highestresis-
tancedecreasés choserasoptimalmove. However,
dueto the presencef otherpedestrian®ccupying
grid cells this optimal move cannotalwaysbe per
formed, so that sub-optimaloptionsmay be taken,
includingthedecisionnotto move atall, or to move
to grid pointswith a higherresistancealue.

5 RESULTSOF THE MODEL

It is typical for Multi-Agent systemghatthey pro-
duceahugenumberof interpretablénformationin-

steadof a few obvious results. For the climBOT

model,thisis notdifferent. Dependingonthe ques-
tions aslkedto the modelandthe aspectghe useris

interestedin, thereis a hugebandof possiblein-

sightsthan can be taken from the different model
variables.Somepossibleideasare:

Frequentatiorof areasas a result of pedes-
trian behaiour includingthelevel of comfort
of passingpedestrians,

Analysingareasof high discomfortandhigh
frequentatiorto optimiseplanningdecisions,

At the recentstage,this modelis only able shav

qualitatve effectsof urbanmicroclimateon pedes-
trian behaiour. Empirical obsenations such as
video obsenations or suneys are neededto ad-

just the different model parametersand validate
the modelin orderto achieve quantitatie reliable
data.Firstresultsshav obviousdifferencedbetween
staticassessmemhethodssuchasPMV (ASHRAE

1992)andthoseobtainedwith the MA simulation.
For example, areasfor which the PMV indicates
high thermaldiscomfortturnedout to belessprob-

lematic asthe majority of pedestrianfiave passed
shadyareasheforeandfeel comfortablebackin the

sun.

Due to the compleity of the model and the re-
stricted place in this paper it is not possibleto
presentresultsof the model. The authorregarded
it more usefulto presentthe climBOT modelin a
completeform ratherthanleaving it incompletefor
thebene t of someresultpictures.
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