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Abstract

A vectormodelhasbeensetupto evaluatewind speedanddirectionfor thermallydrivenslopewinds.
Thismodelis basedonanextensionof thePrandtlmodelandusesthenew GRASS3D vectorimplemen-
tationaswell asits connectionto externalDBMS. This modelfollows themodelfor therasterapproach
to a local metereologicalmodelfor theevaluationof temperature,wind speedandhumidity [1], basedon
the 3D rasterGRASScapability. The new vector implementationallows the evaluationof temperature,
wind speedanddirectiononasetof irregularplacedpoints,while therasterapproachis constrainedto use
pointsona regulargrid. Moreover, all theattributesthatareusedasparametersin themodelaremanaged
throughPostgreSQLandSQL queries.A new GRASSmodulehasbeenwritten to evaluatethe normal
directionthrougha point in the3D space,sinceall themodelparametersdependon thedistancefrom the
surfacealongthenormaldirection.A comparisonbetweenthevectorandtherasterapproach,in termsof
implementationanduse,is presented.Finally a syntheticanda realsimulationanda comparisonwith the
rastermodelresultsarereported.

1 Introduction

The integration of environmentalmodelsand GIS is driven by the effort towardsthe developmentof a
comprehensivedescriptionof asystem,whereeachinterrelatedfactorcanbecorrelatedby its positionin the
space.Infact,themanagementof hetherogeneusdatalinkedby their positionis whatGISsareabout.

The developmentof a model for local atmosphericstudywithin a GIS environmenthasstartedsome
yearsago,resultingin a local thermallydrivenslopewindsmodelbasedonthe3D rasterGRASSmodel[1],
[2], [3]. Thismodelevaluateswind velocityand(potential)temperatureanomalyin a volumeovera slope.

The (3D) rasterapproachimplies that, while it possibleto choosethe resolutionalongthe threeaxes,
thevariablesmustbeestimatedover thewholedomain. Sinceheavy geometriccalculationis involvedfor
thedeterminationof thenormaldirectionto the terrainsurface,this canbeneedlessburdensomewhenthe
valuesin only a small setof point areneeded.For examplethemodelhasbeentestedmatchingits output
againstthemeasurementtakenby a motorglide in theAdige valley, about2 km wide, with anentiretrack
about15 km long and2 km high [4]. The total air volumeinvolvedin the measurementsis about60 km3,
thereforeadiscretizationwith 10x10x10metersvoxelsimplies60 millions of cells.

A vectorapproach,wherewindvelocityand(potential)temperatureanomalycanbeevaluatedonanarbi-
trarysetof points,makesthematchingbetweensimulatedandmeasuredvaluesfeasiblesinceit is sufficient
to performthecalculationsonly on theglide trajectory, which is determinedby GPS.

Therefore,the first goal of this work is to implementall the geometricpart of the model following a
vectorapproach.Moreover, theapplicationof themodelcanbemadefasterandmoreeasilymanageableif
all thenongeometric(semantic)partof themodelis storedandmanagedby adatabasemanagementsystem,
linkedto geometricdata.

A sidepurposeof this work is thetestingof thenew GRASSvectormodelbothfrom theuserandfrom
theprogrammerperspective.

2 Thermally drive slope winds

Thediurnalcycleof incomingsolarradiationandoutgoinglongwaveradiationatnightdeterminesacyclical
heatingandcooling of the air layerscloserto the ground,causingairflows alongslopingterrains. These
slopewinds aremore relevant in mountainvalleys, wherethe temperaturegradientsdue to the mountain
slopesinfluencethelowerair layersandthewholeair motioninsidea valley is affected[7].
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The theoreticalformulationfor thermally inducedflows on a slopehasbeenprovided by Prandtl[6],
confirmedby the sperimentalwork of Defant [5]. A slopinggroundis modeledby a tilted plane,with an
angleα with respectto thehorizontal,while theatmosphereaboveis unperturbedandstable.Two reference
framesareusuallyestablished:oneis theusualCartesianreference,with thedirectionx alongtheslopeon
thehorizontalplaneandz in theverticaldirection,thesecondonehasa coordinates alongtheslopeandn
normalto it (seefigure1). �
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Figure1: Referencesystemson thetilted planmodelingtheslopingground.

Air movementsandtemperaturedistributionaredueto theheatfluxestheair volumeis exposedto. The
mainenergy sourceis thesolarradiation,this energy is partly reflectedbackto theair by theterrainsurface
andpartlyadsorbedby theground;this latterpartis in turndividedin heatflux into thegroundandsensible
or latentheatflux conveyedbackto theair layerscloserto thesurface.

Indicatingaspositive theheatfluxesfrom thegroundto theatmosphere,theheatbudgetcanbewritten
as � Q �S 	 QH 
 QE

� QG (1)

whereQ �S is the net solar radiationflux, QH the sensibleheatflux, QE the latent heatflux and QG
the groundheatflux. The incomingnet radiationflux Q �S is evaluatedasa fraction of the extraterrestrial
solarradiance,taking into accountreflectionandabsorptionby theatmosphere,andthegroundflux QG is
estimatedasa fractionof thenetradiationflux Q �S by

QG 	 aQ �S (2)

wherethecoefficient a rangesfrom 0.1 for thedaytimeto 0.5 for thenighttime.A simplerformulation
setsthis ratio to 3/10

QG 	 0 � 3 Q �S (3)

Sensibleheatflux andlatentheatflux areestimatedby closingthebudgetequation,afterhaving chosen
a properratiobetweenthetwo, thesocalledBowenratiocoefficientβR

βR 	 QH

QE
(4)

A moredetaileddiscussionof thedeterminationof theseheatfluxescanbefoundin [1], [2], [3], where
referencesareprovided.

Theevaluationof the thesensibleheatflux QH is essentialfor the estimationof temperatureandwind
velocity over theslope.Ratherthanto absolutetemperature,heatexchangeis relatedto potential tempera-
ture, thatis thetemperaturethatanair parcelvolumewouldhaveif led to areferencepressure(usually1000
hPa) alonganadiabatictransformation.The link betweenabsoluteT andpotentialθ temperatureis given
by thewell known Poissonequation

θ 	 T

�
p0

p 
Rd
cp

(5)

wherep is theatmosphericpressure,p0 is thereferencepressure,Rd 	 287JK � 1kg � 1 thegasconstant
for dry air andcp 	 1004JK � 1kg � 1 is the specificheatat constantpressure.Heatingandcooling of the
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groundimpart an anomaly∆θ on the potentialtemperature,which in an unperturbedatmosphereshows a
positivegradient

θ 	 A 
 Γz 
 ∆θ � n � (6)

wherez is theverticalcoordinateandn thenormalcoordinateto theslope(seefigure1), Γ is thepotential
temperaturevertical gradientin standardatmosphericconditionsand A an integration constant(i.e. the
temperatureat soil level). Theanomalyof potentialtemperature∆θ canbewrittenas

∆θ 	 Ce � n
l cos � n

l � (7)

whereC is the potentialtemperatureanomalyat groundlevel, and l is the typical lengthscaleof the
phenomenon

l 	 4

�
4νHνk

gβ Γsinα
(8)

where,again,νH is theair thermaldiffusivity, νk is theair kinematicviscosity, g thegravity acceleration,
β 	 273� 15� 1 andα theslopeangle.

Thesesameparameterscanbeusedto estimatethewind velocitycomponentalongtheslope

u 	 C

�
gβ νH

Γνk
e � n

l sin � n
l � (9)

The valueof the integration constantC can be evaluatedby imposingthe boundarycondition at the
ground-atmosphereinterfacethat the (potential)temperaturevariationin the n directionis proportionalto
thesensibleheatflux QH , asexpressedby theFourierlaw

QH 	 � kH
∂∆θ
∂n ���� n � 0

(10)

wherekH is theair thermalconductivity; thepotentialtemperatureanomalyvariationalongthes coor-
dinatecanbeneglectedif themotionis uniform alongtheslope.By substitutingequation7 in 10,C canbe
expressedas

C 	 QH l
kH

(11)

It is possibleto take into accounttheeffectsof watervapor, modifying thePrandtl’smodel,by introduc-
ing thevirtual potentialtemperatureθV

θV 	 � 1 
 0 � 61q� T � po

p 
Rd
cp 	 θ � 1 
 0 � 61q� (12)

whereq is the specifichumidity. The expressionsfor θV andu canbe derived by applying the same
procedureabove,but in additionto theheatbudgetconditionof equation1 theconservationof moistureflux
FW mustbeimposed[2].

3 GIS procedure

As seenin theprevioussection,theevaluationof (potential)temperatureanomalyandwind velocity along
a sloperequirestheknowledgeof thesensibleheatflux on thesurfaceandof thedistanceof thepoint from
thesurfaceitself, alongthenormaldirection.

The sensibleheatflux canbe evaluatedfrom the incidenceanglebetweensolar beamsdirectionand
the normal to the surface,the atmospherefeaturesandthe land cover. The incidenceanglecanbe easily
determinedin GRASSby the r.sun module. The relevant atmosphericparametersare the absorption,
reflectionandtransmissioncoefficients,theatmospherictransmissivity andthecloudcover factor. Theland
cover influenceis taken into accountby the albedo,soil thermalcapacityand, for vegetationcover, leaf
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resistanceto vaporflux. All theseparametersmustbe availableasgeographicallyreferencedinformation,
sothattheircombinationto evaluatethesensibleheatflux is possible.In therasterapproacheachparameter
is representedby a raster2D mapon theterrainor a setof atmosphericparameters,in thevectorapproach
theparametersarestoredin adatabaseandlinkeddynamicallyto the(vector)geometry.

Theonly rastermapis thedigital terrainmodel(DTM), but a vectorDTM suchasa TIN canbeused,
exploiting thenew GRASSvectorcapabilities.

4 Evaluation of the normal to a surface

The terrainsurfaceis expressedby a rasterDTM andslopeandaspectmapsareeasilyevaluated.While
thegradientcomponentsof theDTM would bemoresuitablefor thedeterminationof thenormaldirection
thougha point in the space,the wide availability of slopeandaspectinformationmakestheseparameters
preferablefor this task.

The main problemin the individuation of the normal to a DTM througha point is that in generala
DTM doesnot describea simplegeometricknown surface,thereforeit is not possibleto write an explicit
expressionfor thenormaldirection.Theworkaroundcomesfrom theobservationthatfor pointscloseto the
surfacethedistanceonthesurfacebetweennormal andvertical projectionis usuallysmall,savefor singular
situations.The determinationof the verticalprojectionon the surfaceis trivial andthis point canbe used
asstartingpoint for thesearchof thenormalprojection,which is thepoint correspondingto theminimum
distance.The algorithmthat evaluatesthe normalto a surfaceusesthis proposition,startingfrom a point
closeto thesurfaceandmoving towardstheinterestingpoint.

Let P � xP � yP � zP � bethepoint to beprojectedandV � xV � yV � zV � theverticalprojectiononthesurface,the
segmentPV is dividedinto k parts,eachwith edgepointsPV � i � with coordinatesgivenby

PV � i ��� xP
� i

PV
k � yP

� i
PV
k � zP

� i
PV
k
� (13)

with i runningfrom 0 to k, whereobviously PV � i ��� V for i 	 0, PV � i ��� P for i 	 k andlower values
of k correspondto pointscloserto thesurface.Thealgorithmstartswith k 	 1, for this point PV � 1� , which
is closeto the terrainsurface,the normalandverticaldirectionareclose,unlessthe slopeis very slanting
or a singularity of the surfaceis involved. Therefore,a windows of points underPV � 1� is scannedand
the distancesfrom PV � 1� and the centersof all thesecells are evaluated. Then the point Q � xQ � yQ � zQ �
correspondingto theshortestdistancedmin 	 PQ is selected.

Theversor

��
v Q 	�� �����������Q � PV � 1�

dmin
(14)

identifiesthedirectionof thesegmentfrom PV � 1� to Q, whichin generalis not thenormaldirectionsince
only thecell centersaretested.Still, it is possibleto evaluatethenormaldirectionto theterrainsurfacefrom
theDTM gradientfor thecell to which Q belongs.This is doneby calculatingtheversor

��
v DTM 	 ��

∇ 
∇
 	 � ∇x � ∇y � ∇z �!

∇x
2 
 ∇y

2 
 ∇z
2

(15)

If
��
v Q 	 ��

v DT M then
��
v Q is the normal direction throughPV � 1� , otherwise,as usually happens,the

distancefrom Q to thenormalprojectionpoint N canbeevaluatedasfollows:

d 	#" �� v Q $ �� v DTM "  P � Q
 

(16)

andN is foundby moving of d alongtheoppositedirectionof
��
v DTM

N 	 P � �� v DT M d (17)

Oncethe projectionpoint N for PV � 1� is found, the procedureis iteratedfor the other k � 1 points.
However, after thefirst iterationthepoint N of theprevious iteration,ratherthantheverticalprojection,is
usedasstartingpoint for thesearch.
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Figure2: Scanningwindow over theDTM for thesearchof theminimumdistancepoint.

Thetwo parametersthatmustbechosenin this procedurearek, thenumberof segmentsinto which the
vertical segmentfrom the point to the surfaceis divided, andm, the dimension,asnumberof cells in its
side,of thesquaresearchwindow on theterrain.Theseparametersaresetasa tradeoff betweentherisk of
selectingthe wrongpoint on thesurfaceandthe computationalcost. Infact, thechoiceof largevaluesfor
k increasesthenumberof iterationof theprocedureabove,while smallvaluesof k canleadto situationsin
which thehypothesisthatnormalandverticaldirectionsareclosedoesnot hold, resultingin the failureof
thealgorithm.Theselectionof largevaluesof m causestheneedof scanninga largenumberof cellswhen
looking for thedistanceminimum(thenumberof scannedcellsscaleswith m2), howeverasmallvalueof m
canleadto theindividuationof a local minimumfor thecells’ centers- pointdistances,which is not thereal
minimum,resultingagainin a failureof theprocedure.

OncetheprojectionpointN coordinatesareknown, it is possibleto evaluatethedistanceof apoint from
the surfacealongthe normaldirection,i.e. calculatethe n coordinateof section2. Moreover, the address
cell underthepoint in thenormaldirectionis known, thereforethesensibleheatflux canbeevaluated.

5 Implementation

The algorithmdescribein section4 hasbeenimplementedasa new GRASSmodulev.pep.seek, tak-
ing advantagefrom the new GRASS vector architectureand the possibility of link to databases.The
v.pep.seek modulecreatesa tridimensionalvectormapof the segmentsthat connecteachinput point
with its projectionon a DTM. To eachsegmenta tableis associated,storingthefollowing information: the
coordinatesof thepoint to beprojected,thecoordinatesof theprojectionpoint, thedistancebetweenthese
points,theindexesof theDTM cell containingtheprojectionpoint andthecoordinatesof thebaricenterof
thecell. Thismodulehasbeenwritten to implementamodelof local thermallydrivenslopewinds,however
it asbeendesignedwith a moregenericusein mind: it solvesthe geometricpart of the problemwith no
referenceto theatmosphericmodel.For example,it is possibleto evaluatethenormaldirectionto a surface
for pointsbelow thesurface:while it makesno sensefor theimplementationof anatmosphericmodel,this
canbeusedin otherapplications.TheHTML manualof themodulev.perp.seek is shown in figure3.

Theinputof themodulesconsistsin: avectormapcontainingthepointswhosenormalmustbeevaluated
andthreerastermapsrepresentingthe DTM, the slope(in degrees)andthe aspect(in degrees),the latter
two areusedto evaluatethe local gradientof the surfaceandcanbe easilycreatedin GRASSusing the
r.slope.aspect module. For complex (concave) terrain morphologiesit is possiblethat thereexist
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Figure3: HTML manualof themodulev.perp.seek.

more thanonenormal, the modulesselectthe directioncorrespondingto the shortestdistance,sincethe
variables(temperatureandwind speedin our model) in onepoint are likely influencedmorefrom closer
pointson thesurface.

6 Tests

Before the applicationof the new moduleto the atmosphericmodel,sometestshave beencarriedout to
checkits correctfunctioning. In thefirst setof tests,seriesof planeshave beenusedto matchtheresultsof
theuseof themoduleagainsttheanalyticdeterminationof thecoordinatesof theprojectionpointsandtheir
distancefrom theprojectingpoint. Oneof thesetestsusesthefollowing plane

z 	 75 � 3
4

x � 1
2

y 	 75 � 0 � 75x � 0 � 5y (18)

shown in figure5. Pointsaboveandbelow thesurfaceareprojected.
Thecoordinatesof thepointsto beprojectedP � xP � yP � zP � , thecoordinatesof thetheoricprojectedpoints� xNteor � yNteor � zNteor � , thecoordinatesof theprojectedpointsestimatedby themodule � xN � yN � zN � andtheir

distancesfrom P, theoricdteor andevaluatedby themoduled, areshown in table1.
Thedifferencesareverysmall,seetable2, andcanbeascribedto numericalroundoff.
Thedatabaseassociatedto eachsegmentcanbeseenin figure6.
Otherexperimentshave beencarriedout for morecomplex surfacessuchasthoseusedwith the raster

approachin [1], [2] and[3]. Oneexampleis in figure7. All thepointsin thevolumeabovethesurfacehave
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Figure4: Consolehelpof themodulev.perp.seek showing its parameters.

point xP yP zP d xN yN zN
1 37 73 50 29.154164 20.758617 62.172399 28.344844
2 32 25 90 38.253242 10.689646 10.793081 61.586222
3 70 34 100 70.192838 30.896537 7.930995 47.862099
4 50 50 -40 38.996023 71.724147 64.482781 -11.034498

point xP yP zP dteor xNteor yNteor zNteor
1 37 73 50 29.15416809 20.75862069 62.17241379 28.34482758610
2 32 25 90 38.25323966 10.68965517 10.79310345 61.58620689641
3 70 34 100 70.19283783 30.89655172 7.931034483 47.86206896525
4 50 50 -40 38.99602102 71.72413793 64.48275862 -11.03448275847

Table1: Comparisonbetweentheoriccoordinatesanddistancesandvaluesestimatedby v.perp.seek.

beenprojected,so that thecomparisonwith theresultsof ther3.isosurf GRASSmodule,usedfor the
citedpapers,is possible.For everysurfacetheresultsareidentical,it is thereforepossibleto assertthegood
functioningof themodule.

7 Applications

Thefirst applicationis usedasanoverall testof themodel. Infact,Defant’s [5] conditionshave beenused
to evaluateparametersthat arematchedagainsthis sperimentaldata. Accordingto Defant’s measurement
campaignthefollowing conditionsarechosen:

• planarslope;

• uniformsolarcoverageandirradiation;

point di f fdist di f fxN di f fyN di f fzN

1 -4.09E-06 -3.69E-06 -1.48E-05 1.64E-05
2 2.34E-06 -9.17E-06 -2.24E-05 1.51E-05
3 1.69E-07 -1.47E-05 -3.95E-05 3.00E-05
4 1.98E-06 9.07E-06 2.24E-05 -1.52E-05

Table2: Differencesfor projectedpointscoordinatesanddistancesbetweentheoricandestimatedby the
modelv.perp.seek values.
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Figure5: Projectionof pointsontheplanez 	 75 � 0 � 75x � 0 � 5y. Onepoint is below thesurface.Theimage
is anviz modulesnapshot.

• unperturbedandstratifiedatmosphere.

Table3 shows thevaluesof theconstantsandparametersusedto solveequations7 and9.
SincetheC parametervaluesin table3 arevalid only for the initial hoursof the dayor of the night, a

new procedurehasbeensetupfor theevaluationof theC parameteron theslope,which usestheequations
of section2 andthesensibleheatflux is evaluatedby usingther.sun GRASSmodule.Theoutputof this
procedureis a2D mapof thevalueof C for agivenhourof theday. Sincethesuccessiveelaborationis made
by manipulatingdatabasetables,this rastermapis exportedasa vectormapwith anassociatedtable.

The wind velocity alongthe slopeu andthe potentialtemperatureanomaly∆θ areevaluatedwith the
following procedure:

• for eachpoint thenormaldirectionto theDTM surfaceis evaluatedby thev.perp.seek module;

• for eachpoint thevalueof C is readfrom thedatabasetable;

• equations7 and9 aresolvedusinga SQLstatement;

• theresultingtableis associatedto theinputvectorfile containingtheinvestigatedpoints,replacingthe
original table.

All thedatabasemanagementis doneby PostgreSQLvia thepg GRASSdriver, this allows greatflex-
ibility andovercomesthe impossibility (at time of writing) of addingnew fields to a tablewhenusingthe
internaldbf driver.

The GRASScommandsusedin this procedurearedb.copy, v.db.connect andv.category,
while theSQLquerysolvingequations7 and9 is

CREATE TABLE wind
AS SELECT n.cat, (C.value*exp(-n.distance/34.4)*
*cos(n.distance/34.4))
AS delta_theta,
(C.value*sqrt(9.8/288*0.71/0.002)*exp(-n.distance/34.4)*
*sin(n.distance/34.4))
AS u,
(C.value*sqrt(9.8/288*0.71/0.002)*exp(-n.distance/34.4)*
*sin(n.distance/34.4)*n.wind_x)
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Figure6: Outputfrom themodulev.perp.seek: attributesof onegeometricfeature(line) areshown on
theright side.

AS ws_x,
(C.value*sqrt(9.8/288*0.71/0.002)*exp(-n.distance/34.4)*
*sin(n.distance/34.4)*n.wind_y)
AS ws_y,
(C.value*sqrt(9.8/288*0.71/0.002)*exp(-n.distance/34.4)*
*sin(n.distance/34.4)*n.wind_z)
AS ws_z
FROM n, C WHERE C.cat = n.cell;

Theresultsof theapplicationof themodelmatchthesperimentalmeasurementin [5], theoutlineof the
temperaturedistribution in thedayandat night is shown in figure8.

Otherapplicationshavebeencarriedout for realslopesnearTrento.Theoutputof themodelfor aslope
nearthevillage of Besenello,10km southTrentoalongtheAdigevalley areshown in figures9-11.

Thesameslopehasbeeninvestigatedin [1], [2] and[3] with a rasterapproach:thecomparisonof the
resultsin figures12 and13 showsa goodagreementbetweenthetwo solutions.

8 Vector vs raster approach

Thecomparisonof rasterandvectorapproachescanbedonein termsof overall performanceof theproce-
dure,taking into accountelaborationtimes,easeof datamanagementandflexibility , andof efficiency for
theimplementation.

The implementationof the vector approachhassuffered from the early stageof the GRASSvector
implementationandin particularof thegeometry-databaselink. Thereforethewriting of thev.perp.seek
moduleandthe generalsetupof the procedurehastaken longerthan it would today, with a moremature
GRASSvectorimplementationanda morecompletedocumentation.

Theperformancecomparisonbetweenrasterandvectorapproacheswith respectto computationalweight
for the determinationof the parameterson a regular domainawardsthe rasterapproach,sincethe higher
computationalcostis associatedto thedeterminationof thepoint on thesurfacethoughthepoint alongits
normaldirection.Infact,therasterapproachallowsto storein memorytheresultof theadjoiningcell,which
canbeusedasstartpoint for thesearchon thenext voxel. Theassumptionthattwo successivepointsduring
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Figure 7: Two views of the DTM andof the normal segmentsfrom the centersof the voxels above the
surface.

theelaborationareneardoesnot hold for thevectorapproach:it is thereforeunavoidableto startwith wider
“searchwindow” (seesection4). This resultsin longerelaborationtimesandhighermemorydemand.

On the otherhandthe vectorapproach,with DBMS attribute management,allows greatflexibility in
thedefinitionandmanipulationof attributeandgeometry. Attributemanagementbenefitsfrom all thetools
availableusingaDBMS, sincebothinputandoutputof themodelcanbefully expressedasdatabasetables.
Geometryflexibility is the mostevidentadvantageof the vectormodel,allowing the evaluationof the pa-
rametersin asinglepointor on irregularsetsof point. A typicalchoiceis theuseof irregulargridsof points,
with moredensepointsneartheterrainsurfaceandmoresparsepointsfar from it.

In conclusion,for regular domainsthe rasterapproach,showing bettercomputationalperformance,is
preferable,while for irregularsetof points,or if attributesarestoredin a database,thevectorapproachis a
betterchoice.

9 Conclusions

The new GRASSvector model, its implementationand databaseconnectionconstitutea powerful envi-
ronmentfor the setupof physicalmodelsin 3D domains.The choicebetweenvectorandrasterapproach
dependson themodelandon thegeometryinvolved,asseenon section8. Thevalueaddedby thedevelop-
mentof a local atmosphericmodelin a GIS context lies in theavailability of a properenvironmentfor the
managementof referencedinformationandin thepossibilityof integratingthemodel’s resultsin a broader
environmentalmodel.GRASSmodules,suchasr.sun andr.slope.aspect, arevery usefulto build
mapsthatconstituteintermediateresultswhich arefed to themodel.

Thefuturedevelopmentsof theatmosphericmodelincludetheevaluationof otherparametersandamore
sophisticatedmodelingof theinfluenceof thelandcoveronsensibleheatfluxes.

FromtheGIS point of view, apartfrom a generaloptimizationof thealgorithms,theattributemanage-
ment througha DBMS still needssomework and the whole proceduremust be madeautomaticthough
scriptingto make themodelavailableto nonGISspecialists.
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Figure8: Outputof the modelfor the Defant’s parametersset: day (left) andnight (right) temperature( k )
distributionalongtheslope.
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Figure9: Temperature( k ) distributionon theslopenearBesenelloduringtheday.
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Figure10: Potentialtemperatureanomaly( k ) distributionon theslopenearBesenelloduringtheday.
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Figure11: Wind velocity (ms � 1 ) alongthe slope(hereindicatedaswind speedws) nearBesenelloduring
theday.
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Figure12: Comparisonof thewind velocityalongtheslope(hereindicatedasws) nearBesenelloduringthe
dayfor thevector(ws_vector)andraster(ws_voxel) approach.

Figure13: Comparisonof thepotentialtemperatureanomaly ( k ) alongtheslopenearBesenelloduring the
dayfor thevector(vect)andraster(voxel) approach.


