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Effective�gfire-risk �gmanagement�gin�gTasmania�grequires�gvegetation�gmaps�gthat�gcapture�gboth�gbroad�g
fuel�gpatterns�gand�gsmall,�ghighly �gflammable�ggorse�g(Ulex�geuropaeus)�ginfestations.�gYet�ggorse�goften�g
occurs�gin�gfragmented�gpatches�gthat�gdisappear�gin�gcoarser�gland-cover�gproducts,�graising�guncertainty �g
about�ghow�gmuch�gfuel�ginformation �gis�glost�gwhen�gregional�gmaps�gare�gproduced�gat�gmoderate�gor�gcoarse�g
resolution. �gTo�gclarify �gthese�gscale�geffects�gwe�gcompare�gObject-Based�gImage�gAnalysis-Random�g
Forest�gfuel�gmapping�gat�g0.5,�g3�gand�g10 m�gin�ga�gheterogeneous�gTasmanian�gagricultural �glandscape�g
using�gfused�goptical, �gLiDAR�gand�gSAR�gfeatures.�gBeyond�gaccuracy�gat�geach�gscale,�gwe�gquantify �ghow�g
classes�gmerge,�gdisappear,�gor�gpersist�gbetween�gresolutions�gusing�gtransfer�gmatrices�gand�ganalyse�ghow�g
large�ga�ggorse�gpatch�gmust�gbe�gto�gremain�gdetectable�gat�gcoarser�gscales.�gF1�gscores�gare�gconsistently�ghigh�g
across�gscales�g(76%�99%), �gyet�gclass-level�gbehaviour�gdiffers�gsubstantially. �gThe�g3 m�gmodel�gachieves�g
the�ghighest�ggorse�gclassification�gperformance�gwhile �gmaintaining �ggeometric�gcoherence�gof�gthese�g
shrub�gpatches.�gWhen�gtransferred�gfrom �g0.5 m,�g76%�gof�gfine-scale�ggorse�garea�gremains�grepresented�gat�g
3 m,�gcompared�gto�gonly�g36.8%�gat�g10 m.�gDetection�gprobability �gat�g3 m�gincreases�gmonotonically �gwith �g
patch�gsize,�gwhereas�gat�g10 m�geven�glarge�gpatches�g(10,000�30,000 m 2)�gare�gdetected�gin�gonly�g60%�gof�g
the�gcases.�gThese�gresults�gdemonstrate�gthat�ghigh�gwithin-scale �gaccuracy�gdoes�gnot�gguarantee�gcross-
scale�gpersistence�gof�gfine-grained�gfuels.�g3 m�gresolution �gprovides�goptimal �gscale�patch�galignment �g
for�gregional�gfuel-zone�gdelineation �gin�gTasmania,�gwhereas�gsub-metre�gimagery�gis�grequired�gfor�g
explicit �gidentification �gof�gindividual �ggorse�ginfestations.�gOverall,�gthe�gresults�gconfirm �gthat�gspatial�g
aggregation�gdisproportionately �gaffects�gnarrow �gand�gfragmented�gvegetation�gtypes.�gResolution�g
choice�gis�gtherefore�gnot�gmerely�ga�gtechnical�gsetting,�gbut�ga�gdecisive�gfactor�gin�gwhether�ghazardous�g
fine�gfuels�gremain�gvisible�gin�gregional�gfuel�gassessments.

1.�gIntroduction

In�gAustralia, �gbushfires�gare�ga�grecurring �gand�gincreasingly�gsevere�gthreat�gto�gboth�gecosystems�gand�gcommunities�g(Sharples�get�gal.,�g
2016).�gAlthough �gfire �gis�ga�gnatural �gecological�gprocess,�grecent�gdecades�ghave�gseen�gincreasing�gfrequency�gand�gintensity �gof�gextreme�gfire �g

I This�gwork �gwas�gsupported�gin�gpart�gby�gthe�gEuropean�gSpace�gAgency�g(ESA),�gFrance�gthrough �gthe�gprovision �gof�gPlanet�gSkySat�gimagery�gunder�gthe�gThird-Party �gMission�g
Data�gSponsorship�gprogram,�gand�gin�gpart�gby�gPlanet�gLabs�gPBC�gthrough �gits�gEducation�gand�gResearch�gProgram,�gwhich �gprovided�gaccess�gto�gPlanetScope�gimagery�gunder�g
a�gresearch�glicense.
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events,�gdriven �glargely�gby�gclimate�gchange�g(Yu�get�gal.,�g2020;�gShi�get�gal.,�g2021;�gHalgamuge�get�gal.,�g2020).�gEffective�gfire �gmanagement�g
now�gdepends�gon�greliable �gvegetation�gmaps�gthat �grepresent�gfuel�gstructure�gand�gflammability, �gwhich �gguide�gprescribed�gburning, �gasset�g
protection �gplanning, �gand�gearly-season�ghazard�gassessments�g(Taylor�get�gal.,�g2024).�gA�gparticular �gchallenge�gin�gTasmania�gis�gthe�gmanagement�g
of�gUlex�geuropaeus�g(gorse),�gan�ginvasive�gshrub�gthat �gforms�gdense,�ghighly �gflammable�gthickets.�gEven�gsmall,�gscattered�ggorse�gpatches�gcan�g
act�gas�gunexpected�gfuel�gsources,�ginfluencing �gfire �gspread�gand�gsuppression�gdifficulty �g(Hartley �get�gal.,�g2022;�gAnderson�gand�gAnderson,�g
2010).�gHowever,�gthese�gpatches�gare�gdifficult �gto�gdetect�gconsistently�gacross�glarge�gareas�gbecause�gthey�gare�gspatially �gfragmented�gand�goften�g
spectrally�gsimilar �gto�gsurrounding �ggrasslands�gin�gmedium-resolution �gsatellite�gimagery�g(Hartley �get�gal.,�g2022).�gUnderstanding�ghow�gmuch�g
gorse�gdetail �gis�gretained�g(or�glost)�gat�gdifferent �gspatial�gresolutions�gis�gtherefore�gessential�gfor �gfire-risk �gmapping�gand�gregional�gfuel-load�g
assessment�g(Arroyo �get�gal.,�g2008).�gUnlike �gmany�gagricultural �gregions�gwhere�gvegetation�gcover�gis�grelatively �guniform, �gthe�gMidlands�gof�g
Tasmania�gform �ga�ghighly �gheterogeneous�gmosaic�gof�gnative�ggrasslands,�gtussock�gpatches,�gshrub�gcorridors, �gwoodland�gand�gsmall�ggorse�g
infestations�g(Davidson�get�gal.,�g2021).�gVegetation�gstructure�gcan�gchange�gover�gonly �ga�gfew�gmetres,�gand�ggrasslands�galone�gspan�ga�gwide�g
range�gof�gheights�gand�gdensities�g(Cowell�get�gal.,�g2013).�gThis�gfine-grained�gheterogeneity�gmakes�gthe�gregion�gparticularly �gsensitive�gto�g
spatial�gresolution: �gclasses�gthat �gappear�ghomogeneous�gin�gcoarser�gagricultural �glandscapes�gare�gecologically �gdiverse�ghere,�gand�gtheir �gpatch�g
boundaries�gdirectly �ginfluence�gfire �gbehaviour�g(Taneja�get�gal.,�g2021).�gConsequently,�gvegetation�gclassification�gis�gnot�gonly �gmeaningful �gbut�g
essential�gfor �gcapturing �gthe�gfunctional �gdiversity �gof�ggrass-�gand�gshrub-dominated�gfuel�gtypes�gin�gthis�glandscape.

Remote�gsensing�goffers�gscalable�gmonitoring �gcapabilities,�gwith �goptical, �gLiDAR�gand�gSAR�gsensors�gcapturing �gcomplementary�ginfor-
mation �gon�gvegetation�gcomposition,�gstructure�gand�gsurface�groughness.�gSub-metre�gimagery�gresolves�gfine-scale�ggorse�gstructures�gbut�gis�g
expensive�gand�gspatially �glimited. �gFreely�gavailable�gmissions�gsuch�gas�gSentinel-1�gand�gSentinel-2�gprovide �gbroad�gcoverage,�gyet�gtheir �gspatial�g
resolution �goften�gmerges�gor�gobscures�gsmall�gshrub�gpatches�g(Marcinkowska-Ochtyra �get�gal.,�g2018;�gPlakman�get�gal.,�g2020;�gVizzari ,�g2022).�g
Combining�gspectral,�gstructural �gand�gtextural �gfeatures�gwithin �gan�gobject-based�gimage�ganalysis�g(OBIA)�gframework �gimproves�gclassification�g
by�gintegrating �gspectral�grichness�gwith �gcontextual�ginformation �g(Gini�get�gal.,�g2018;�gMohammadpour�get�gal.,�g2022;�gDorigo�get�gal.,�g2012),�gbut�g
the�gdegree�gto�gwhich �gthis�gmitigates�gscale-driven�ginformation �gloss�gremains�glittle �gquantified. �gPrevious�gstudies�ghave�ganalysed�gscale�geffects�g
using�gconcepts�gsuch�gas�gminimum �gmapping�gunit �g(MMU) �gand�gminimum �gdetectable�gpatch�gsize.�gUsing�gsynthetic�gbinary �gpatterns,�gLechner�g
et�gal.�g(2009)�gquantified �ghow�gpatch�garea,�gelongation�gand�ggrid �gposition �gcontrol �gthe�gprobability �gof�gextracting �gsmall�gand�glinear �gfeatures�g
and�gshowed�gthat �ggrid �gcells�gmust�gbe�gmany�gtimes�gsmaller�gthan�gthe�gfeature�gwidth �gto�gachieve�gacceptable�gaccuracy.�gSimilar �gresearch�g
studies�ghave�gshown�gthat �gcoarse�gmaps�gtend�gto�gunderestimate�gthe�garea�gand�gfragmentation �gof�gsmall�gpatches�gor�gdisturbances�g(Xin�get�gal.,�g
2013).�gZhang�get�gal.�g(2025)�gsimulated�gscale�gaggregation�geffects�gand�gshowed�gaccuracy�gdegradation�gwith �gcoarser�gresolution. �gWhile �g
these�gstudies�gprovide �gimportant �gtheoretical �gand�gsimulation-based�ginsights�ginto �gscale�geffects,�gthey�gprimarily �gevaluate�gscale�gthrough �g
controlled �gaggregation�gor�gsingle-resolution�ganalyses.�gIn�gcontrast,�gour�gstudy�gexamines�ghow�gthe�gsame�greal-world �gvegetation�gpatches�g
persist�gor�gdisappear�gacross�gindependently �gderived�goperational �gproducts�gat�gmultiple �gspatial�gscales.

Additionally, �git �gremains�gunclear�ghow�gfar�gfine-scale�gdistinctions �gbetween�ggorse,�ggrass�gcommunities�gand�gforest�gpersist�gwhen�gmaps�g
are�gproduced�gat�gcoarser�gresolutions,�gor�gwhich �gsensor�gconfigurations �gretain �genough�gclass�gdetail �gto�gremain�goperationally �guseful.�gExisting�g
OBIA�gstudies�ghave�gexplored�gsegmentation�gscale�g(Hao�get�gal.,�g2021)�gand�gmulti-sensor�gfusion�g(Vizzari ,�g2022),�gbut�gmost�gassess�geach�gscale�g
independently �grather�gthan�gexamining�ghow�gvegetation�gclasses�greconfigure�gacross�ga�gnested�g0.5�3�10 m �ggradient.

In�gthis�gstudy,�gwe�gextend�gthe�gscale-effect�ganalysis�gfrom �gcomparing�gmap-level�gaccuracies�gto�ganalysing�gpatch-wise�gcross-scale�g
detectability �gof�ginvasive�ggorse�gfuel.�gOur�gpatch-based�gcross-scale�ganalysis�gmoves�gbeyond�gcontrolled �gaggregation�gexperiments�gfrom �g
earlier�gwork �g(Lechner�get�gal.,�g2009;�gXin�get�gal.,�g2013)�gby�gquantifying �gobject-level�gretainment �gacross�gindependently �gsegmented�gand�g
classified�gproducts.�gIt �gthereby�glinks �gthe�gminimum �gdetectable�gpatch�gsize�gtheory�gto�goperational �gmulti-sensor�gfuel�gmapping.�gThe�gstudy�g
aims�gfor �gexplicit �gpatch-size�gthresholds�gand�gscale-dependent�grecommendations�gfor �goperational �ggorse�gand�ggrass�gfuel�gmapping�gin�g
heterogeneous�gagricultural �glandscapes.�gThis�gleads�gto�gthree�gguiding �gresearch�gquestions:

1. How�gdoes�gthe�galignment �gbetween�gspatial�gresolution �gand�gvegetation-patch�gsize�gaffect�gthe�gmapping�gof�gfire-relevant �gvegetation�g
classes�gacross�g0.5,�g3�gand�g10 m?

2. Which�gsensor�gor�gsensor�gcombinations�gprovide �gsufficient �gaccuracy�gfor �gfuel�gmapping�gin�gthe�gheterogeneous�glandscapes�gof�g
Tasmania?

3. How�gdoes�ggorse�gpatch�gsize�ginfluence�gcross-scale�gdetectability �gand�gobject�gpersistence?

2.�gStudy�gareas�gand�gdatabase

The�gstudy�gareas�gare�glocated�gin�gthe�gMidlands�gof�gTasmania�gand�gfeatures�gagricultural �gland,�ggorse,�gdiverse�ggrassland�gcommunities,�gand�g
small�gpatches�gof�gtrees.�gThree�gnested�gsubsets�g(Fig.�g�g1)�gwere�gselected�gbased�gon�gthe�gpresence�gof�ggorse,�grepresentativeness�gof�gagricultural �g
landscapes,�gand�gdata�gavailability, �gcovering�g2.3 km2�g(SkySat),�g23 km2�g(PlanetScope;�gPS),�gand�g210 km2�g(Sentinel-1/-2), �grespectively.�g
Table�g�g1�gsummarises�gthe�gdatasets�gused�gin�gthis�gstudy.

The�gairborne�gLiDAR�gwas�gconducted�gby�gthe�gcompany�gVirtualTas�gduring �ga�gflight �gmission�gwith �gthe�gpurpose�gof�gcreating�ga�gdigital �g
twin �gof�gTasmania.�gIt �gwas�gcaptured�gusing�ga�gRIEGL�gVQ-1560i-DW�gsensor�gfrom �gan�gestimated�gflying �gheight�gof�gapproximately �g700�gmetres�g
above�gground�glevel,�gachieving�ga�gpoint �gdensity�gof�gapproximately �g38.65 points/m 2�g(VirtualTAS,�g2025).�gThe�gLiDAR�gwas�grecorded�gone�g
year�gearlier�g(2024) �gthan�gall �gother�gdatasets,�ghowever,�git �gwas�gobtained�gduring �gthe�gsame�gseason�g(early�gautumn). �gTo�gvalidate �gthat �g
no�gmajor�gvegetation�gchanges�goccurred�gbetween�gthe�gtwo �gacquisition �gdates,�gwe�gvisually �ginspected�gmulti-temporal �gorthophotos�gfrom �g
the�gTasmanian�gLISTMap�gviewer �gfor �g2024�gand�g2025�g(Department�gof�gNatural �gResources�gand�gEnvironment �gTasmania,�g2025).�gWe�gdid �g
not�gobserve�gany�gtemporal�goffsets�gthat �gcould�gaffect�gCHM�g(Canopy�gHeight�gModel)-based�gclass�gdiscrimination. �gA�gSkySat�gcollection �g
was�gobtained�gthrough �gPlanet�gLabs�gand�gEuropean�gSpace�gAgency�g(ESA)�gsponsorship,�gand�gdownloaded�gas�gan�gortho-analytical �gsurface�g
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Fig.�g1.�gOverview�gof�gthe�gstudy�gareas�gin�gthe�gMidlands�gof�gTasmania.�g(A)�gshows�gthe�gcoarse�garea�gwith �g10 m�gSentinel-2�gas�gbasemap.�g(B)�gpresents�gthe�g
mid-scale�garea�gwith �g3 m�gPlanetScope�gimagery�gand�g(C)�gshows�gthe�gfine-scale�garea�gwith �g0.5 m�gSkySat�gimagery.

Table�g1
Overview�gof�gdatasets�gemployed�gin�gthis�gstudy�gwith �gtheir �gsource,�gspatial�gand�gspectral�gresolutions,�gas�g
well �gas�grecording�gdates.

�gData Source Spatial�gRes. Spectral�gRes. Date �g
�gLiDAR VirtualTAS 38.65�gpnts/m 2 � 13/03/2024 �g
�gSkySat Planet 0.5 m RGB+NIR 09/03/2025 �g
�gPS Planet 3 m 8-band 19/03/2025 �g
�gS-1 Copernicus 10 m VV+VH 03/03/2025 �g
�gS-2 Copernicus 10 m 13-band 19/03/2025 �g

Table�g2
Spectral�gbands�gand�gtheir �gwavelengths�gin�gnm�gfor�gSentinel-2�g[resolution �gin�gbrackets],�gPlanetScope�g[3 m] �g
and�gSkySat�g[0.5 m].

�gSpectral�gband Sentinel-2 PlanetScope SkySat �g
�gB01 (Aerosol) 443 (60 m) 431�452 � �g
�gB02 (Blue) 490 (10 m) 465�515 450�515 �g
�gB03 (Green) 560 (10 m) 513�549 515�595 �g
�gGreen II � 547�583 � �g
�gYellow � 600�620 � �g
�gB04 (Red) 665 (10 m) 650�680 605�695 �g
�gB05 (Red edge) 705 (20 m) 697�713 � �g
�gB06 (Red edge) 740 (20 m) � � �g
�gB07 (Red edge) 783 (20 m) � � �g
�gB08 (NIR) 842 (10 m) 845�885 740�900 �g
�gB8A (Narrow NIR) 865 (20 m) � � �g
�gB09 (Water vapour) 945 (60 m) � � �g
�gB10 (Cirrus) 1375 (60 m) � � �g
�gB11 (SWIR 1) 1610 (20 m) � � �g
�gB12 (SWIR 2) 2190 (20 m) � � �g

reflectance�gproduct �gvia�gPlanet�gExplorer.�gThe�gimage�gconsists�gof�gfour �gbands:�gred�g(R),�ggreen�g(G),�gblue�g(B),�gand�gnear-infrared �g(NIR)�g
(RGB+NIR).�gSome�gshadowing�gis�gvisible �gin�gthe�gimage,�gcast�gfrom �gtaller �gtrees.�gThe�gPS�gcollection �gfrom �gthe�gSuper�gDove�gsensor�gwas�g
obtained�gthrough �ga�gresearch�glicense�gfrom �gPlanet�gLabs.�gThe�gimage�gwas�gharmonised�gby�gPlanet�gLabs�gto�gfit �gSentinel-2�g(S-2)�gdata.�gLastly,�g
the�gSentinel-1�g(S-1)�gand�gS-2�gimages�gwere�gdownloaded�gfrom �gthe�gCopernicus�gHub.�gAll �goptical �gdata�ghave�g0%�gcloud�gcover.�gTheir�gband�g
specifics�gare�ggiven�gin�gTable�g�g2.

All �gimagery�gwas�gprojected�gto�gGDA2020/MGA �gZone�g55,�gresampled�gto�ga�gcommon�gresolution �gmatching�gthe�ganalysis�gscale�g(0.5 m,�g
3 m,�gor�g10 m)�gusing�gthe�gnearest�gneighbour�ginterpolation �gmethod,�gand�galigned�gusing�gthe�gPython�gpackage�grasterio�g(v1.4.3) �g(Gillies�gand�g
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Fig.�g2.�gFlowchart �gof�gthe�gOBIA-RF�gapproach�gfor�gvegetation�gclassification�gusing�gLiDAR,�gmultispectral, �gand�gSAR�g(S-1)�gimagery.�gCHM�g=�gCanopy�g
Height�gModel,�gDSM�g=�gDigital �gSurface�gModel,�gDTM�g=�gDigital �gTerrain�gModel,�gGLCM�g=�gGrey�gLevel�gCo-occurrence�gMatrix, �gRVI�g=�gRadar�gVegetation�g
Index.

contributors ,�g2024).�gThe�gVirtualTas�gLiDAR�gwas�gused�gto�gderive�ga�gDigital �gElevation�gModel�g(DEM)�gand�gDigital �gSurface�gModel�g(DSM)�g
at�g0.5 m�gresolution �gto�gcalculate�ga�gCHM.

S-1�gpre-processing�gwas�gdone�gwith �gESA's�gSentinel�gApplication �gPlatform �g(SNAP)�gsoftware,�gincluding �gthermal �gnoise�gremoval,�gorbit, �g
and�gterrain �gcorrection. �gFor�gspeckle�gfiltering, �gthe�gBlock-Matching�g3D�g(BM3D)�galgorithm �gwas�gapplied�g(Dabov�get�gal.,�g2007).

3.�gMethodology

We�gapplied�gan�gOBIA-Random�gForest�g(RF)�gworkflow �gat�gthree�gspatial�gresolutions�g(0.5,�g3�gand�g10 m),�grepresenting�gfine-scale�ggorse�g
fuel�gunits,�gfunctional �gtype,�gand�glandscape-level�gmapping�grequirements.�gAt�geach�gscale,�gwe�galigned�gmulti-sensor�gdata�gand�gextracted�g
spectral,�gstructural, �gand�gtextural �gfeatures�gto�genable�gcomparable�gRF�gclassifications.�gAs�gcan�gbe�gseen�gin�gFig.�g�g2�gthe�gworkflow �gfollowed �g
four �gsteps:�gdata�galignment �gand�gresampling,�gfeature�gextraction �gand�gband�gstacking,�gmodel�gtraining �gand�gclassification,�gas�gwell �gas�gan�g
accuracy�gassessment.�gEach�gspatial�gscale�gwas�gtreated�gas�gan�gindependent�gmapping�gscenario.�gAccordingly, �gsegmentation,�gtraining �gdata,�g
classification�gand�gaccuracy�gassessment�gwere�gdefined�gseparately�gfor �geach�gscale.�gThis�gdesign�greflects�grealistic �gfuel�gmapping�grather�gthan�g
artificial �gmodel�gtransfer�gin�ga�gcontrolled �gsetting.

Table�g�g3�goutlines�gspectral�gband�ginputs�gand�gclassification�gfocus�gfor �geach�gspatial�gscale.�gPrevious�gstudies�ghave�gshown�gthat �gsub-metre�g
imagery�gis�grequired�gto�greliably �gdetect�gtussock-form�ggrasses�g(Pham�get�gal.,�g2024;�gOgliari �get�gal.,�g2023).�gOn�gthis�gbasis,�gwe�gmapped�g
characteristic�gtussock-form�ggrass�gstructures�g(Lomandra�glongifolia)�gat�g0.5�gm�gresolution �g(fine-scale),�gwhere�gthe�gdetail �gwas�gsufficient �g
to�gseparate�git �gfrom �gother�gnative�ggrass�gcommunities.�gAt�gcoarser�gscales�g(3 m,�g10 m),�gsuch�gspecies-level�gdistinctions �gwere�gno�glonger�g
spectrally�gor�gstructurally �gseparable�gand�gwere�gtherefore�gaggregated�ginto �gthe�gbroader�gclass�g̀grass�gcommunities'. �gThese�gclass�ggroupings�g
reflect�gthe�gecological�greality �gthat �gspecies-level�gdistinctions �gare�gdetectable�gonly �gat�gsub-metre�gscale,�gwhile �gbroader�gvegetation�gfunctional �g
types�gdominate�gthe�gspectral�gsignatures�gat�gmedium�gand�gcoarse�gresolutions.�gHowever,�gwith �ga�gcoarser�gresolution, �gthe�garea�gthat �gcan�gbe�g
classified�gincreases�gas�gthe�gcomputational �gload�gdecreases.�gTherefore,�gthe�gtwo �gcoarser�gareas�gare�gten�g(23 km2)�gand�g100�g(210�gkm2)�gtimes�g
the�gcore�gfine-scale�garea.�gAccuracy�gand�gfeature�gimportance�gare�ginterpreted �gwithin �geach�gscale�gonly �gand�gare�gnot�gdirectly �gcompared�g
across�gspatial�gextents�gand�gscales.�gCross-scale�gcomparisons�gare�gbased�gsolely�gon�gthe�goverlapping �gfine�gscale�garea.

By�ganalysing�gthe�gclassification�gperformance�gand�gfeature�gimportance�gper�gscale,�gthis�gstudy�gaims�gto�gquantify �gwhich �gsensor�gtypes�g
provide �gthe�gmost�gvalue�gfor �gdetecting�gfine�ggorse�gfuel�gunits�gat�gvarying �gspatial�gextents.�gAfter �gthat, �git �gis�gtested�gwhether�gthe�gfine-scale�g
approach�gcan�gbe�ginterpreted �gas�ga�guseable�gsignal�gfor �gcoarser�gand�gmore�gcost-efficient�ggorse�gzone�gmaps.

Remote Sensing Applications: Society and Environment 42 (2026) 101996 

4 



S.�gHoyer�get�gal.

Table�g3
Spatial�gscales�gand�gtheir �ginputs/focus �gfor�gvegetation�gclassification.

�gScale Purpose Data�ginputs Classification�gfocus Area�g(km2)�g
�g0.5 m Fine-fuel�gdetail SkySat+CHM Individual �ggorse,�gtussock�gpatterns 2.3 �g
�g3 m Fuel-zone�gmapping PS+S1+S2 Gorse-grass�gpatch�gclusters 23 �g
�g10 m Landscape�gcontext S1+S2 Broad�ggorse/open/forest �gzones 210 �g

Table�g4
Vegetation�gindices�gused�gin�gthe�ganalysis.

�gIndex Equation Reference �g
�gNDVI 𝑁𝐼𝑅−𝑅𝑒𝑑

𝑁𝐼𝑅+𝑅𝑒𝑑
Rouse�get�gal.�g(1974) �g

�gEVI 2.5⋅(𝑁𝐼𝑅−𝑅𝑒𝑑)
𝑁𝐼𝑅+6⋅𝑅𝑒𝑑−7.5⋅𝐵𝑙𝑢𝑒+1

Zeng�get�gal.�g(2022)�g �g
�gSAVI (1+𝐿)(𝑁𝐼𝑅−𝑅𝑒𝑑)

𝑁𝐼𝑅+𝑅𝑒𝑑+𝐿
Huete�g(1988)�g �g

�gNDWI 𝐺𝑟𝑒𝑒𝑛−𝑁𝐼𝑅
𝐺𝑟𝑒𝑒𝑛+𝑁𝐼𝑅

McFeeters�g(1996) �g
�gRVI 4⋅𝜎VH

𝜎VV+𝜎VH Kim�gand�gvan�gZyl�g(2004)�g

3.1.�gFeature�gextraction

To�gimprove �gclassification�gaccuracy,�gwe�gderived�gspectral,�gstructural �gand�gtextural �gfeatures�gfrom �gthe�goptical, �gradar�gand�gLiDAR�g
datasets.�gFrom�gthe�goptical �gimagery,�gwe�gcomputed�gfour �gvegetation�gindices:�gthe�gNormalised�gDifference�gVegetation�gIndex�g(NDVI), �gEn-
hanced�gVegetation�gIndex�g(EVI),�gSoil-Adjusted�gVegetation�gIndex�g(SAVI)�gand�gNormalised�gDifference�gWater�gIndex�g(NDWI) �gfollowing �gXue�g
and�gSu�g(2017)�g(see�gTable�g�g4).�gFor�gSentinel-1,�gthe�gRadar�gVegetation�gIndex�g(RVI)�gwas�gcalculated�gusing�gthe�gdual-polarisation �gadaptation�g
based�gon�g𝜎0𝑉 𝑉 ≈ 𝜎0𝐻𝐻 �g(Kim�gand�gvan�gZyl,�g2004;�gTrudel�get�gal.,�g2012;�gHoltgrave�get�gal.,�g2020),�gwhere�g𝜎0�gdenotes�gthe�gbackscatter�g
coefficient �g(Richards,�g2005).

Textural�ginformation �gwas�gadded�gusing�ggrey�glevel�gco-occurrence�gmatrix �g(GLCM)�gfeatures,�gwhich �ghave�gbeen�gshown�gto�gimprove �g
vegetation�gmapping�g(Mohammadpour�get�gal.,�g2022;�gAgüera�get�gal.,�g2008;�gFeng�get�gal.,�g2015).�gFollowing �gHall-Beyer�g(2017),�gwe�gretained�g
four �glargely�gnon-redundant�gmeasures:�gcontrast,�gmean,�ghomogeneity�gand�gentropy.�gTextures�gwere�gderived�gfrom �gthe�gfirst �gprincipal �g
component�gof�geach�goptical �gdataset�gusing�gstandard�gsettings�g(distance�g=�g1,�g64�ggrey�glevels).�gStructural �ginformation �gwas�gincorporated �g
at�gthe�gfine�gspatial�gscale�gusing�gthe�gLiDAR-derived�gcanopy�gheight�gmodel.

3.2.�gImage�gsegmentation

We�gused�gmulti-resolution �gsegmentation�g(MRS)�gin�geCognition�g(Trimble �gInc.,�g2026),�ga�gcommonly�gapplied�galgorithm �gfor �ggenerating�g
homogeneous�gobjects�gin�ghigh-resolution �gimagery�g(Meinel�gand�gNeubert,�g2004;�gBaatz�gand�gSchäpe,�g2000).�gSegmentation�gparameters�g
were�gtuned�giteratively �gto�greflect�gvegetation�gstructure�gat�geach�gscale.

For�geach�garea,�gthe�ghighest�gresolution �gmultispectral �gbands�gper�gscale,�gthe�gNDVI,�gand�gthe�gtextural �gbands�gwere�gincluded �gin�gthe�gMRS.�g
For�gthe�gfine-scale�gregion,�gthe�gCHM�gwas�gincluded �gas�gwell �gand�gweighted�gwith �ga�gfactor�gof�gthree�gto�gsingle�gout�gtrees�gand�ggorse�gpatches�g
(Table�g�g9�gin�gthe�gAppendix).�gOther�ginput �glayers�gwere�gonly �gweighted�gonce.�gThe�gparameter�gsettings�gdiffered �gbetween�gscales�gto�greflect�g
structural �gcharacteristics�gof�gthe�gvegetation�gpatches�gand�gscale.�gScale�gparameters�gwere�gadjusted�giteratively �gby�gvisual�ginspection.

3.3.�gClassification

OBIA�gwas�gused�gto�greduce�gpixel-level �gnoise�gand�gto�gimprove �gclass�gdiscrimination �gcompared�gwith �gconventional �gpixel-based�g
approaches�g(Niemeyer�get�gal.,�g2008;�gHussain�get�gal.,�g2013;�gKavzoglu�gand�gTonbul,�g2018).�gOBIA�gallows�gspectral,�gstructural �gand�gancillary �g
information �gto�gbe�gcombined�gat�gthe�gsegment�glevel,�gwhich �gsupports�gvegetation�gmapping�gacross�gdifferent �gspatial�gresolutions.�gAs�ga�g
classification�galgorithm, �gRF�gwas�gselected�gfor �gits�grobustness�gto�gmixed�gdata�gtypes�gand�glimited �gtraining �gsamples.�gIn�gOBIA,�gRF�gefficiently �g
integrates�gmultispectral, �gLiDAR,�gand�gradar�gfeatures�gand�grequires�gminimal �gparameter�gtuning �gcompared�gto�galternative �galgorithms �gsuch�g
as�gSupport�gVector�gMachines�g(Breiman,�g2001;�gBialas�get�gal.,�g2019).�gRF�gmodels�gwere�gimplemented�gin�gPython�gusing�gscikit-learn �gwith �g
200�gtrees,�gclass-balanced�gweights�gand�gout-of-bag�gerror �gestimation�genabled�g(scikit-learn �gdevelopers,�g2023).

A�gseparate�gRF�gmodel�gwas�gtrained �gfor �geach�gspatial�gscale.�gEach�gmodel�gwas�gbased�gon�gthe�ghighest-resolution�gbase�gsensor�gavailable�g
(SkySat�gfor �gfine-scale,�gPS�gfor �gmid-scale,�gand�gSentinel-2�gfor �gcoarse-scale)�gand�gused�gscale-specific�gtraining �gdata�gand�gfeatures.�gThis�g
approach�greflects�grealistic �gdata�gavailability �gat�geach�gmapping�gscale.�gThe�ggoal�gwas�gnot�gto�gtransfer�gone�gmodel�gacross�gscales,�gbut�g
to�gquantify �ghow�gvegetation-class�gdefinitions �gchange�gwhen�gsegmentation�gand�gresolution �gdiffer. �gIn�gthis�gway,�gany�gdifferences�gin�g
classification�gperformance�greflect�grealistic �gscale-dependent�gmapping�gconditions. �gTraining �gobjects�gwere�gassigned�gbased�gon�gdominant �g
vegetation�gand�gambiguous�gcases�gwere�gexcluded.�gThe�gclasses�gincluded �gare�ggrass�gcommunities,�gtrees,�ggorse,�gbare�gland,�gagricultural �g
land,�gand�gwater�gfor �gmid-�gand�gcoarse-scales�g(see�gTable�g�g5).�gAt�gthe�gfine-scale�gLomandra�gwas�gadditional �gclassified.�gWater�gpolygons�g
were�gunderrepresented�gin�gthe�gstudy�garea,�gresulting �gin�gfewer�gtraining �gand�gtest�gsegments�gthan�gfor �gother�gclasses�gand�ghence,�gare�g
completely�gomitted �gin�gthe�gfine-scale�garea.�gThe�gfinal �gnumber�gof�glabelled�gobjects�gcan�gbe�gseen�gin�gTable�g�g5.�gTraining �gand�gtesting�gareas�g
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Table�g5
Training �gand�gtesting�gsegment�gcounts�gper�gclass�gand�gscale.�gValues�gare�gshown�gas�gtrain/test,�gwith �gthe�glast�gcolumn�g
giving �gthe�gtotal �gvalues.

�gScale Lomandra Grass�gComm. Trees Gorse Bare�gland Agricultural �gland Water Total �g
�gFine 52/16 50/13 42/16 48/18 54/16 22/9 � 268/88 �g
�gMid � 44/14 35/12 32/13 44/16 43/17 7/4 205/76 �g
�gCoarse � 32/14 42/21 38/18 44/12 44/14 12/5 212/70 �g

were�ggeographically�gseparated�gto�gensure�gspatial�gindependence�gand�greduce�gspatial�gautocorrelation �gbias.�gThe�gareas�gdiffer �gin�gtheir �gextent�g
to�gcover�gthe�gentire�gstudy�gregion�gper�gscale�gand�gto�gtrain �gthe�gRF�gin�gperspective�gof�gtheir �gresolution.

Features�gwere�gextracted�gfor �geach�gsegment�gacross�gall �ginput �glayers�g(spectral�gbands,�gvegetation�gindices,�gtexture�gbands,�gCHM,�gand�g
SAR�gwhere�gavailable). �gFor�geach�gsegment�gper�gband,�gthe�gmean,�gmin, �gmax,�grange,�gand�gstandard�gdeviation �gwere�gcomputed.�gIn�gaddition, �g
chromaticity �gfeatures�gwere�gcalculated.�gGeometric�gdescriptors�gincluded �gobject�garea,�gperimeter,�gand�gshape�gindex.

Each�gscale�gwas�ganalysed�gindependently �gusing�gits�gnative�gsensor�gcombination, �gbut�gthe�gclassification�gparameters�g(number�gof�gtrees,�g
mtry) �gand�gaccuracy�gmetrics�gwere�gstandardised�gto�genable�gdirect �gcross-scale�gcomparison.

To�gevaluate�gthe�gcontribution �gof�geach�gsensor�gand�gfeature�gtype,�gseparate�gRF�gmodels�gwere�gtrained �gfor �geach�gresolution, �gincluding �g
variants�gwith �gVIs,�gtexture�gmetrics�gand�gthe�gCHM.�gFeature�gimportance�gscores�gwere�gextracted�gto�gidentify �gvariables�gcontributing �gmost�g
to�gclass�gdiscrimination �g(Menze�get�gal.,�g2009;�gBreiman,�g2001).�gClassification�gaccuracy�gwas�gassessed�gusing�gspatially �gindependent�gtest�g
objects.�gFrom�gthe�gconfusion�gmatrices�gwe�gderived�goverall �gaccuracy�g(OA),�guser's�g(UA)�gand�gproducer's�gaccuracies�g(PA),�gkappa,�gand�gper-
class�gF1-scores�g(Stehman�gand�gFoody,�g2019;�gCongalton�gand�gGreen,�g2008).�gThe�g0.5 m,�g3 m�gand�g10 m�gclassifications�gwere�ggenerated�g
independently. �gNo�gmap�gwas�gresampled�gor�gaggregated�gfrom �ganother�gscale�gprior �gto�gcomparison.

3.4.�gCross-scale�ganalysis

To�gbe�gable�gto�ginvestigate�gmap�glevel�gconsistency�gand�gquantify �gthematic�goverlap,�gwe�gcalculated�garea-transfer�gmatrices�gbetween�g
fine-,�gmid-�gand�gcoarse-scale�goutputs.�gWe�greport �gforward �grecall�g(fine-to-coarse�gagreement),�gbackward�gprecision�g(coarse-to-fine�g
agreement)�gand�gtheir �gsymmetric�goverlap�gusing�gthe�gDice�gcoefficient, �gcommonly�gapplied�gpolygon-level �gaccuracy�gmeasure�gfor �gobject-
based�gclassifications�g(Guindon�gand�gZhang,�g2017).�gTo�gaccount�gfor �gminor �ggeometric�goffsets�grelated�gto�gco-registration �gor�gsegmentation�g
boundaries,�gall �goverlap�gmetrics�gwere�gadditionally �gcomputed�gusing�gbuffered�gfine-scale�gobjects�g(3 m�gfor �gmid-scale�gcomparisons�gand�g10 m�g
for �gcoarse-scale�gcomparisons).�gThese�gbuffer �gwidths �gmatch�gthe�gtarget�gresolutions�gand�gprovide �ga�grobustness�gcheck�gfor �gboundary-related�g
uncertainties,�gas�git �gwas�grecommended�gby�gTyukavina�get�gal.�g(2025).�gNext�gto�gthe�gmap�gcomparison,�gwe�galso�gquantify �gthe�gretainment �gof�g
the�ggorse�gpatches�gbetween�gscales.�gWe�gtherefore�gcover�gboth�gdirectional �gviews�gof�gobject�gclass�gdisappearance.�gWhole�gmap�gcomparison�g
(top �gdown) �gand�gindividual �gpatch�g(bottom �gup)�ganalysis.�gFor�gthis,�gwe�gderived�gthe�ggorse�gareas�gfrom �gthe�g0.5�gm�gsegmentation�gby�gdissolving�g
gorse-classified�gsegments�ginto �gcontiguous�gpolygons.�gThese�ggeometries�gserved�gas�gthe�greference�grepresentation�gof�ggorse�gdistribution �gat�g
fine�gspatial�gresolution. �gTo�gassess�gcross-scale�gdetectability, �gthe�gindependently �gclassified�gmaps�gat�g3 m�gand�g10 m�gresolution �gwere�gspatially �g
intersected�gwith �gthe�greference�glayer.�gA�greference�gpatch�gwas�gconsidered�gretained�gat�ga�gcoarser�gscale�gif �gthe�ggorse�gclassified�gsegment�g
overlapped�gits�ggeometry�gby�gmore�gthan�g50%.�gPatches�gwithout �gany�ggorse�goverlap�gwere�gclassified�gas�gundetected.�gPatch�gretainment �gwas�g
quantified �gper�gpatch-size�gclass.�gThe�g50%�gcriterion �greflects�ga�gmajority-area �gdefinition �gof�gpatch�gsurvival, �gconsistent�gwith �gdominant �g
class�gassignment�gin�gobject-based�gmapping�g(Blaschke,�g2010).

4.�gResults

The�gresults�gare�gpresented�gin�gthree�gparts.�gFirst,�gwe�gsummarise�gwithin �gscale�gperformance�gand�gthe�gachieved�gaccuracies�gper�gscale.�g
Second,�gwe�greport �gthe�gtransfer�gmatrices�gand�gthematic�goverlap�gof�gthe�gclassified�gmaps.�gThird, �gwe�gassess�gthe�ggorse�gdetectability �gacross�g
scales.

4.1.�gWithin�gscale�gperformance

Fig.�g�g3�gshows�gthe�gsegmentation�gresults�gacross�gall �gscales�gover�gthe�gsame�garea.�gAt�gfine-scale,�gthe�ggorse�gpatch�gis�gover-segmented.�g
Thus,�gsmall�gtussock�ggrass�gclumps�gappear�gas�gseparate�gobjects.�gMid-scale�gsegmentation�gcaptures�gthe�gstructure�gmore�gclearly,�gwith �gtrees�g
grouped�ginto �gsingle�gobjects.�gAt�gcoarse-scale,�gthe�garea�gis�gunder-segmented�gand�gdifferences�gbetween�ggorse�gand�gscattered�gtrees�gare�g
barely�gvisible �gin�gthe�gS-2�gRGB.�gWithin �ga�gcommon�g1�gkm2�ggrid �g(Fig.�g�g3),�gsegmentation�gproduced�g2126�gobjects�gat�gfine�gscale,�g117�gat�gmid �g
scale,�gand�g52�gat�gcoarse�gscale.�gThe�ghigh�gnumber�gat�gfine-scale�greflects�gdeliberately �gover-segmentation�gto�gcapture�gsmall�gtussock�ggrass�g
clumps.�gMid-scale�gsegmentation�gproduced�gspatially �gcoherent�gvegetation�gunits�gthat �galigned�gwith �gthe�g3 m�gsensor�gresolution.

Across�gall �gthree�gresolutions,�gthe�gRF�gmodels�gachieved�ghigh�goverall �gaccuracies,�gparticularly �gat�gfine�gand�gmid �gscales�g(Fig.�g�g4).
Tables�g�g10,�g11,�gand�g12�gin�gthe�gAppendix�greport �gUA�gand�gPA�gfor �geach�gclass,�gtogether�gwith �gconfidence�gintervals �gand�gkappa�gstatistics�g

for �gthe�gbest-performing�gmodel�gat�geach�gscale.�gConfidence�gintervals �gare�ggenerally�gtight �gfor �guser's�gaccuracies�gbut�gwiden �gfor �gproducer's�g
accuracies�gin�gspatially �gfragmented�gvegetation�gclasses,�gparticularly �ggorse�gat�gthe�gcoarse�gscale.�gA�gfeature�gimportance�ganalysis�gfor �geach�g
scale�gis�gprovided �gin�gthe�gAppendix�g(Fig.�g�g7)�gas�gwell. �gThese�grankings�gshow�gthat �gstructural �gheight�gdominates�gat�gfine�gscale,�gwhile �goptical �g
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�g
(a)�gSegmentation�gof�g52�gobjects�gbased�gon�gS-2�gbands,�gtexture,�gand�g
S-2�gbased�gNDVI.

�g

�g
(b)�gSegmentation�gof�g117�gobjects�gbased�gon�gPS-bands,�gtexture,�gand�g
PS-based�gNDVI.

�g

�g
(c)�gSegmentation�gof�g2126�gobjects�gbased�gon�gSkySat�gbands,�gtexture,�g
SkySat�gbased�gNDVI,�gand�gCHM.

�g

Fig.�g3.�gSegmentation�gresults�gfor�g1�gkm2�gfor�gthe�g(a)�gcoarse-scale,�g(b)�gmid-scale,�gand�g(c)�gfine-scale�gresolution �glevels�g(see�gTable�g�g3).

NIR�gand�gvegetation�gindex�gbands�gdrive �gseparability �gat�gmid �gand�gcoarse�gresolution, �gconsistent�gwith �gthe�gscale-dependent�gperformance�g
patterns�gdescribed�gabove.

Fig.�g�g4�gintegrates�gOA�gand�gF1�gacross�gall �gsensor�gconfigurations �gand�gscales�gof�gthe�gthree�grelevant�gclasses.�gFine-�gand�gmid-scale�gmodels�g
cluster�gtightly �gat�ghigh�gperformance�glevels,�gwith �gOA�gexceeding�g90%�gand�gF1�gvalues�gabove�g85%.�gCoarse-scale�gmodels�gexhibit �ggreater�g
variability, �gwith �gonly �gthe�gmost�gfeature-rich �gconfigurations �gapproaching�gthe�gaccuracy�gof�gfiner �gresolutions.�gThis�gspread�ghighlights �gthe�g
stronger�gdependence�gof�g10 m�gOBIA�gclassification�gon�gsensor�gchoice�gand�gfeature�gdesign.�gContrary�gto�ginitial �gexpectations,�gthe�gmid �gscale�g
provides�gthe�gsingle�gmost�greliable �gconfiguration �goverall: �gS-2+VI�gachieves�gthe�ghighest�gcombined�gOA�gand�gF1�gfor �ggorse,�gforest�gand�ggrass�g
communities�gwhen�gbased�gon�ga�g3 m�gsegmentation.�gAt�gfine�gscale,�gthe�gSkySat+VI+CHM+texture �g(Full �gStack)�gstack�gperforms�gbest�gbut�g
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Fig.�g4.�gOverall�gaccuracy�g(OA)�gversus�gF1�gfor�ggorse,�gforest�gand�ggrass�gcommunities�gacross�gall�gsensor�gconfigurations �gand�gscales.�gColour�gindicates�g
scale;�gshape�gindicates�gsensor�gsetup.�gFilled�gmarkers�ghighlight �gthe�gmost�greliable �gconfiguration �gat�geach�gscale.

does�gnot�gsurpass�gthe�gtop�gmid-scale�gsetup.�gAt�gcoarse�gscale,�gthe�gS-1+S-2+VI+texture �g(Full �gStack)�gcombination �gis�gstrongest,�gachieving�g
F1�gvalues�gabove�g83%,�gbut�gsimpler�gconfigurations �gfall �gfar�gbelow,�gunderscoring�gthe�gneed�gfor �gextensive�gfeature�gaugmentation�gat�gcoarse�g
resolution.

4.2.�gCross-scale�gclassification�goverlap

Table�g�g6�greports�gthree�gcomplementary�gmeasures:�gforward �grecall�g(how �gmuch�gof�geach�gfine-scale�gclass�gis�gretained�gin�gthe�gcoarser�g
category),�gbackward�gprecision�g(how �gpure�gthe�gcoarse�gobjects�gare�gwhen�gviewed�gat�gfiner �gdetail), �gand�gthe�gDice�gcoefficient �gas�ga�gsymmetric�g
indicator �gof�goverlap.�gBuffered�gvariants�g(3 m�gfor �gmid-scale,�g10 m�gfor �gcoarse-scale)�gwere�galso�gtested�gto�greduce�gboundary�geffects.�gThe�gDice�g
coefficient �gbalances�gboth�gperspectives.�gResults�gshow�gthat �gclasses�ggorse�gand�gforest�gmaintain �ggood�gcorrespondence�gat�gthe�gmid-scale,�g
but�gtheir �gconsistency�gdrops�gat�gcoarse�gresolution, �gespecially�gin�gterms�gof�gbackward�gprecision.�gGorse�gand�gthe�gherbaceous�gclasses�gdecline�g
sharply�gin�gboth�grecall�gand�gDice�gwhen�gaggregated�gto�gcoarse-scale,�gconfirming �gtheir �gsensitivity �gto�gobject�gsize�gand�gspatial�gcontext.�g
The�gbuffered�gvariants�greveal�gthat �gboundary�geffects�gonly �gpartly �gexplain�gthe�ginconsistencies.�gFor�gstable�gclasses�glike �gagriculture �gor�g
forest,�gbuffered�gand�gnon-buffered�gvalues�gare�gnearly�gidentical, �gconfirming �gthat �gtheir �gspatial�gpatterns�gare�grobust�gto�gedge�geffects.�gIn�g
contrast,�ggorse,�ggrass,�gand�gespecially�gLomandra�gshow�gmuch�ghigher�ggains�gin�gbackward�gprecision�gwhen�gbuffered,�gindicating �gthat �gmuch�g
of�gtheir �gapparent�ginconsistency�gcomes�gfrom �gthin, �gfragmented�gpatches�gbeing�greassigned�gat�gsegment�gboundaries.�gThe�gstronger�gshifts�g
in�gbackward�gprecision�gcompared�gto�gforward �grecall�garise�gbecause�gcoarse�gsegments�gare�gmuch�glarger�gthan�gfine-scale�gpatches,�gmeaning�g
boundary�gpixels�gmake�gup�ga�gbigger�gshare�gof�geach�gcoarse�gunit �gand�gdisproportionately �gaffect�ghow�gpure�gthose�gaggregated�gsegments�g
appear�gonce�gedges�gare�gexcluded.

4.3.�gGorse�gpatch�gdetectability

To�gget�gan�gimpression�gof�gthe�gsize�gof�gindividual �ggorse�gpatches,�gTable�g�g7�gshows�gthe�gstatistical�gdescription.�gThe�gmedian�gpatch�gsize�gis�g
380�gm2,�gwhile �gthe�gmean�gpatch�gis�g1900�gm2,�gindicating �ga�gstrongly�gright-skewed�gdistribution �gdominated�gby�gsmall�gpatches.

Fig.�g�g5�gshows�gthe�gdetectability �gof�ggorse�gpatches�gdepending�gon�gtheir �gsize.�gDetection�gprobability �gincreases�gwith �gpatch�gsize�gat�g3 m�g
sensor�gresolution, �greaching�g100%�gfor �gthe�glargest�gpatches.�gIn�gcontrast,�gthe�g10 m�gclassification�gretains�gonly �g60%�gof�gthe�glargest�gpatches�g
and�gshows�gno�gconsistent�gmonotonic �gsize�gresponse�gpattern.

Fig.�g�g6�gvisualises�gthe�gdetected�ggorse�gpatches�gin�gthe�gfine�gscale�garea.�gThe�glarge�ground�gpatches�gare�gdetected�gby�gboth.�gSmaller�gpatches�g
may�gbe�gretained�gwhen�gspatially �gadjacent�gto�glarger�ggorse�gobjects,�greflecting �gaggregation�geffects�gat�gcoarser�gresolution. �gThe�glinear �glong�g
delineated�gpatches�gon�gthe�gright �ghand�gside�gwere�gdetected�gby�g3 m,�ghowever�gnot�gby�g10 m,�gdespite�ghaving�ga�gsimilar �garea�gsize�gto�gthe�g
rounder�gpatches�gon�gthe�gleft. �gBoth�gclassification�gfailed �gto�gdetect�gfragmented�gsmaller�g(<100 m2)�ggorse�gpatches.
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Fig.�g5.�gSize-dependent�gdetectability �gof�greference�ggorse�gpatches.�gBars�gindicate�gthe�gproportion �g(%)�gof�g0.5 m�greference�gpatches�gwithin �geach�garea�g
class�gthat�gwere�goverlapped�gby�gat�gleast�g50%�gby�ga�ggorse�gsegment�gin�gthe�g3 m�gand�g10 m�gclassifications.

Fig.�g6.�gMap�gshows�gthe�gdetection�gof�ggorse�gpatches�gat�g3 �gand�g10 m�gin�gthe�gfine�gscale�garea.
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Table�g6
Cross-scale�gconsistency�gmetrics.�gForward�g= �gfine→scale�grecall,�gBackward�g= �gscale→fine�gprecision,�gDice�g
= �gsymmetric�goverlap�g(F1).�gBuffered�gvalues�gin�gbrackets;�g3 m�gfor�gmid-scale,�g10 m�gfor�gcoarse-scale.

�gClass Scale Forward�grecall Backward�gprecision Dice �g
�gGorse Mid 0.76�g(0.73) 0.55�g(0.76) 0.63�g(0.75)�g
�g Coarse 0.37�g(0.35) 0.32�g(0.75) 0.34�g(0.48)�g
�gForest Mid 0.76�g(0.75) 0.56�g(0.92) 0.64�g(0.83)�g
�g Coarse 0.82�g(0.81) 0.26�g(0.81) 0.39�g(0.81)�g
�gBare�gland Mid 0.49�g(0.49) 0.50�g(0.68) 0.49�g(0.57)�g
�g Coarse 0.71�g(0.71) 0.55�g(0.92) 0.62�g(0.82)�g
�gLomandra Mid 0.33�g(0.32) 0.09�g(0.13) 0.14�g(0.18)�g
�g Coarse 0.07�g(0.06) 0.10�g(0.22) 0.08�g(0.09)�g
�gGrass�gComm. Mid 0.46�g(0.45) 0.40�g(0.53) 0.43�g(0.49)�g
�g Coarse 0.05�g(0.05) 0.25�g(0.51) 0.09�g(0.09)�g
�gAgriculture Mid 0.98�g(0.98) 0.77�g(0.94) 0.86�g(0.96)�g
�g Coarse 0.97�g(0.97) 0.65�g(0.97) 0.78�g(0.97)�g

Table�g7
The�gsize�gof�ggorse�gpatches�gin�gthe�gsmall�gscale�garea.

�gStatistics Size�g(in �gm2)�g
�gCount 101 �g
�gMin 23.01 �g
�gMedian 379.80 �g
�gMean 1900.03 �g
�gStd 4974.83 �g
�gMax 29,433.47 �g

5.�gDiscussion

5.1.�gScale-patch�galignment�gand�gsensor�gcontribution

Detecting�gsmall,�ghighly �gflammable�ggorse�gpatches�gis�gcritical �gfor �gfire-risk �gassessment�gbecause�gthese�gpatches�gact�gas�gfine-fuel �gignition �g
points�gand�gcan�gaccelerate�gfire �gspread�gin�gagricultural �glandscapes�g(Anderson�gand�gAnderson,�g2010).�gWhether�gsuch�ghazardous�gfuels�g
remain�gvisible �gin�gmapped�gproducts�gdepends�gstrongly�gon�ghow�gwell �gspatial�gresolution �gmatches�gvegetation-patch�gsize.�gAmong�gthe�g
three�gresolutions,�g3 m�gprovided �gthe�gmost�gcoherent�grepresentation�gof�ggorse�grass�gstructure�gat�gthe�gregional�gfuel-zone�gscale.�gAt�gthis�g
scale,�gsegmentation�gunits�gapproximated�gthe�gtypical �gextent�gof�ggorse�gclusters,�gproducing �gstable�gobjects�gthat �gpreserved�gfuel�ggeometry�g
and�gyielded�gthe�ghighest�gclass�gseparability. �gThis�gconfirms�gthat �gclassification�gperforms�gbest�gwhen�gmapping�gunits�galign�gwith �gthe�g
ecological�gscale�gof�gvegetation�gpatches�g(Blaschke,�g2010;�gHao�get�gal.,�g2021).�gAt�g0.5 m,�ggorse�gcould�gbe�gmapped�gas�ga�gdistinct �gclass,�gbut�g
segmentation�gsubdivided�gcontinuous�gpatches�ginto �gnumerous�gsmall�gobjects,�gincreasing�ginternal �gheterogeneity.�gFine-scale�gimagery�gis�g
therefore�goptimal �gfor �gdetecting�gindividual �ggorse�gplants,�gyet�gless�geffective�gfor �grepresenting�gbroader�gfuel�gcontinuity. �gAt�g10 m,�ggorse�gand�g
grass�gformations �gfrequently �gfell �gbelow�gthe�gMMU�gand�gwere�gaggregated�ginto �gbroad�gmixed�gsegments,�geven�gwhen�gmulti-sensor�ginputs�g
were�gused.�gAlthough �gbroader�gvegetation�gtypes�gremained�gdistinguishable,�gthe�gfiner �gspatial�gstructures�gthat �gdetermine�gconnected�gfuel�g
pathways�gwere�gno�glonger�gresolved�g(Sá�get�gal.,�g2022;�gMacintyre �get�gal.,�g2020).�gIn�gsummary,�gthe�gresults�gindicate �gthat �gspatial�gresolution �g
determines�gwhich �gecological�gproperty �gis�gpreserved:�gsub-metre�gimagery�gmaximises�gobject-level�gprecision,�gwhereas�g3 �gm�gprovides�gthe�g
most�goperationally �gcoherent�grepresentation�gof�gfuel�gzones.�gResolution�gchoice�gmust�gtherefore�greflect�gwhether�gmanagement�gaims�gat�g
identifying �gdiscrete�gignition �gsources�gor�gmapping�gcontinuous�gfuel�gpatterns�gacross�glandscapes.

When�gexamining�gsensor�gcontribution, �gscale-dependent�gpatterns�gemerge.�gAcross�gall �gresolutions,�goptical �gspectral�ginformation �gformed�g
the�gbasis�gof�gvegetation�gdiscrimination. �gAt�g0.5 m,�ghowever,�gstructural �ginformation �gwas�gdecisive:�gwhile �gSkySat�gbands�gprovided �gspectral�g
contrast,�gthe�gCHM�gcontributed �gmost�gto�gseparating�ggorse�gfrom �gtaller �gvegetation.�gAt�g3 m�gand�g10 m,�gthe�grelative �gcontribution �gof�gsensor�g
domains�gshifted�gas�gspatial�gdetail �gdecreased.�gRadar�ginformation �gsupported�gdiscrimination �gat�g3 m�gwhere�gstructural �gpatterns�gwere�gstill �g
partially �gresolved.�gAt�g10 m,�goptical �gtexture�gand�gVIs�gbecame�grelatively �gmore�ginfluential, �gyet�gneither �gradar�gnor�gtexture�gcould�gcompensate�g
for �ggeometric�ginformation �glost�gthrough �gspatial�gaggregation.�gOnce�gthe�gpatch�gstructure�gfalls�gbelow�gthe�gmapping�gunit, �gno�gadditional �g
sensor�grestores�git.

5.2.�gCross-scale�gconsistency

Fire-risk�gassessment�gfrequently �grelies�gon�gvegetation�gmaps�gproduced�gat�gmultiple �gspatial�gresolutions.�gHowever,�ginterpreting �gmaps�g
across�gresolutions�gis�gchallenging�gbecause�gclass�gboundaries�gand�gclass�gdefinitions �gdo�gnot�gnecessarily�gpersist�gwhen�gimagery�gis�gaggregated�g
to�gcoarser�gscales.�gFor�gspecies�glike �ggorse�g(small,�gpatchy)�gsuch�gscale-dependent�gloss�gof�gdetail �ghas�gdirect �gconsequences�gfor �gfuel�g
assessments.�gOur�gresults�gshow�gthat �ghigh�gwithin-scale �gaccuracy�gdoes�gnot�gguarantee�gcross-scale�gpersistence�gof�gvegetation�gobjects.�gBroad�g
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and�gspatially �ghomogeneous�gclasses�g(e.g.,�gagriculture) �gremain�glargely�gstable�gwhen�gaggregated�gfrom �g0.5�gto�g10 m�g(Table�g�g6).�gIn�gcontrast,�g
narrow �gand�gfragmented�gvegetation�gtypes�gexhibit �gsystematic�ginstability. �gThe�gtransfer�gmatrices�gconfirm �gthat �gthis�gloss�gof�gspatial�gidentity �g
is�gsystematic.

Buffered�gmetrics�ghelp�gdistinguish �gboundary�gartefacts�gfrom �gtrue�gscale�geffects.�gBackward�gprecision�gis�gespecially�gsensitive�gto�gsegment�g
size:�glarge�gcoarse-scale�gsegments�ginevitably �gspan�gmultiple �gfine-scale�gclasses,�gand�gboundary�gremoval�gdisproportionately �gincreases�gtheir �g
internal �gpurity. �gThe�gobserved�gchanges�g(mean�g𝛥 =�g0.01�gfor �gforward �grecall�gvs.�g0.26�gfor �gbackward�gprecision)�gwith �gbuffering �gindicate �g
that �gonly �gpart�gof�gthe�ginconsistency�garises�gfrom �gboundary�gmisalignments;�gthe�grest�greflects�ggenuine�gscale-driven�gaggregation.

This�gpattern�gis�gconsistent�gwith �gthe�gModifiable �gAreal�gUnit �gProblem�g(MAUP�gOpenshaw,�g1984),�gwhereby�gaggregation�ginto �glarger�g
spatial�gunits�galters�gthematic�grepresentation.�gJosselin�gand�gLouvet�g(2019)�gshowed�gthat �gGEOBIA-derived�gshape�gand�gtexture�gmetrics�gvary�g
systematically�gwith �gsegmentation�gscale,�gdemonstrating�gthat �gOBIA�gis�gnot�gimmune�gto�gMAUP.�gOur�gtransfer-matrix �gapproach�gextends�gthis�g
insight �gto�gthematic�gclass�gbehaviour,�gquantifying �ghow�gobjects�gchange�gtheir �gclass�gas�gthey�gare�gaggregated.�gAs�gwith �gany�gclassification-
based�gconsistency�ganalysis,�gresidual�gerrors�gcontribute �gto�gobserved�gdiscrepancies.�gFor�gexample,�gthe�gcoarse�ggorse�gclass�gachieved�gan�g
F1-score�gof�g76%,�gplacing�gan�gupper�glimit �gon�gdetectable�gconsistency.�gAdditionally, �geach�gresolution �gwas�gclassified�gindependently, �g
meaning�gsensor�gdifferences�gmay�galso�gcontribute �gto�gspatial�gdifferences.�gThus,�gour�gresults�gexhibit �gMAUP-like�gbehaviour�grather�gthan�g
representing�ga�gpure�gtest�gof�gMAUP�gconsistency.�gNevertheless,�gthe�gcoherent�gspatial�gpatterns�g(stability �gin�gbroad�gclasses�gand�gsystematic�g
dissolution �gof�gpatchy�gones)�gstrongly�gindicate �gthat �gthe�gmain�gdriver �gof�gcross-scale�ginconsistency�gis�gsegmentation-driven�gaggregation,�g
not�grandom�gerror.

5.3.�gPatch-level�gpersistence

While �gthe�gtransfer�gmatrices�gquantify �gchanges�gin�gthe�gmapping�gand�gthematic�gchanges,�gthey�gdo�gnot�ganswer�ghow�glarge�ga�ggorse�g
patch�ghas�gto�gbe�gdetected�gby�gcoarser�gresolutions.�gThe�gpatch-level�gdetectability �ganalysis�gshows�gthat �gscale�geffects�gact�gdirectly �gon�g
individual �gobjects.�gAt�g3 m�gresolution, �gdetection�gprobability �gclearly�gincreases�gwith �gpatch�gsize.�gAt�g10 m,�ghowever,�geven�grelatively �g
large�ggorse�gpatches�gare�gnot�greliably �gretained�g(see�gFig.�g�g5).�gLinear�gcorridors �gand�gnarrow �gstructures�gdisappear�gmore�goften�gonce�gtheir �g
width �gapproaches�gthe�geffective�gmapping�gunit �g(see�gFig.�g�g6).�gThis�gpattern�gis�gconsistent�gwith �gthe�gfindings �gof�gLechner�get�gal.�g(2009),�gwho�g
showed�gthat �gthe�gprobability �gof�gextracting �glinear �gfeatures�gdecreases�gwhen�ggrid �gcells�gbecome�gsimilar �gin�gsize�gto�gthe�gfeature�gwidth. �gThe�g
10 m�gclassification�gwas�gnot�gable�gto�gdetect�gthe�glinear �ggorse�gpatches�gdespite�ghaving�ga�glarger�goverall �garea,�gbut�gmanaged�gto�gretain �gthe�g
oval�gshaped�gpatches.�gIn�gsuch�gsituations,�gobjects�gare�gnot�gsimplified, �gthey�gare�gabsorbed�ginto �gneighbouring �gdominant �gclasses.�gSimilar �g
scale-related�geffects�ghave�gbeen�greported�gin�gother�gfragmented�gecosystems.�gFor�gexample,�gZhang�get�gal.�g(2025)�gobserved�gsystematic�g
area�gunderestimation �gand�gdeclining �gaccuracy�gwhen�gultra-high �gresolution �gmangrove�gmaps�gwere�gaggregated�gto�gcoarser�gresolutions,�g
especially�gin�ghabitats�gcomposed�gof�gnarrow �gand�gdiscontinuous�gpatches.�gOur�gresults�gshow�gthat �gcomparable�ggeometric�gconstraints�gapply�g
to�gfire-prone �ggorse�gsystems.

Importantly, �ggorse�gpatches�gcan�geven�gdisappear�gwhen�ginter �gaccuracies�gremains�ghigh.�gThis�gsuggests�gthat �gglobal�gmetrics�gsuch�gas�g
OA�gmask�gecological�ginformation �gloss.�gIn�gthis�gcase,�gthe�geffect�gis�gnot�gjust�ga�ggradual�greduction �gin�gmapped�garea,�gbut�gthe�gcomplete�gloss�g
of�gindividual �gobjects.�gFrom�ga�gfire-management�gperspective,�gthis�gdistinction �gis�gcritical. �gWhile �g3 m�gproducts�gretain �gmost�gspatial�ggorse�g
structures,�g10 m�gmaps�gprimarily �gindicate �ggeneral�gshrub�gzones�gand�gcannot�greliably �grepresent�gfine-scale�gfuel�gpatterns.

Overall,�gthe�gresults�gconfirm �gthat �gspatial�gaggregation�gdisproportionately �gaffects�gnarrow �gand�gfragmented�gvegetation�gtypes.�g
Resolution�gchoice�gis�gtherefore�gnot�gmerely�ga�gtechnical�gsetting,�gbut�ga�gdecisive�gfactor�gin�gwhether�ghazardous�gfine�gfuels�gremain�gvisible �gin�g
regional�gfuel�gassessments.

6.�gConclusion

Fuel-oriented�gvegetation�gmapping�gin�gTasmania�gmust�gbalance�gthe�grepresentation�gof�gbroad�gfuel�gzones�gwith �gthe�gdetection�gof�g
small,�ghighly �gflammable�ggorse�gpatches�gthat �gcan�gdrive �glocal�gfire �gspread.�gBy�gcomparing�gindependently �gderived�gOBIA�Random �gForest�g
classifications�gat�g0.5,�g3�gand�g10 m,�gthis�gstudy�gmoved�gbeyond�gwithin-scale �gaccuracy�gassessment�gto�gexplicitly �gquantify �gcross-scale�gclass�g
persistence�gand�gpatch-level�gsurvival. �gDespite�ghigh�gaccuracies�gwithin �geach�gresolution �g(76�99%), �gcross-scale�ganalyses�grevealed�gthat �g
vegetation�gproducts�gare�gnot�ginterchangeable.�gUsing�garea-weighted�gtransfer�gmatrices�gand�gpatch�gdetectability �ganalysis,�gwe�gshowed�ghow�g
fine-scale�ggorse�gpatches�gare�gprogressively�greduced,�gabsorbed,�gor�gretained�gas�gmapping�gunits�gincrease.�gWhile �gbroad�gand�ghomogeneous�g
classes�gremained�grelatively �gstable,�gfragmented�ggorse�gfuels�gexhibited �gstrong�gscale�gdependence.

Among�gthe�gtested�gresolutions,�g3 m�gprovided �gthe�gmost�grobust�galignment �gbetween�gmapping�gunit �gand�gvegetation-patch�gstructure,�g
preserving�gmost�gfine-scale�ggorse�garea�gand�gshowing�gstable�gsize-dependent�gdetectability. �gSub-metre�gdata�gwere�grequired�gfor �gexplicit �g
mapping�gof�gindividual �ggorse�ginfestations,�gwhereas�g10 m�gproducts�gprimarily �grepresented�gaggregated�gshrub�gzones�grather�gthan�gdiscrete�g
fuel�gsources.�gThese�gresults�gdemonstrate�gthat �ghigh�gwithin-scale �gaccuracy�gdoes�gnot�gguarantee�gcross-scale�gpersistence�gof�gfine-grained�g
fuels.�gThe�gpresented�gcross-scale�gdetection�gframework �gprovides�gpractical, �gscale-aware�gguidance�gfor �gselecting�gappropriate �gspatial�g
resolutions�gin�gfuel-load�gassessment,�gbushfire-risk �gmodelling, �gand�gearly�gdetection�gof�ginvasive�ggorse�ghazards�gin�gTasmania.
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Table�g8
GLCM�gtexture�gfeatures�gused�gin�gthe�ganalysis.

�gGLCM Equation Type �g

�gMean
𝑁−1
∑

𝑖,𝑗=0
𝑖 𝑃𝑖𝑗 Statistics�ggroup �g

�gContrast
𝑁−1
∑

𝑖,𝑗=0
𝑃𝑖𝑗 (𝑖 − 𝑗)2 Contrast�ggroup�g�g

�gHomogeneity
𝑁−1
∑

𝑖,𝑗=0

𝑃𝑖𝑗

1 + (𝑖 − 𝑗)2
Contrast�ggroup�g�g

�gEntropy
𝑁−1
∑

𝑖,𝑗=0
𝑃𝑖𝑗

[

− ln(𝑃𝑖𝑗 )
]

Orderliness�ggroup�g

Table�g9
Segmentation�gparameters�gand�ginput �glayers�gused�gat�geach�gscale.

�gScale�glevel Scale Shape Compac. Inputs �g
�gFine 100 0.5 0.9 SkySat,�gCHM,�gGLCM,�gNDVI�g
�gMid 100 0.1 0.9 PS,�gGLCM,�gNDVI �g
�gCoarse 80 0.6 0.8 S-2,�gGLCM,�gNDVI �g

Table�g10
Per-class�gaccuracy�gmetrics�gwith �g95%�gconfidence�gintervals�g(CI)�gof�gfull �gstack�gfine-scale�gmodel.

�gClass UA PA F1 UA�gCI PA�gCI F1�gCI �g
�gGorse 0.96 0.85 0.90 [0.89, �g1.00] [0.73, �g0.97] [0.82, �g0.97] �g
�gAgricultural �gland 1.00 1.00 1.00 [1.00, �g1.00] [1.00, �g1.00] [1.00, �g1.00] �g
�gBare�gland 1.00 1.00 1.00 [1.00, �g1.00] [1.00, �g1.00] [1.00, �g1.00] �g
�gTree 0.90 0.95 0.93 [0.82, �g0.97] [0.87, �g1.00] [0.86, �g0.97] �g
�gGrass�gcommunities 0.90 0.95 0.92 [0.79, �g1.00] [0.84, �g1.00] [0.84, �g1.00] �g
�gLomandra 0.79 0.81 0.79 [0.65, �g0.93] [0.65, �g0.97] [0.67, �g0.90] �g
�gOverall�gaccuracy 0.91 [0.88, �g0.96] �g
�gKappa 0.89 [0.83, �g0.94] �g
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Fig.�g7.�gFeature�gimportance�gfor�gall�gfull �gstack�gruns�gper�gscale.�gShown�gare�gonly�gthe�gtop�g20�gbands�gfor�geach�gscale.

Table�g11
Per-class�gaccuracy�gmetrics�gwith �g95%�gconfidence�gintervals�g(CI)�gof�gS-2+VI�gmid-scale�gmodel.

�gClass UA PA F1 UA�gCI PA�gCI F1�gCI �g
�gGorse 1.00 1.00 1.00 [1.00, �g1.00] [1.00, �g1.00] [1.00, �g1.00] �g
�gAgricultural �gland 0.88 1.00 0.94 [0.79, �g0.97] [1.00, �g1.00] [0.88, �g0.98] �g
�gBare�gland 0.91 0.84 0.87 [0.84, �g1.00] [0.68, �g0.96] [0.77, �g0.96] �g
�gWater 1.00 0.25 0.40 [1.00, �g1.00] [0.00, �g0.75] [0.40, �g0.86] �g
�gForest 1.00 1.00 1.00 [1.00, �g1.00] [1.00, �g1.00] [1.00, �g1.00] �g
�gGrass�gcommunities 0.87 0.91 0.89 [0.76, �g1.00] [0.74, �g1.00] [0.80, �g0.96] �g
�gOverall�gaccuracy 0.91 [0.82, �g0.96] �g
�gKappa 0.85 [0.84, �g0.94] �g

Appendix

Table�g�g8�glist �gthe�gGLCM�gequations�gand�gTable�g�g9�ggives�gthe�geCognition�ginput �gparameters�gfor �gthe�gsegmentation�gtasks�gfor �geach�gscale.�g
Tables�g�g10,�g11,�g12�ggive�gthe�g95%�gconfidence�gintervals �gwith �gUA�gand�gPA�gof�gthe�gbest�gscored�gmodels�gfor �geach�gscale�galong�gwith �gkappa�g
statistics�gand�gOA�gscores.�gFig.�g�g7�gshows�gthe�gfeature�gimportance�ganalysis�gof�gthe�gfull �gstack�gmodel�gconfigurations �gacross�gall �gscales.�gFig.�g
8�gcompares�gthe�gbest�gresult�gmaps�gfor �gall �gthree�ginvestigated�gresolutions�g(all �gfeatures�gcombined�gfor �gfine-�gand�gcoarse-scale�gand�gS-2+VI�g
for �gmid-scale).�gGorse�gpatches�gdelineated�gat�gfine-scale�g(0.5 m) �g(Panel C)�greappear�gat�gmid-scale�gas�gcontinuous�gshrub�gobjects�gand�gat�g
coarse-scale�gas�gbroader�gshrub�gzones�g(Panels B-A).
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Table�g12
Per-class�gaccuracy�gmetrics�gwith �g95%�gconfidence�gintervals�g(CI)�gof�gfull �gstack�gcoarse-scale�gmodel.

�gClass UA PA F1 UA�gCI PA�gCI F1�gCI �g
�gGorse 1.00 0.61 0.76 [1.00, �g1.00] [0.31, �g0.85] [0.47, �g0.92] �g
�gAgricultural �gland 0.93 0.90 0.90 [0.83, �g1.00] [0.75, �g1.00] [0.81, �g0.98] �g
�gBare�gland 0.92 1.00 0.96 [0.81, �g1.00] [1.00, �g1.00] [0.89, �g1.00] �g
�gWater 1.00 1.00 1.00 [1.00, �g1.00] [1.00, �g1.00] [1.00, �g1.00] �g
�gForest 0.81 0.94 0.87 [0.69, �g0.95] [0.83, �g1.00] [0.78, �g0.95] �g
�gGrass�gcommunities 0.84 0.92 0.88 [0.67, �g1.00] [0.75, �g1.00] [0.73, �g1.00] �g
�gOverall�gaccuracy 0.89 [0.83, �g0.95] �g
�gKappa 0.86 [0.79, �g0.93] �g

Fig.�g8.�gBest�gresult�gmaps�gfor�geach�gresolution �gscale.�g(A)�gCoarse-scale�g(10 m): �gFull�gstack;�g(B)�gMid-scale�g(3 m): �gS-2+VI;�g(C):�gFine-scale�g(0.5 m): �g
Full�gstack.
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