Is the Fractal Model Appropriate for Terrain?
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Although it hasbeensuggestedhat the fractal spectrumf ¢ is to be preferredfor theoreticalreasonover other
spectrafor modelingmary naturalphenomenatheoreticaland empirical agumentsfor consideringother typesof
spectrawill bementioned.

Severalresearchersave concludedhatthef 9 spectrum(or equivalentlythe“fractal dimension”)is not adequatéo
describenaturalphenomenaf interestoverall scaled5, 8]. Empiricalstudiesof the possiblefractalnatureof various
phenomendave alsofoundthatthe fractal dimensionis often differentat differentscalesalthoughrangesof scales
describedoy a constandimensionwerefound[4, 1]. In factthereis arelationbetweerthe fractaldimensionD and
theexponentd in thefractalpower spectrunf 9 [12]
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for afunctionof EuclideandimensionE . Thus,ananalysiswherethe fractaldimensionis allowedto vary with scale
is equivalentto a form of spectralanalysis.The “piecavisefractal' approachs restrictedhowever, in that nonsensi-
cal nggative fractal dimensionsor fractal dimensiongyreaterthanthe dimensionof the embeddingspacecanresult
from spectralexponentsthat are physically quite reasonable A piecavise fractal spectrummustbe monotonically
decreasingndhencecannotdescribeoscillatoryphenomenauchaswaves. Ironically, the fractaldimensionis often

estimatedrom the power spectrunor autocorrelatiodunction[1].
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Theseargumentsdo not dery thatthe assumptiorof a power-law spectrumis a corvenientanalyticalsimpli cation.
If “fractal analysis”is to be morethana procedureof tting straightline segmentsthrougha spectruncurve plotted
on log-log axes, hawever, it shouldbe establishedthat the attributed power law is accurateover an unexpectedly
broadfrequeng interval, or that therearetheoreticalreasondor expectingthis spectrum. The often-citedfractal
interpretationof Richardsors coastlinedatahasbeenquestionedn thesegroundsbecauséhe datadescribea fairly
limited rangeof scalegqlessthantwo ordersof magnituddn all but onecase)andbecausdhereis noreasorto expect
the processefvolvedin very large scale(continentformation)andsmall scalecoastlineformation(e.g. erosion)to
have similar statisticq9, 10]. It alsoappearghatthe nominall=f noisesin electricalcircuits mayonly approximate
fractalbehaior [6]).

Theoreticaimodelspredictingthe fractal spectrumhave not beenforthcomingin mostcaseganexceptionis thewell
establishedKolmogoroy  5=3 law in the statisticaltheoryof turbulence[7]). In fact,thef ¢ spectrumis a priori an
unlikely choicefor a theoreticalmodel,sincethe integral of this function diverges,and consequentlya phenomenon
that strictly obeys this spectrumis nondifferentiableand hasin nite characteristicglength, averagepower). The
viability of this aspecbf thefractalmodelwasalsoquestionedn the geophysicaliterature[3, 10].

Althoughsomefractal practitionersstatethatthefractalmodelis only intendedo applyoveralimited rangeof scales,
the global propertiesof self-similarity andnon-differentiabilityarethe distinguishingfeaturesof the fractalmodel. If
thesefeaturesarenot required,one could adoptotherspectrathatfall off accordingto a power law over the desired
rangeof scales.For example,the Markov-like spectra( + f) ¢ arecommonlyusedasa*“ rst-order t’ for mary
phenomenathesespectraaresimilar to the fractal spectrumat high frequencieyet do not diverge at low frequencies
(theMarkovianspectrum(d = 2) hasaphysicalbasis,e.g.,in Langevin's equatiorfor Brownianmotion[13]).

One advantageof the fractal model over mary othersis thatit generatesletail at all scales. The generalspectral
modelingapproactadwocatecherecanalsogenerataletailatall scaleswithoutsacri cing differentiabilityandscale-



Figurel: Fractalsurfacewithout power modi cation.

Figure2: Non fractal (oscillatory)surface.




Figure3: Pavermodi ed fractallandsape.

dependenteaturesThenondifferentiabilityof thefractalmodelsresultsin terrainsthatin theauthors opinionappear
tooroughatsmallscaleqe.g.,Figurel and[11]). Mostof theterrain gures accompaningthis articlewereproduced
usingtwo-dimensionalariationsof a “Markaussian”autocorrelatiorR( ) = exp(j j )withl< < 2, which
producesioisedalling betweertheextremesof the Gaussiarftoo smooth)andMarkovian (usuallytoo rough)textures
shavnin Figure6.

The desirability of scale-dependerfieaturesfor visual modelingis alsoobvious: mostvisual phenomengrovide at
leastan approximatesenseof scale(atmospherigghenomenare perhapshe exceptionagain). As an illustration,
onewould be surprisedo nd aterrainsuchasFigure3 atone's feet,andthe scale-dependemepressions Figure
4 certainly do not detractfrom the realismof that terrain. The lack of scale-dependerieaturescanbe a practical
problemin visualterrainsimulation,sincewithout suchdetailthe obserer cannotudgethedistanceo the“ground”.

We concludethat, althougha singledescriptorsuchasthe fractal dimensionor spectrumexponentmay be adequate
for someclassi cationpurposesthevalidity of thefractalmodelis notwell establishedor mary naturalphenomena,
andit is evidentthat the visual characteristicof mary phenomenaannotbe adequatelydifferentiatedusing only
this model. For example,it wasfoundin [1] thatanairportrunway hada fractaldimensionidenticalto thatof some
topographicatlata theinterpretatiorbeingthatthis wasdueto the attenuatedow-frequeng variationof the runway.

Spectraimodelingwith Gaussiamprocessepermitsthedescriptiorof avarietyof phenomenancludingfractalnoises
asaspecialcase Importantperceptuatharacteristicef the noise,suchasscale periodof oscillation,anddirectional
tendenciesiredirectly re ectedin thenoiseautocorrelatioriunction. Othercharacteristicsuchasdominantscaleof

detailandthe small-scaleor high-frequeng behaior of the noiseareeasieito specifyin thefrequeng domain,using
theintuitive interpretatiorof the spectrumastheamountof detailat eachscale.

These comments originally appeared in section 6.1 of the academic paper [2].
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Figure5: Non-fractalsynthetidlandscape.

Figure6: Severaltexturesproducedusingthe generalizedsubdvision technique.Clockwisefrom top-left: Marko-
vian, oscillatoryMarkovian (shadedisanobliquelyilluminatedheight eld), Gaussianand(isotropically)oscillatory
“Markaussian'textures.




