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Abstract: The urbancanopy layer is characterisedby a speci�c climatewhich signi�cantly differs from the
averageregionalclimateconditions.Especiallyinsideurbanstructuressuchasstreetcanyons,shoppingmalls
or publicplaces,thelocalmicroclimatedependsdirectlyon thephysicalpropertiesof thesurroundingsurfaces
andobjects,producingwell-known effectssuchaswind speeddecrease,local jets, increasedturbulenceor
increasedthermalloads. Thesephenomenacanhave a strongin�uence on the comfort of pedestriansusing
theseareasfor differenttasksof urbanlife or leisureactivities. Assessingurbanclimatemeansto answerthe
question,how the citizensfeel underthe given circumstancesand to decide,whetherthe urbandesign,the
usageof urbanstructuresandtheneedsof thepedestrians�t togetheror not. Thiscomplex assessmentprocess
requiresa queueof differentmethodsstartingwith numericalclimatemodelsthatprovide themeteorological
parametersendingup with a setof modelsthat simulatethecomfort level or thebehaviour of citizensacting
insidethestructure.

In this paper, theMulti-Agent modelclimBOT is presentedwhich aimsto simulatethe interactionsbetween
local climateandpedestrianbehaviour. Thedifferentmodulesneededfor thattaskareoutlinedandthegeneral
perception-decisionapproachfor theagentsis shown.
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1 INTRODUCTION

Accordingto studiesof theUNSECO,morethan60
percentof the worlds populationwill live in cities
with more than5000 inhabitantsby the beginning
of the21stcentury. Building up housesandpaving
thesurfaceschangestheclimatein urbanareassig-
ni�cantly, leadingto well-known effectssuchasthe
urbanheatisland, increasedair pollution or modi-
�ed wind situations.Especiallyinsideurbanstruc-
turessuchasstreetcanyonsor shoppingmalls,we
observethatthelocalmicroclimatedirectlydepends
on the physicalpropertiesof the surroundingsur-
facesandobjects,which canleadto both pleasant
anduncomfortableclimatesituations.

Assessingtheurbanclimatebasicallymeansto an-
swerthequestions

� how thecitizensfeel underthegivencircum-

stances(in particularthermalcomfort, wind
comfortetc),

� how thosefeelingswill affect their behaviour
within theurbanstructures,and

� if the urbandesign,thermalpreferencesand
behaviour of thecitizens�t togetheror not.

If we neglectextremesituations,in which thehos-
tility of the environmentis obvious, it is clearthat
urbanclimateitself doesnotpossespropertiesmak-
ing it a goodor badclimate.Thequestion,whether
someoneis pleasedby local climateor not, is ba-
sically a questionaboutwhat this singlepersonex-
pectsfrom theclimatehe/sheis walking in. These
expectationsare, of course,a mixture of general
preferencesandshort-termneedsthatmayvarywith
respectto theactualphysical(heatbalance),physi-
ological (thermoregulatorystrain),andpsychologi-
cal (e.g. work or leisure)statesof thesubject.This



circumstanceproducesa numberof dif�culties and
uncertaintiesin the searchof objective assessment
parameters,addingto the alreadycomplex climate
conditionsthemselves.

Severalmethodsandmodelshavebeendevelopedin
thepast,to help plannersandresearchesin �nding
thelink betweenurbanclimateandhumancomfort,
mostof thenspecialisedin the thermalcomponent
of thereactioncomplex (seee.g.MayerandHöppe,
1987;ASHRAE,1992;ISO7730,1994).

Keepingin mind, that the assessmentof urbancli-
mate dependson the opinions of individual sub-
jects, it seemsto be a promisingapproachto start
the evaluationprocessfocusingon a singlepedes-
trian rather than starting with the meteorological
conditions.Numericalmodelsthatarebasedon the
simulation of individual microscopiccomponents
(”agents”) possesa numberof bene�ts compared
to traditionalsimulationconceptswhich useformal
lawsto describetheaggregated(macroscopic)inter-
actionsbetweenthedifferentmodelcomponents:

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

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

� dependenciesand relationships between
modelvariablescanbediscoveredandsimu-
latedalthoughthey arenot includedexplicitly
in themodelequations

In this paper, the model climBOT is presented,
whichaimsto simulatetheinteractionsbetweenur-
banclimateandpedestrianbehaviour usingMulti-
Agent modelling techniques. The different mod-
ulesneededfor that taskareoutlinedandthe gen-
eral perception-decisionapproachfor the agentsis
presented. The purposeof the model is to learn
abouttheinteractionsbetweenurbanenvironmental
factors,hereespeciallymicroclimateandpedestrian
behaviour. Also, it mightserveasa tool for predict-
ing pedestriantraf�c or optimizingurbandesign.

2 OVERVIEW OF THE CLIMBOT MODEL SYS-
TEM

TheclimBOT modelsystemconsistsof severalsub-
modelssimulatingdifferentaspectsof thebehaviour
of thesingleagent(climBOT) asshown in Figure1.

The model environment consists of a two-
dimensionalhorizontalgrid domainwith a typical
resolutionbetween0.5and2 m. Data,thatarepro-
vided from external models(grayedboxes in Fig.
1) areeitherdirectlycalculatedin thespatialresolu-
tion of theclimBOT modeldomainor interpolated
from theprovideddata.Thepositionsof theagents
insidethedomainarecalculatedin non-discreteco-
ordinatesfor an accuratesimulationof dynamical
aspects,but the agentsare always assignedto a
”home” grid point,which is closestto therecentlo-
cationandoccupiedby theagent.Thetime stepof
thesimulationdependsonthevelocityof thefastest
agentaswell asonthegrid boxsizeandis typically
between0.5and2 s. Theassessmentof grid points
is expressedusing resistanceswherebythe agents
tries to move only towardsgrid points with lower
resistancesthantheoneheis standingon.

From the architecturalpoint of view, the climBOT
is a horizontal layeredagent. The different sen-
sory input dataare connectedto their responsible
assessmentmodules,which independentlyproduce
suggestionsin termsof resistances.Althoughhori-
zontallayeredagentsmaysuffer from non-coherent
behaviour if differentmodulesproducecontradict-
ing suggestions,theheterogeneouscharacterof the
differentenvironmentalinputdataandthecomplex-
ity of the assessmentmodulesthemselves would
make otheragentstructures(e.g. vertically layered
agents)hardlydesignable.

Theurban environment is representedby theenvi-
ronmentalsituationandby the morphologicaldata
(buildings, roads,trees,...)that are neededin the
climBOT model. The selectionof variablesde-
scribingtheenvironmentalsituationdependson the
different assessmentand decisionmodelsthat are
implementedin the system. For the microclimate
complex to thoseparametersarefor examplewind
speed,air temperature,humidity andshortwave ra-
diation. In our model, the data are suppliedby
themicroscaleclimatemodelENVI-met(Bruseand
Fleer, 1998),but any othersourcecouldbeusedtoo.

Basedon the potentialtargetsof pedestriantraf�c,
a set of target positionsis createdfor eachagent
andageneral routing takinginto accounttheurban
structureis calculated.The�nal way to thetargetis
constructedjust in time usingorthogonalsegments
connectingthecentersof eachgrid cell.

The internal stateof the agent(ST) describesthe
level of comfortor discomfortcorrespondingto the
differentmodulestheagentconsistsof. For exam-
ple, the dynamical comfort module describesthe
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Figure1: Schematicoverview of structureanddata�o w in theclimBOT model

agentscomfort concerningdynamicalaspectssuch
as actual velocity versusdesiredone or con�icts
with otherpedestrians.

Theassessment section of theclimBOT agentcon-
sistsof severalparallelsub-modulesexpressingthe
agentsassessmentof anenvironmentalfactor(F ) in
termsof a resistancevalue(
 ). Finally, theoverall
assessmentof a targetgrid canbecalculatedasthe
sum over the all resistancesprovided by the sub-
modulesand the grid point with the lowest resis-
tanceis chosenasbestmovetarget.

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

Before any assessmentprocesscan take place, it
is necessaryto de�ne a global referencesystemin
which the differentassessmentvaluesarede�ned.
The specialdif�culty in the context of this model
is, thatcontraryto physicallymotivatedmodelsthat
relateto existing variables,the available informa-
tion herehasan extremeheterogeneousstructure.
To overcomethis problemandin orderto give the
differentlayersof informationa manageablestruc-
ture,theconceptof resistance fields (
 -fields) was
created.

In this idea,different
 -valuesareassignedto each
grid pointwhich representlevelsof ”attractiveness”
of thepointwith respectto thegoalsandtheinternal
stateof theagent.Thehigherthesumof theresis-
tancevaluesis, themoreunattractive thegrid point
is for the agent. The absolutevaluesof 
 depend
on two factors:the local situationon thegrid point
andtheagentsattitudetowardsthis situation.Con-
sequently, eachagenthasa personal”voting” for
eachgrid point, thatmight changeduringthesimu-
lation, whenthe internalstateof theagentchanges
andmightbedifferentto otheragentsopinions.

The overall resistanceof a grid point i; j is com-
posedof a basevalue 
 0 plus differentadditional
values which representa speci�c aspectof the
agentsperceptionandits assessment:
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Thebase resistance 
 0 is a generalpropertyof the
grid andequalto thewalk-abledistanceto thetarget
grid of the agent(seesection4.1). The additional
values
 1:::
 N aretheoutcomesof thedifferentas-
sessmentmodulesandmightbepositiveor negative
(seeSection4.4).



As referenceunit for the resistancemodelwe have
chosenthedistanceto a targetin meter. Herebywe
also�x theinterpretationof theassessmentof agrid
point: negativeassessmentswill increasethevirtual
distanceto the target,positive oneswill shortenit.
The conceptof resistancesmakes the model open
to other in�uencing factors. Anything that hasan
attractive effect might eitherserve asan additional
traf�c target(e.g.scenicplaces)or asa localattrac-
tor by lowering the resistancesof 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
theshortestavailablerouting.Here,themeaningof
”shortest”isnotrestrictedto therealdistance,it also
includescomfortanddynamicalaspects.Theroute-
�nding modelprovidestheMA simulationwith the
shortestwalk-ableroutefrom any grid point in the
modeldomainto a speci�ed targetgrid asbasicin-
formation. This includesthe considerationof un-
passablestructures(buildings) aswell as the con-
siderationof less-walkableareas(e.g.roads).

The route-�nding model is basedon a modi�ed
�ooding algorithmknow as”Bellmann Flooding”,
in which the �ooding value (=baseresistance
 0)
is increasedby the distancebetweenthe grid poit
centerseachtime a new grid point is entered.From
eachgrid point of the model domain, the shortest
way to the target canbe found by simply moving
towardstheadjacentgrid with thelowestresistance
(”BOTs bestway” in Fig. 2). Grid pointsthat are
lesswalk-ablewill increasethe�ooding valueby a
speci�c resistance(+2 in theexampleshown in Fig.
2) and grids with un-passablestructureswill stop
the �ooding process(black grids in Fig. 2). Al-
thoughthe �ooding algorithmis only 4-point con-
nected,it is accurateenoughto allow alsodiagonal
agentmovesand lesstime-consumingthan the 8-
point connectedversion.

4.2 Pedestrian Interaction Model PedWalk

Pedestrianscanonly follow their personaloptimal
route,if no con�icts with otherpersonsexists. As
this is a ratherunlikely casein an urbanenviron-
ment,it is necessaryto includearealisticbehaviour
modelof pedestrianmovementin thesimulation.
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Figure2: Exampleof route-�ndingalgorithmshow-
ing the
 0 resistance�eld andresultingshortestway

Looking at a group of pedestrians,one might get
the impression,that their movementdecisionsare
chaotic and cannot be reproducedby numerical
models. In fact, this is not true and it wasshown
thatpedestrianmovementcanberealisticallysimu-
latedin many ways,for exampleby using�uid dy-
namicequations(Henderson,1971)or by potential-
�eld drivenparticlesmodels(”social forcemodels”,
HelbingandMolnar, 1995).

The intentionof the PedWalk model is to simulate
differentbehavioral strategiesthatcanbeobserved
in pedestrianmotionbasedonamicroscopic(agent-
to-agent)interactionmodelling. This part of inter-
actionmodellingis called”indirect interactions”in
the diagramshown in Fig. 1. Direct interactions
betweenagents(e.g. blocking of grids or com-
petingfor grids) aresolved directly in the moving
decisionstep. PedWalk includesspatial strategies
(e.g.deviationprocess,trail formation),dynamical
strategies (accelerationand decelerationto avoid
con�icts) as well as mixed strategies (combina-
tion of both suchasovertakingdecisionsor walk-
ing in groups).To becompatiblewith therestof the
model,all situationsthatmighthaveaneffectonthe
routingdecisionmustbeexpressedasadditionalre-
sistancesthatareaddedto theresistance�eld.

4.3 Biometeorological model

Thebiometeorologicalmodelis responsiblefor the
simulationof the effectsof urbanmicroclimateon
the thermalcomfort level of the pedestrians.The
exposureto uncomfortableclimate conditionscan



lead to thermophysiologicalstresssituations,from
which theheatstresscausedby directsunandhigh
temperaturesis themostfrequentonein urbanareas
(seee.gFanger, 1972;MayerandHöppe,1985).

Different modelsand standardshave beendevel-
oped in the past, that relate the outdoor climate
conditionto theaveragethermalcomfortof pedes-
trians moving in the environment (e.g Predicted
Mean Vote PMV, Effective Temperature ET*, see
ASHRAE, 1992, ISO7730,1994). The disadvan-
tageof thesemodelsis, that they do not take into
accountthedifferentassessmentof localclimatede-
pendingonthermalsituationstheindividualhasex-
periencedbefore. Sunny areaswill be regardedas
comfortablelocationsafterwalkingthroughashady
street,even if theclimateconditionswould leadto
a thermaldiscomfortaftersometime. To avoid this
problem,thethermoregulatorysystemof eachagent
is calculatedwith a 2-nodemodelof thehumanen-
ergy balancesimilar to thosepresentedby Gagge
(1986) or Mayer and Höppe(1985). This model
predictsseveral thermalrelevant parametersof the
humanthermalcomplex suchasskin temperature,
fractionof wet skin or thesweatratefor eachtime
stepandeachlocationof theagent.Theseparame-
tersarethenusedin theassessmentprocessasindi-
catorsfor theinternalstate(ST) of theagent.

4.4 Assessment Process

The assessmentprocessmust transformthe differ-
entenvironmentalanddynamicalaspectsinto resis-
tancevaluesthat canbe usedto calculatethe �nal
resistanceof a possiblemove target. In the model
wecandistinguishbetweendynamical assessment,
which handlesthe differentinteractionswith other
agentsand environmental assessment that is re-
sponsiblefor the assessmentof the environmental
conditionsfound in the model area. In this sec-
tion, we will only focus on the environmentalas-
sessment,asit is themorecomplex one.

The generalprocedureof the assessmentprocess,
is to transforman environmentalfactor F respec-
tively its value f into a resistancevalue 
 . If the
observedF is assessedpositive, theresultingvalue

 will besmallerthanzero,if assessednegative, it
will be above zero. For 
 < 0, the overall resis-
tanceof a grid point i; j will bedecreased(see(1)),
in the other caseit will be increased1. As agents
try to movetowardsthelowestresistance,apositive

1Notethatin thegraph,theresistancevaluehastheoppositesign
to theresponsetoallow amoreclearassignmentbetweenpositive
valuesandpositive assessment

assessmentof a grid cell i; j will increasetheprob-
ability, that the agentselectsthis cell asnext way
point.
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Therelationshipbetweenf (or normalizedf ∗) and
its assessment
 (or normalized
 ∗) is established
insidethesocalledperceptionwindow, which, de-
pendingin its position,showsdifferentsegmentsof
thecosinusfunction(seeFig. 3):


 ∗ = � cos(f ∗ + s∗) (2)

Theassessmentof any factordependsof coursethe
agentspersonalattitudetowardsthis factor. Thisat-
titude is expressedusing the internal stateST of
theagentwhichshiftstheperceptionwindow either
to the left or to the right. In the middle position,
theagentfeelsneutraltowardsf (e.g. for assessing
thefactor”sun”, theskin temperaturecalculatedby
the biometeorologicalmodelmight be usedas the
relevant stateST). The link betweenthe relevant
internalstateandtheshift of thewindow (s∗ in (2))
dependsonthepersonaltypeof theagent.Forsensi-
bleagents,theperceptionwindow will shift quickly
whenST is non-neutral,for moretolerantagents,it
will shift slower.

Althoughtheassessmentprocedureis basedonsim-
ple geometricalfunctionssuchasthecosinuscurve
shown in Figure3, therearestill threecritical trans-
formationsin themodel: scalingf to a normalized
f ∗, convertingthe internalstateST to thenormal-
izedST ∗ andtheninto thewindow shift s∗ and�-
nally there-scalingof thenormalizedresistance
 ∗



to ameter-basedresistancethatis compatibleto the
rest of the model. Finding the correctparameters
for theseoperationscouldbebasedonempiricalob-
servationsor theoreticalmodels. For the moment
being, just simplead-hocvaluesthat seemto give
realisticresultsareused.

4.5 Final move-decision process

After assessingall relevant aspects,a �nal over-
all resistanceis calculatedfor eachmove targetaf-
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-
tancedecreaseis chosenasoptimalmove.However,
dueto thepresenceof otherpedestriansoccupying
grid cells this optimal move cannotalwaysbe per-
formed,so that sub-optimaloptionsmay be taken,
includingthedecisionnot to moveatall, or to move
to grid pointswith a higherresistancevalue.

5 RESULTS OF THE MODEL

It is typical for Multi-Agent systemsthat they pro-
duceahugenumberof interpretableinformationin-
steadof a few obvious results. For the climBOT
model,this is notdifferent.Dependingon theques-
tionsaskedto themodelandtheaspectstheuseris
interestedin, thereis a hugebandof possiblein-
sightsthan can be taken from the differentmodel
variables.Somepossibleideasare:

� Frequentationof areasas a result of pedes-
trianbehaviour includingthelevel of comfort
of passingpedestrians,

� Analysingareasof high discomfortandhigh
frequentationto optimiseplanningdecisions,

At the recentstage,this model is only able show
qualitative effectsof urbanmicroclimateon pedes-
trian behaviour. Empirical observations such as
video observations or surveys are neededto ad-
just the different model parametersand validate
the model in order to achieve quantitative reliable
data.Firstresultsshow obviousdifferencesbetween
staticassessmentmethodssuchasPMV (ASHRAE
1992)andthoseobtainedwith the MA simulation.
For example, areasfor which the PMV indicates
high thermaldiscomfortturnedout to belessprob-
lematicas the majority of pedestrianshave passed
shadyareasbeforeandfeel comfortablebackin the
sun.

Due to the complexity of the model and the re-
stricted place in this paper, it is not possibleto
presentresultsof the model. The authorregarded
it moreuseful to presentthe climBOT model in a
completeform ratherthanleaving it incompletefor
thebene�t of someresultpictures.
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