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Abstract

A vectormodelhasbeensetupto evaluatewind speedanddirectionfor thermallydriven slopewinds.
This modelis basedn anextensionof the Prandtimodelandusesthenev GRASS3D vectorimplemen-
tationaswell asits connectiorto externalDBMS. This modelfollows the modelfor the rasterapproach
to alocal metereologicaimodelfor the evaluationof temperaturewind speedandhumidity [1], basedon
the 3D rasterGRASS capability The new vectorimplementatiorallows the evaluationof temperature,
wind speedanddirectionon a setof irregularplacedpoints,while therasterapproachs constrainedo use
pointson aregulargrid. Moreover, all theattributesthatareusedasparameterin the modelaremanaged
throughPostgreSQLland SQL queries. A new GRASSmodulehasbeenwritten to evaluatethe normal
directionthrougha pointin the 3D spacesinceall the modelparametersiependon the distancefrom the
surfacealongthe normaldirection. A comparisorbetweerthe vectorandthe rasterapproachin termsof
implementatioranduse,is presentedFinally a syntheticandareal simulationanda comparisorwith the
rastermodelresultsarereported.

1 Introduction

The integration of ervironmentalmodelsand GIS is driven by the effort towardsthe developmentof a
comprehensie descriptiorof asystemwhereeachinterrelatedactorcanbecorrelatedy its positionin the
spacelnfact,the managementf hetherogeneudatalinked by their positionis whatGlSsareabout.

The developmentof a modelfor local atmosphericstudy within a GIS ernvironmenthasstartedsome
yearsago,resultingin alocalthermallydrivenslopewindsmodelbasednthe 3D rasterGRASSmodel[1],
[2], [3]. This modelevaluateswvind velocity and(potential)temperatur@anomalyin avolumeoveraslope.

The (3D) rasterapproachmplies that, while it possibleto choosethe resolutionalongthe threeaxes,
the variablesmustbe estimatecdbver the whole domain. Sinceheary geometriccalculationis involved for
the determinatiorof the normaldirectionto the terrainsurface,this canbe needlesburdensomevhenthe
valuesin only a small setof point areneeded.For examplethe modelhasbeentestedmatchingits output
againstthe measuremertaken by a motorglide in the Adige valley, about2 km wide, with anentiretrack
about15 km long and2 km high [4]. Thetotal air volumeinvolvedin the measurements about60 km?,
thereforea discretizatiorwith 10x10x10metersvoxelsimplies 60 millions of cells.

A vectorapproachwherewind velocity and(potential)temperaturanomalycanbeevaluateconanarbi-
trary setof points,makesthe matchingbetweersimulatedandmeasuredaluesfeasiblesinceit is sufficient
to performthe calculationsonly onthe glide trajectory whichis determinedyy GPS.

Therefore the first goal of this work is to implementall the geometricpart of the modelfollowing a
vectorapproach Moreover, the applicationof the modelcanbe madefasterandmore easilymanageabld
all thenongeometrig'semanticpartof themodelis storedandmanagedy a databasenanagemergystem,
linkedto geometricdata.

A sidepurposeof this work is the testingof the new GRASSvectormodelbothfrom the userandfrom
the programmeperspectie.

2 Thermally drive slope winds

Thediurnalcycle of incomingsolarradiationandoutgoinglongwave radiationat night determines cyclical
heatingand cooling of the air layerscloserto the ground,causingairflows along slopingterrains. These
slopewinds are more relevantin mountainvalleys, wherethe temperaturegradientsdue to the mountain
slopesinfluencethe lower air layersandthewholeair motioninsideavalley is affected[7].
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The theoreticalformulation for thermally inducedflows on a slopehasbeenprovided by Prandtl[6],
confirmedby the sperimentalvork of Defant[5]. A slopinggroundis modeledby a tilted plane,with an
anglea with respecto the horizontal while theatmospheraboveis unperturbedndstable. Two reference
framesareusuallyestablishedoneis the usualCartesiarreferencewith the directionx alongthe slopeon
the horizontalplaneandzin the vertical direction,the secondonehasa coordinates alongthe slopeandn
normalto it (seefigure 1).

a X

Figurel: Referencesystemonthetilted planmodelingthe slopingground.

Air movementsandtemperaturelistribution aredueto the heatfluxesthe air volumeis exposedo. The
mainenepgy sourcels the solarradiation,this enegy is partly reflectedbackto theair by theterrainsurface
andpartly adsorbedy theground;this latterpartis in turn dividedin heatflux into thegroundandsensible
or latentheatflux corveyedbackto theair layerscloserto thesurface.

Indicatingaspositive the heatfluxesfrom the groundto the atmospherethe heatbudgetcanbewritten
as

—Q5s=Qu+Q-Q¢ (1)

where Qg is the net solar radiationflux, Q. the sensibleheatflux, Qg the latentheatflux and Qg
the groundheatflux. The incoming net radiationflux Qg is evaluatedasa fraction of the extraterrestrial
solarradianceaking into accountreflectionandabsorptiorby the atmosphereandthe groundflux Qg is
estimatedasa fractionof the netradiationflux Qg by

Qg = aQs (2

wherethe coeficienta rangesrom 0.1 for the daytimeto 0.5 for the nighttime. A simplerformulation
setsthisratioto 3/10

Qz =03Qs ®3)

Sensibleheatflux andlatentheatflux areestimatedy closingthe budgetequation after having chosen
aproperratio betweerthetwo, the so calledBowenratio coeficient 85

R}
BR_QE

A moredetaileddiscussiorof the determinatiorof theseheatfluxescanbe foundin [1], [2], [3], where
referencesreprovided.

The evaluationof the the sensibleheatflux Q, is essentiafor the estimationof temperatureandwind
velocity over the slope. Ratherthanto absoluteemperatureheatexchanges relatedto potential tempera-
ture, thatis thetemperatureéhatanair parcelvolumewould haveif ledto areferencepressurgusually1000
hPa) alongan adiabatictransformation.The link betweenabsoluteT andpotential@ temperaturés given
by thewell known Poissorequation

(4)

o-r(3)°

wherep is theatmospheripressurep, is thereferencepressureR, = 287 JK1kg~! the gasconstant
for dry air andcp = 1004 JK~1kg~1 is the specificheatat constantpressure.Heatingand cooling of the
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groundimpart an anomalyAB8 on the potentialtemperaturewhich in an unperturbecatmospherehows a
positive gradient

6=A+Tz+A6(n) (6)

wherezis theverticalcoordinateandn thenormalcoordinateo theslope(seefigure 1), I' is thepotential

temperaturevertical gradientin standardatmosphericconditionsand A an integration constant(i.e. the
temperaturat soil level). Theanomalyof potentialtemperaturd 6 canbewritten as

AG=Ce T cos(?) (7)

whereC is the potentialtemperatureanomalyat groundlevel, andl is the typical length scaleof the

phenomenon
VAVIRY;
— A4 _"H%k
= \/ gBr sina (®)

where again,v,, is theair thermaldiffusivity, v, is theair kinematicviscosity g thegravity acceleration,
B = 27315 ! anda theslopeangle.
Thesesameparametersanbe usedto estimatethewind velocity componentlongthe slope

gBvy

u==C_
ka

et sin(lﬂ) (9

The value of the integration constantC can be evaluatedby imposingthe boundarycondition at the
ground-atmosphermterfacethat the (potential)temperaturevariationin the n directionis proportionalto
thesensibleheatflux Q, asexpressedy the Fourierlaw

onb6
H on
wherek,, is theair thermalconductiity; the potentialtemperatur@nomalyvariationalongthe s coor

dinatecanbe neglectedif the motionis uniform alongthe slope.By substitutingequation? in 10,C canbe
expresse@ds

QH:_k

(10)
n=0

c= Sl (11)

Ky
It is possibleto take into accounthe effectsof watervapor, modifying the Prandtls model,by introduc-
ing thevirtual potentialtemperature,

Ry

8, = (1+061Q)T (p—;) ® _ (140610 (12)

whereq is the specifichumidity. The expressiondor 8, andu canbe derived by applyingthe same
procedureabore, but in additionto the heatbudgetconditionof equationl the conserationof moistureflux
Ry mustbeimposed?2].

3 GISprocedure

As seenin the previous section,the evaluationof (potential)temperaturanomalyandwind velocity along
asloperequiresthe knowledgeof the sensibleheatflux on the surfaceandof the distanceof the point from
thesurfaceitself, alongthe normaldirection.

The sensibleheatflux canbe evaluatedfrom the incidenceangle betweensolar beamsdirectionand
the normalto the surface,the atmospherdeaturesandthe land cover. The incidenceanglecanbe easily
determinedn GRASSby ther . sun module. The relevant atmospheriqarametersre the absorption,
reflectionandtransmissiortoeficients,the atmospheri¢gransmissiity andthe cloud coverfactor Theland
cover influenceis taken into accountby the albedo,soil thermalcapacityand, for vegetationcover, leaf
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resistancdo vaporflux. All theseparametersnustbe availableasgeographicallyreferencednformation,
sothattheir combinatiorto evaluatethe sensibleneatflux is possible.In therasterapproacteachparameter
is representedy a raster2D mapon theterrainor a setof atmospherigparametersin the vectorapproach
the parametersirestoredin adatabasandlinked dynamicallyto the (vector)geometry

Theonly rastermapis the digital terrainmodel(DTM), but avectorDTM suchasa TIN canbe used,
exploiting the new GRASSvectorcapabilities.

4 Evaluation of the normal to a surface

The terrainsurfaceis expressedy arasterDTM and slopeandaspectmapsare easily evaluated. While
the gradientcomponent®f the DTM would be moresuitablefor the determinatiorof the normaldirection
thougha pointin the spacethe wide availability of slopeandaspectinformation makestheseparameters
preferablefor thistask.

The main problemin the individuation of the normalto a DTM througha point is thatin generala
DTM doesnot describea simple geometricknown surface,thereforeit is not possibleto write an explicit
expressiorfor thenormaldirection. Theworkaroundcomesfrom the obsenationthatfor pointscloseto the
surfacethedistanceonthesurfacebetweemormal andvertical projectionis usuallysmall,save for singular
situations. The determinatiorof the vertical projectionon the surfaceis trivial andthis point canbe used
asstartingpoint for the searchof the normalprojection,which is the point correspondingo the minimum
distance.The algorithmthat evaluatesthe normalto a surfaceusesthis proposition,startingfrom a point
closeto thesurfaceandmoving towardsthe interestingpoint.

LetP (Xp,Yp,Zp) bethepointto beprojectedandV (x,,,,2,) theverticalprojectiononthesurface the
segmentPV is dividedinto k parts,eachwith edgepointsR, (i) with coordinategjivenby

Ry ()06 — 1 Yp— i Zp =i a3)

with i runningfrom 0 to k, whereobviously R, (i) =V for i = 0, R, (i) = P for i = k andlower values

of k correspondo pointscloserto the surface. The algorithmstartswith k = 1, for this pointR, (1), which
is closeto theterrainsurface,the normalandvertical directionare close,unlessthe slopeis very slanting
or a singularity of the surfaceis involved. Therefore,a windows of pointsunderR,(1) is scannedand
the distancesrom R, (1) andthe centersof all thesecells are evaluated. Thenthe point Q (X, %)

correspondingo the shortestdistanced,;,, = PQ is selected.

Theversor
RO
min
identifiesthedirectionof theseggmentfrom R, (1) to Q, whichin generals notthenormaldirectionsince
only thecell centersaretested.Still, it is possibleto evaluatethe normaldirectionto theterrainsurfacefrom

theDTM gradientfor thecell to which Q belongs.This is doneby calculatingthe versor

ﬁ X z
vDTM T (O D, B (15)

1ol a2+ 0,24 02

If V= Vpru then V', is the normal direction throughR, (1), otherwise,as usually happensthe
distancefrom Q to the normalprojectionpoint N canbe evaluatedasfollows:

d:|vQ'vDTM|”P_Q” (16)

andN is foundby moving of d alongthe oppositedirectionof VDTM

N=P—Vppyd 17)

Oncethe projectionpoint N for R, (1) is found, the procedureis iteratedfor the otherk — 1 points.
However, afterthefirst iterationthe point N of the previousiteration, ratherthanthe vertical projection,is
usedasstartingpointfor thesearch.
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Figure2: Scanningvindow overthe DTM for the searchof the minimumdistancepoint.

Thetwo parametershatmustbe chosenin this procedurearek, the numberof segmentsinto which the
vertical sggmentfrom the point to the surfaceis divided, and m, the dimension,as numberof cellsin its
side,of thesquaresearchwindow ontheterrain. Theseparameteraresetasatradeoff betweertherisk of
selectingthe wrong point on the surfaceandthe computationatost. Infact, the choiceof large valuesfor
k increaseshe numberof iterationof the procedureabore, while smallvaluesof k canleadto situationsin
which the hypothesighat normalandvertical directionsare closedoesnot hold, resultingin the failure of
thealgorithm. The selectionof large valuesof m causeghe needof scanninga large numberof cellswhen
looking for the distanceminimum (the numberof scannedellsscaleswith n?), howeverasmallvalueof m
canleadto theindividuationof alocal minimumfor thecells’ centers pointdistanceswhichis notthereal
minimum, resultingagainin afailure of the procedure.

OncetheprojectionpointN coordinategreknown, it is possibleto evaluatethedistanceof a pointfrom
the surfacealongthe normaldirection,i.e. calculatethe n coordinateof section2. Moreover, the address
cell underthe pointin the normaldirectionis known, thereforethe sensibleheatflux canbe evaluated.

5 Implementation

The algorithmdescribein section4 hasbeenimplementedasa new GRASSmodulev. pep. seek, tak-
ing adwantagefrom the new GRASS vector architectureand the possibility of link to databases.The
V. pep. seek modulecreatesa tridimensionalvector map of the sgmentsthat connecteachinput point
with its projectionon a DTM. To eachsggmenta tableis associatedstoringthe following information: the
coordinate®f the point to be projected the coordinatef the projectionpoint, the distancebetweerthese
points,theindexesof the DTM cell containingthe projectionpoint andthe coordinateof the baricenterof
thecell. This modulehasbeenwritten to implementa modelof local thermallydrivenslopewinds,however
it asbeendesignedwith a moregenericusein mind: it solvesthe geometricpart of the problemwith no
referenceo the atmospherienodel. For example,it is possibleto evaluatethe normaldirectionto a surface
for pointsbelow the surface:while it makesno sensdor theimplementatiorof anatmospherienodel, this
canbeusedin otherapplications The HTML manualof themodulev. per p. seek is shavnin figure 3.
Theinputof themodulesconsistsn: avectormapcontainingthe pointswhosenormalmustbeevaluated
andthreerastermapsrepresentinghe DTM, the slope(in degrees)andthe aspect(in degrees),the latter
two are usedto evaluatethe local gradientof the surfaceand canbe easily createdin GRASSusingthe
r.sl ope. aspect module. For complex (concae) terrain morphologiesit is possiblethat there exist
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DESCRIPTION

v.perp.seek generates a 3D vector map of lines. Every line connects the point to be projected {wich is read from an input 3D vector
file of points) and the normal projection on DTM, calculated by the module. In the linked table are stored several information above
the projections: the coordinates of the point to be projected, the distance between the two points, the coordinates of the narmal
projection, the number of the cell whwr the projection falls, the two planimetric coordinates of the cell in which projection falls, the
directions of the gradient versor and the components of the maximum slope direction. The user must specify:

. the 3D vector file for the points;
. the input efevation file name;

. the output file name;

. the slope file (degrees);

. the aspect file (degrees ).

[, R O PV R

Moreover, the module needs to specify two further parameters:

+ the number tim of slices to cut the line joining the point to project with his vertic al projection on DTM into;
+ the dimension maskof the neighborhood matrix containing DTM's points where the normal projection is iterativelly computed.

The raster elevation map layer, specified by the user, must contain true elevation values, not rescaled or categorized data.

The raster aspect map layer indic ates the direction that slopes are facing. The aspect categories represent the number degrees of
east.

The raster slope map layer contains slope values, in degrees of inclination from the horizontal.

NOTES

The algorithm used to determine the normal projection is a "user set" neighborhood tool. The vertical projection is cut in several
slices (set by user, too). The point elevated from the first slice, supposed to be rather near the DTM, is connected with each cell of the
elevation file in the window. Thus, it is possible to determine the cell with the minimum distance. Collecting slope and aspect for that

element, the module computes the components of gradient (Horn's formula) and finds the normal projection. iteratively the projection
is found for the next slice and so on, till the top of vertical projection (i.e. the point to be projected) is reached.

NULL cell or cell outside region are setto a defined value (-999.) awoiding errors on searching the projection.

WARNING

The module is still under testing.
REFERENCE
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Figure3: HTML manualof themodulev. per p. seek.

more than one normal, the modulesselectthe direction correspondingo the shortestdistance sincethe
variables(temperatureandwind speedin our model)in one point arelikely influencedmore from closer
pointsonthesurface.

6 Tedts

Before the applicationof the new moduleto the atmospherianodel, sometestshave beencarriedout to
checkits correctfunctioning. In thefirst setof tests,seriesof planeshave beenusedto matchthe resultsof
theuseof the moduleagainsthe analyticdeterminatiorof the coordinate®f the projectionpointsandtheir
distancefrom the projectingpoint. Oneof thesetestsuseshe following plane

zZ= 75—gx—:—2Ly= 75— 0.75x— 0.5y (18)

shavn in figure5. Pointsabove andbelow the surfaceareprojected.

Thecoordinate®f thepointsto beprojected® (Xp, Yp, Zp), thecoordinate®f thetheoricprojectedooints
(XNteor » Ynteor s Zateor ) » the coordinate®f the projectedpointsestimatedy the module(xy;, yy,zy) andtheir
distancedrom P, theoricd,s,, andevaluatedby themoduled, areshavn in tablel.

Thedifferencesrevery small,seetable2, andcanbeascribedo numericalroundof.

Thedatabasassociatedo eachsggmentcanbe seenin figure 6.

Otherexperimentshave beencarriedout for more complex surfacessuchasthoseusedwith the raster
approachn [1], [2] and[3]. Oneexampleis in figure7. All thepointsin thevolumeabove the surfacehave
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B fabio @localhost: fhome/fabio - Shell - Konsole

Sessione Modifica Visualizza Segnalibri Impostazioni Aiuto
GRASS 5.7 .-cvs:™ » v.perp.sesk —--help E]

Description:
given a point calculates the normal projection on a DTM and the distance.

Usage:
v.perp.seek input=name output=name map=name input_slope=name
input_aspect=name trimmer=value window=wvalue

Parameters:
input Input map with points to be projected
output Output map containing projection information
map Input elevation map

input_slope
input_aspect

Mame of SLOPE input file
Hame of ASFECT input file

default: 3

GRASE 5.7.-cwvs:™ > I

]

trimmer Humber of iterastion on wertical projection
default: 3
window Size of the computing windaw

Figure4: Consolehelpof themodulev. per p. seek shawing its parameters.

point | X»  Yp % d XN YN N
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
pOiI’lt X Yp % dteor XNteor Yniteor INteor
1 37 73 50 | 29.15416809 20.75862069 62.17241379 28.344827586Q
2 32 25 90 | 38.25323966 10.68965517 10.79310345 61.586206896%
3 70 34 100| 70.19283783 30.89655172 7.931034483 47.8620689652
4 50 50 -40 | 38.99602102 71.72413793 64.48275862 -11.0344827584

Tablel: Comparisorbetweertheoriccoordinatesanddistancesandvaluesestimatedy v. per p. seek.

beenprojected sothatthe comparisorwith theresultsof ther 3. i sosur f GRASSmodule,usedfor the
citedpapersijs possible.For every surfacetheresultsareidentical,it is thereforepossibleto asserthegood
functioningof themodule.

7 Applications

Thefirst applicationis usedasan overall testof the model. Infact, Defant’s [5] conditionshave beenused
to evaluateparametershat are matchedagainsthis sperimentallata. Accordingto Defant's measurement
campaigrthefollowing conditionsarechosen:

« planarslope;

« uniformsolarcoverageandirradiation;

Table 2: Differencedor projectedpoints coordinatesand distancedetweentheoric and estimatedoy the
modelv. per p. seek values.

point | diffyy | diffy  diffy  diffy
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
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Figure5: Projectionof pointsontheplanez = 75— 0.75x— 0.5y. Onepointis below thesurface. Theimage
isanvi z modulesnapshot.

* unperturbedhndstratifiedatmosphere.

Table3 shavs the valuesof the constantandparametersisedto solve equations’ and9.

Sincethe C parametewraluesin table 3 arevalid only for the initial hoursof the day or of the night, a
new procedurehasbeensetupfor the evaluationof the C parameteon the slope,which usesthe equations
of section2 andthe sensibleheatflux is evaluatedby usingther . sun GRASSmodule.The outputof this
procedurés a 2D mapof thevalueof C for agivenhourof theday. Sincethesuccessie elaboratioris made
by manipulatingdatabase¢ables this rastermapis exportedasa vectormapwith anassociatedable.

The wind velocity alongthe slopeu andthe potentialtemperatureanomalyA6 areevaluatedwith the
following procedure:

« for eachpointthenormaldirectionto the DTM surfaceis evaluatedby thev. per p. seek module;
« for eachpointthevalueof C is readfrom thedatabas¢able;
 equations/ and9 aresolvedusinga SQL statement;

« theresultingtableis associatetb theinputvectorfile containingtheinvestigategoints,replacingthe
originaltable.

All the databasenanagemenits doneby PostgreSQLlvia the pg GRASSdriver, this allows greatflex-
ibility andovercomegheimpossibility (at time of writing) of addingnew fields to a tablewhenusingthe
internaldbf driver.

The GRASScommandsausedin this procedurearedb. copy, v. db. connect andv. cat egory,
while the SQL querysolvingequations’ and9 is

CREATE TABLE wi nd

AS SELECT n.cat, (C value*exp(-n.distance/34.4)*

*cos(n. di stance/ 34.4))

AS delta_theta,

(C.value*sqrt(9.8/288*0. 71/ 0. 002) *exp(-n. di stance/ 34. 4) *
*sin(n.di stance/ 34.4))

AS u,

(C. val ue*sqrt (9. 8/288*0. 71/ 0. 002) *exp(-n. di stance/ 34. 4) *
*sin(n.di stance/ 34. 4)*n.w nd_x)
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File Options Help linee

WED A @ mEERSk)  DEES map: lnee’
L@ +/Ovectorl E:g;? B
type: Line
length: 38926023
Line height min: -40.000000 maz: -11.034498

field: 1

category: 4

driver; dbf

database:
‘home/fabio/Documents/gis/test/piano/dbf/
table: linee

key column: cat
cat : 4
o xP : 50000000
yP : 50000000
zP : -40.000000
distance : 38.995023
n? XN @ 71724147

yN : 64482781
ZN : -11.034428

Vector name: ||linee cell : 36
x cell : 75000000

Display: W shape W caiegory W topology W direction | atiribute y eell : 65000000

Type: point @ line @ boundary W centroid W area face VE X : gg;zggi

Line color: [l Fill color: || W fill areas Lahel color: [l / E g 0:742781

Symbol:|basic/circle ~| Size: |5 2 vn x : -0.618031
vn y: -0412021

ﬁelle_Lahel ﬁelle—Lahel xpos| left ~| Label ypos|center i vn z : 0669535

Attribute col| Label size: [5 2 né

Category |

SOL query | use guery

Print query output as text in terminal

Display constraints: Min Max region size

Create new file

Figure6: Outputfrom themodulev. per p. seek: attributesof onegeometricfeature(line) areshavn on
theright side.

AS ws_X,

(C. val ue*sqrt(9.8/288*0. 71/ 0. 002) *exp(-n. di stance/ 34. 4) *
*sin(n.di stance/ 34.4)*n.w nd_y)

AS ws_y,

(C.value*sqrt(9.8/288*0. 71/ 0.002) *exp(-n. di stance/ 34. 4)*
*sin(n.di stance/ 34.4)*n.w nd_z)

AS ws_z

FROM n, C WHERE C.cat = n.cell;

Theresultsof the applicationof the modelmatchthe sperimentameasuremerin [5], the outline of the
temperaturelistributionin the dayandat nightis shavn in figure 8.

Otherapplicationshave beencarriedout for realslopesnearTrento. The outputof the modelfor aslope
nearthevillage of Besenello,10 km southTrentoalongthe Adige valley areshavn in figures9-11.

The sameslopehasbeeninvestigatedn [1], [2] and[3] with a rasterapproachthe comparisorof the
resultsin figures12 and13 shavs a goodagreemenbetweerthetwo solutions.

8 Vector vsraster approach

The comparisorof rasterandvectorapproachesanbe donein termsof overall performanceof the proce-
dure, takinginto accountelaboratiortimes, easeof datamanagemenandflexibility, and of efficiency for
theimplementation.

The implementationof the vector approachhas suffered from the early stageof the GRASS vector
implementatiorandin particularof thegeometry-databadiek. Thereforehewriting of thev. per p. seek
moduleandthe generalsetupof the procedurehastaken longerthanit would today with a more mature
GRASSvectorimplementatioranda morecompletedocumentation.

Theperformanceomparisorbetweenrasterandvectorapproachewith respecto computationalveight
for the determinatiorof the parameter®n a regular domainawardsthe rasterapproachsincethe higher
computationatostis associatedo the determinatiorof the point on the surfacethoughthe point alongits
normaldirection.Infact,therasterapproachallowsto storein memorytheresultof theadjoiningcell, which
canbeusedasstartpointfor thesearchonthenext voxel. Theassumptiorthattwo successie pointsduring
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Figure7: Two views of the DTM and of the normal segmentsfrom the centersof the voxels above the
surface.

theelaboratiomareneardoesnot hold for the vectorapproachit is thereforeunavoidableto startwith wider
“searchwindow” (seesectiond). Thisresultsin longerelaboratiortimesandhighermemorydemand.

On the otherhandthe vectorapproachwith DBMS attribute managementallows greatflexibility in
the definitionandmanipulationof attribute andgeometry Attribute managemertenefitsfrom all thetools
availableusinga DBMS, sincebothinputandoutputof themodelcanbefully expressedsdatabas¢ables.
Geometryflexibility is the mostevidentadvantageof the vectormodel,allowing the evaluationof the pa-
rametersn asinglepointor onirregularsetsof point. A typical choiceis theuseof irregulargridsof points,
with moredensepointsneartheterrainsurfaceandmoresparsepointsfar fromit.

In conclusion for regular domainsthe rasterapproachshawving bettercomputationaperformanceijs
preferablewhile for irregularsetof points,or if attributesarestoredin a databasethe vectorapproactis a
betterchoice.

9 Conclusions

The new GRASSvector model, its implementationand databaseconnectionconstitutea powerful ervi-
ronmentfor the setupof physicalmodelsin 3D domains. The choicebetweenvectorandrasterapproach
depend®n the modelandon the geometnyjinvolved,asseenon section8. Thevalueaddedby the develop-
mentof alocal atmospherianodelin a GIS contet lies in the availability of a properenvironmentfor the
managementf referencednformationandin the possibility of integratingthe model's resultsin a broader
ervironmentalmodel. GRASSmodules,suchasr . sun andr . sl ope. aspect , arevery usefulto build
mapsthat constituteintermediateresultswhich arefed to the model.

Thefuturedevelopment®f theatmospherienodelincludetheevaluationof otherparameterandamore
sophisticateanodelingof theinfluenceof theland cover on sensibleheatfluxes.

Fromthe GIS point of view, apartfrom a generaloptimizationof the algorithms,the attribute manage-
mentthrougha DBMS still needssomework and the whole proceduremust be madeautomaticthough
scriptingto make the modelavailableto non GIS specialists.
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Figure8: Outputof the modelfor the Defant's parameterset: day (left) and night (right) temperaturgk]
distribution alongthe slope.
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Figure9: Temperaturgk] distribution onthe slopenearBesenelladduringtheday.
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Figure10: Potentiatemperatur@nomaly[k] distribution onthe slopenearBesenelladduringtheday.
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Figure 11: Wind velocity [ms~] alongthe slope(hereindicatedaswind speedws) nearBesenelloduring
theday.
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Figurel2: Comparisorof thewind velocity alongtheslope(hereindicatedasws) nearBesenelladuringthe
dayfor the vector(ws_\ector)andraster(ws_voxel) approach
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Figure 13: Comparisorof the potentialtemperatureanomaly[k] alongthe slopenearBesenelloduring the
dayfor the vector(vect)andraster(voxel) approach



