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ExecutiveSummary

The structure of vegetation in and surrounding the city of Canberra was mapped for the first
time using definitions compatible with the AGTrategiedor woodlands (ACT Government
2004) andhative gasslands (ACT Government 2005), and the National Vegetaventory
System (ESCAVI 2003). Based mainly on percentage tree canopy cover, this map is the first
to identify structural formation elements in this area. In additisomecorridors and islands

of urban vegetation were mapped.

The aim was to fill amformation needquicklywithout any abovebase fundingn 2009

The structure of vegetatioraé grassland, open woodland, woodlaett) is of importance
for fauna abundance, wildlife movements, and bushfire behayiso aunified, objective
and consitent map of vegetatiorstructurearound Canberra has the potential to lead to
improvements in coservation, urban plannindire planning, land management and the
study of ecology.

In addition, corridors of urban vegetation were mapped, primarily becadiseeir

relevance to a planned study of kangaroo movements but the mapped corridors are transit
routes for other wildlife also (e.g. honeyeatgendfires. Thus they are relevant to the
growing interest in ecological connectivity and to the managemenitefuel.

More sophisticated mappingf ACT vegetation than that in this repevas commenced

later by the Environment and Planning Directorate (Baieéesl 2013) The new mapping is
community basedandat first appearancenaynot meetthe needidentified in this report

for an accurate map of vegetation structure libe purchase of.IDAR imagenyill enable

far superior mapping of vegetatisstructurethan ours forat least thosesections completed

in future. The map described in this report, whichfisely available as an ESRI shape file and
illustratedon ACTMAPI, is providing useful informatiorthe interim,for awide range of
potential uses

This report explains the need for the map, describes how it was made, states its limitations
and compaes it to other vegetation maps.



1. Introduction

1.1 Theneedfor avegetation structure map

The need for this magvas recogniseth 20 in order to countpopulations oftasternGrey
Kangaroosacropus gigantedswvhere kangaroo culling was being proposedive of the 34 nature
reserves comprising Canberra Nature Patie density oEasternGrey Kangaroos (number/ha) is
stronglyaffected by vegetation structure.g.there are fewer kangaroos in open forest thapen
woodlandtherefore there was an efficiency benefit for tisarvey to be stratified (subsampled)
according to vegetation structure.

Kangaroos are not the only organisms so affectegjetation structure has a profound effect on
biodiversity and ecosfems. Structureoften determireswhat assemblage of animals is present (e.g.
Muller et al. 2010, and Hewsoat al. 201 1for birds).Vegetation structure also hasgaeater

influence than floristic composition on bushfire behaviosubaerial processes such as soil erosion,
utilitarian attributes such as recreation potential, and visual amenity.

Vegetation structure is defined for the purpose of this report simply in terms of the canopy cover of
the tallest woody stratum (see moutetail below).We alsoanticipated that anap of vegetation
structure would be requiredb enableanalyss of kangarochabitat usingdata from GPS collars

Other potentialusesfor a vegetation structure map were also apparentluding for biodiversity
surveyspushfireplanning recreation planning, and reporting of vegetation conditi@ecause

fauna, bushfires, etc, are not limited to conservation reserves, the m@ppea was expanded to
includeall vegetation in and near Canbel(see more detail bew).

In spite of the greater functional importance of vegetation structuneichvegetation mapping
emphasizefloristics at the expense of structurEor example plant community orassociatiormay
0S Y LILISCominunityiakeSVoddland communit@because it typically occurs as a
woodland, but the map includes places where the structure is actually Forest, Open forest, Open
Woodland, Shrublandr Grassland. This community approach to vegetation mapping may rest on
assumptions that the area in quisn will become woodland in the future, was woodland in the
past, or both, or rest on no assumptions, simply copying a common pra&ticexamplés given

below. The effect is that the vegetatiostructure is not mappedccurately, despite the knowledge
that structure is a more powerful influence than composition on some ecological processes and
important attributes such as wildlife diversity and abundance, bushfire behavior, landscape amenity,
and recreation characteristics.

Our belief is thastructureand floristics of vegetation are both valualiemponents of the
vegetation community and both nedd be correctly mappedbr land managemenand planning
purposes.

1.2 Aim

The requirementvasto mapthe existingvegetationin and near Canberra NatureuR by structual
classesi.e. grasslandppen woodlandforest, etc,using a classificatiowhich was:

unified (meaning thatan area may ballocated tono more thanone class, e.g. the same
areamaynot be represented as both grassland aislo as opemvoodland);

objective(based on the rational applicatiarf definedcriteria); and

consistenfthe sameclassificatiorand method isapplied across the entire argao all areas
with a certain canopy cover are allocated to the same structure lass



1.3 Extent of map

Muchof the previously published vegetation mapping in the area of interest, e.g. Ingwetrsgn
(1974) andmportantly, the two StrategiefACT Government 2004, 2005) had been confined to a
limited number ofvegetatedsites or patches ofhierest(e.g. Figure ¥ Animals and bushfires are
not restricted by such boundaries adandscape approacliasnecessaryor our purposes

To meetthe requirements of the projecthe areas shaded in Figutevere mappedA strip of land

1 kmwide outside the ACWas includedecausesuch a¥ 6 dz¥shépRiKior purposesuch as

examining kangaroo movement dagad modeling bushfire behaviourhe north western art of

Googong Foreshores in New South Wales included becausieis managed by thACT

Government and is a site used in various kangaroo research profectsn bufferwas also applied
outsideGoogong Foreshore$. K S y I YS W/ I yoSNNI +S3SGFGA2Yy { GNHzO(
hereafter to refer to this map.

Extent of vegetation
structure map

~——— ACT main roads
| Water bodies

Googong Foreshore
Boundary

[ acT border

Figurel: Extent ofthe Canberra Vegetation Structure Map

Shading indicates the mapped area in relation to the ACT border, the main rivers, and the suburban
extent of Canberra. The shaded area south east of the ACT is the grassy north eastern part of
Googong Foreshores plus &rh buffer into adjoining land.

1.4 Previousdefinitions and mappingof vegetationstructure

Vegetation structure is classified by ecologistinlyusing arbitrary cutpoin® S ®3® Wu x> OF y 2
O 2 g(Fau®). Both of theendangered ecological communitiesthin the area of interestre

definedthis wayand we wished to base ounappingas much as possibte the definitionsof these

communities

Woodland and open woodland are both defined¥oodlands for Wildlife: ACTWiand Woodland

Conservation Strate§y ¢ KA OK  Athe @didwRlariddthé éndangered Yellow BoRed Gum

Woodland communitf{ACT Government 2004 Action Plansire statutorydocuments, presenting

GKS 1/ ¢ D2@SNYYSyildQa NDBadRithed Shrdatenedisiesiesbrahly' t RS Of
endangered ecological communityVoodland is defineéh the WoodlandsStrategyas having



projective foliage cover of 1§80%, based on Specht (1970) and AUSLIG (1990). This is equlgd in
WoodlandsStrategyto canopy cover of 2(60% based on the Nationglkegetation Inventory System

(ESCAVI 2003Both metrics,canopy covefalso known as crown covemlndprojective foliage

cover,are different wayf projecting to ground level tharea occupied byhe tallest stratum of
woodyvegetation(usuallytrees or shrubs)in both cases the projectedareais expressed as a

percentage of the area of the sitACT Government (200defined?ONRB 6y 02 G$NI RSy ar i e
percentage of the sample site within the vertipadjection of the periphery of the crown i.e. the

whole crown is treated as opag@e I Y R WLINE 2 S O (i thedpbrcetayé df thels8mpld 8itd S N |
occupied by theertical projection ofoliage onlyi.e. gaps in thecrownare exclude@These are

similar to definitions used in the National Vegetation Inventory System (ESCAVI 2003).

The pixel size dmagesfrom satellites or evenof digitalair photosas in our casesée below) is
smaller than a typical tree crown but larger than the small spaces witkinrown, hence we used
canopy coveas our preferred metric.

Open Woodland is definday ACT Government (20043 having 220% canopy coveHowever
somemodificationsare madeto the definitionsof Woodland and Open Woodlamah p 3 andp 21¢2
of the WoodlandsStrategy and elsewherdgseebelow).

Grassland is defined i Vision Splendid of the Grassy Plains Extemdg@lowland Native
Grassland Conservation Stratéy ¢ KA OK A y AdiowRlarsdthé Endangefédowland
Natural Temperate Grasslawdmmunity (ACT Government 2005, pp 3,. B3) this definition
grassland hakess than 10%rojective foliage cover of trees, shrubs and sedges, based on Moore
(1964) and Kirkpatrick (1993). This equates to less than @86pycover ESCAVI 2003

Thusto complywith the definitions in both theGrassland$trategy(ACT Government 2004hd the
WoodlandsStrategy(ACT Government 2008reas with 220% canopy covenust be mapped both
asW2 LISy gamiBR¥YHENRRAT I YRQ

Thedefinition of woodlanddescribedaboveis modified as followsthe characteristic structure of
woodland may be modified spatially and temporarily by site conditions, disturbance and
regeneration at the local level, resulting in structural types ranging from forest to open woodland
and grasslandFor example dense regenerationYeflow Box and Red Gum following fire would still
be considered woodland though the structure for some fwllewing the fire may resemble for&t
(ACT Government 2004, p3Yt this point theStrategyis referring to all types of woodland, not just
the threatened communityand allows any vegetation structure to be classed as woodlanis if
thought likely b have beemwoodlandsometime in the past or likely to becomevoodlandat any

time in the future No time limitsor other criteriaare statedfor such assessment.

Furtherdefinitionaldescriptionis the notethat in the catena of communities on a sloggasslands
naturally occur below open woodlands (i.e. at lower elevation), the boundary often being at
approximately 600 m (also 625 m is stated). However the extehbwifand Natural Temperate
Grasslandhat was mapped above this level, and woodland®het (ACT Government 2004, 2005),
convinced us that altitude could not provide a reliable objective criterion to enable us to separate
vegetation structures in the-20% overlap range.

Thus the priordefinitionsdid not meetour first requirement to beunifiedd & S'S Bt ofir hiedv =
requirement to be consistent

The unpublished spatial database associated with the two Strategies cestaicture
classifications for 69% of tleamapped It is thismore comprehensivinformation, rather than
the printed mapsin the StrategieACT Government 2004, 2008)hichisreferred tohereatfter,
wherever comparison is made this reportto the previousmapping(e.g.Figuresico).



It is clear that the definitions given in the two strategies were used h compiling the database
becausehere is nooverlap betweergrassland and open woodland. It is clear ta@bmmunity
approach has been taken to the mapping associated with theStvategies

After our mapping was don&ggetationstructure wasmapped by others usingemote sensing

across all vegetation in the study area andch larger areabeyond Mappingfrom airphotos and

field inspectiondy Macguireand Mulvaney2011)was carried out talelineaeii KS SEGSy i 2F W
g 2 2 R f (deffhBdOn the repat). Mappingfrom radar andsatellite imagenpy Barret and Love

(2012) was carried outo delineatewildlife corridors with woody vegetatiorNeither productwas
available in 209 nor dd either of themmeet our needsOnly two structure classe/ ¢ 2 2 R® | lyy R
Yy 2 (i ¢ nerRdelingafedin the former cagMacguireand Mulvaney2011). Only two classes,
Wg22REQ | YR Wy2i{ indh?2 2poRb@Batrétdnhd LA F hlfiirSttiRs case we

were able toaccessourcedatawhich has four levels dfee stand density, or Above Ground

Biomass (ABG, i.# ¢ 2 2 RATiéDiscussiomnd Figures4 to 6 showthat evenif the four ABG
classegould be matched to our larger number of vegetation structyeg®ther important
differencewould remain due to themanualremoval offalse haloes of misclassified vegetation from
our data,asexplained in Methods and FigureThe same phenomenon affected the mapping by
Barreat and Lovg2012 but manual correcton would presumablyhave beemrohibitively expensive

over the greater extent of the arghey mapped.

1.5 Vegetationstructure classeslefinedin relation to our aims

The classificatiomwe used fornatural vegetatioris givenin Table 1 Table 2 gives odull list of
structure classecluding artificial vegetatioformssuch as vineyardilsogivenin Table 1 arehe
canopy cover classifications usegACT Governmer{2004, 2005) and theNational Vegetation
Inventory SysteniNVISYESCAVI 2003)ur chssification i€lose to, or fulllcompatible with the
two earlierstandardi.e. thoseused for NVIEESCAVI 200and theWoodlandsStrategy(ACT
Government 2004).

Table 1:Percenttree canopy covercut points used in this report taclassify structureof native
vegetation,and values used in other sources mentioned in the text

Canberra Vegetation Woodlands Strategy  Grasslands Strategy  National Vegetation

Structure Map (ACT Government 200¢(ACT Government 200! Inventory (ESCAVI 2003
Grassland i 0-2 i 0-2 0-20
Open Woodland 2-20 2-20 - 0.25-20
Woodland 20-50 20-50 - 20-50
Open Forest 50-80 - - 50-80
Forest >80 - - >80
2. Methods

An initial map of canopy cover was creategt BH from a high resolution (50 cm) aerial photograph
flown in 2008. First, the image was imported into the progiduoitiSpec Landgrebeand Biehl1994)

and classified into 14 spectral clusters using an unsupervised Iterativ®igahizing Data Analysis
Technique (Debinskt al. 1999, Franklin and Wulder 2002). The resulting raster image was imported
into ArcGIS 9.3 (ESRI 2009), where spectral clusters were reclassified into canopgamapn

based on inspection of the ofigal imageusing the Spatial Analyst extensiifigure2).


https://mail.act.gov.au/owa/redir.aspx?C=f7Ol3ForhEGDPWWLhvyOCPMAZJ25WtAIHI9CkLJTf0uRTyKmZxzjJlF4yDa_CPJMbw8jO8JVpxc.&URL=http%3a%2f%2fdynamo.ecn.purdue.edu%2f%7elandgreb%2f
https://mail.act.gov.au/owa/redir.aspx?C=f7Ol3ForhEGDPWWLhvyOCPMAZJ25WtAIHI9CkLJTf0uRTyKmZxzjJlF4yDa_CPJMbw8jO8JVpxc.&URL=http%3a%2f%2fdynamo.ecn.purdue.edu%2f%7ebiehl%2f

Figure2: Canopy and noitanopy classification
Left, aerial image; Right, classification generated by program Multispec.

The accuracy of this classification was checked by ground sampfdglots of area 1 hectare. At
each plot digital photographs of canopy cover were taken at 12 locations systematically distributed
across the plot. Canopy cover percentage was obtained by analysis of the photographs in program
SamplePoint (Version 1.54ttfx// samplepoint.org). These canopy cover estimates from ground
sampling were compared to values from our map using simple linear regression. There was strong
agreement between the ground sampling and the map=(147.36¢if = 23; p < 0.001%+86.4)

supporting the aiphoto classificatioras an index of canopy cover. Finally, polygons of similar
canopy cover were created using nearest neighbour and reclassification tools in Spatial Analyst.

Theresultingmap was then manuallgdjusted(by CW as ilustrated in Figure Jirst, ron-vegetated
landsuch as buildings, roads and water bodies weraovedfrom the map A decision had been
made in advance about the scale of accuracy required in the final prodedtadselected 3ha as
the minimum mappingunit for our final map, because we were confident that areas down ha 3
could be mapped correctlyr herefore, the acondstep was thapolygors of less than hawere
dissolvednto the surrounding polygomAn exceptiorwas made fopolygonsseparated from other
vegetated landin particular narrow corridors afrban vegetatiorwere retainedwhich areless than
3ha

Third, artefacts of the Multispec classification were correct&d/o types of artefacts were

corrected. Thefirst arose becausthe valuegiven to each pixeby the MultiSpec algorithm is

influenced by the value of adjacent pixels. This type of calculation, while appropriate for most of the
map, produced a false classification at the meeting of-oonsecutive classes of vegetatje.g.

where tree clearindpnad resulted irgrassland adjoingforest. For example, in Figua, the

airphoto shows an area of grassland next to amfaforestas a result of clearing of trees in some
areas and planting in other§he MultiSpec classiéition for this area, Figur@b, shows false
concentricpolygons of open woodland, woodland and open forest between the grassland and
forest. The false polygons were deleted manually taaghahe airphoto (Figured.

Thesecondtype of artefactwas thatdarkareasof the airphotq such as those in shadoWwad been
classified as having a higtpercentage tree canopy than in reality. These areas were checked
against other airphototaken in different seasons and times of dapd adjustedf the error was
obvious,mainly overestimation of percent canopy cover on steep grotitmvever ome
inaccuracydue tothe shadow effectvas acceptedh the interests of maintaining eonsistent and
objective mapping process.oWwever the final producappearscomparabé to one produced by
more sophisticated and expensive metho@s Baines pers. comm.)



A | Grassland | Woodland - Forest A

~ | openwoodiand [l Open Forest

Figure3. Removal of false polygons

(a) Aerialphoto showing artificial
boundaiesbetween forest and grassland
with no intermediate classes preseil)
Uncorrectedclassification fronprogram
MultiSpec overlaid sertransparently on

the same airphoto, showing concentric halc
of false vegetation classgg) corrected

map. The false intermediate classes have
been removed by manual editinijlain
roadsand plygons smaller than 3 Heave
also been removednd an additional

Ot aaAFAOLFGAZY WtAy
| Grassland [ Woodland -Foret - f”‘ added(seebelow).

_| Open Woodland - Open Forest - Pine Plantation

2.1Additional vegetation structure classes

In order to encompass all vegetated areas, includimgll patches odrtificial vegetation(created by
humans)and modifiedvegetation five pre-definedvegetation structure classegere added,
YineyardQine plantationQgolf course vegetatiala mix of exotic plantings, parttieared native
woodland and artificial grasslandy I NB 2 N RdzWazNb 'y @S3ISGlF GA2y Qs (KS
corridors of vegetation extending outward from the nature reserves into the sutambdgypically
modifiedby clearing of some tregand planting of othersAn additional natural vegetation ds,

BK NHzo fwlas/aRdaddedTable 2)Shrubland was defined as areas with more than 20% canopy
cover of shrubs, shrubs being woody plants less than 8m high and mostlysteuaitned.Mapping

of thesesix additional classesas donendependently of theMultispec analysis, eithenanually or

by integrating shapefileom other sourcesnto our map.However the final classificationb&sed
mainly on ACT Government (2004, 2005) and ESCAVI.(2003)



Table 2:Complete list of egetationstructure classes useth the Canberra Vegetation Structure
Map.

Name of Definition
vegetation class

Grassland 0¢2% canopy covenf trees

Open Woodland  2¢20% canopy cover of trees

Woodland 20¢50% canopy cover of trees

Open Forest 50¢80% canopy cover of trees

Forest >80% canopy cover of trees

Shrubland Few trees and >20% canopy cover of shrubs

PinePlantation Mapped as the legally defined extent of the ACT forestry es@d@opy
cover @;100% depending on stage in management cycle.

Vineyard Trellisesplanted in rows
GolfCourse Mix of mature trees and grassland in curving raleted with smallareas of
Vegetdion artificial baresandor water

Urban vegetation Mix of grassland, amenity tree plantations, and remaining natural trees,
contained wihin suburban matrix

Canberra Many small monoculture plots of trees dtraight lines the total comprising
Arboretum a high diversity of treéorms.

2.2 Institutions omitted

Institutionssuch aglefence facilities and jailmay contain extensive vegetated areskich provide
potential corridors for fauna anbushfires.In a few cases such as the extensive Majura Training Area
and Belconnen Naval Transmission Station we have mapped the vegetation structure, but most
institutionshave beernreated asdevelopedand, i.e. the vegetation structure was not mapped



3. Results

An image of the resulting map is presented in Appendikreduced scale (approximately
1:200,000). The map itself is freely available from ACT Gmeamt as an ArcGEhapefile and will be
also be available on ACTMAPI

The areaccupied byeach vegetatiortlassificatiorand percent of totals shown in Table 3

Table 3: Area and percentage of vegetated land occupied by each structure class.

4. Discussion

Vegetation Area

structure (sq km) %
Arboretum 3 0
Forest 37 5
Golf Course 7 1
Grassland 173 24
Open Forest 37 5
Open woodland 231 32
Pine Forest* 67 9
Shrubland 7 1
Urban Vegetation 40 5
Vineyard 1 0
Woodland 120 17
TOTAL 723 100

* mapped as a landuse not vegetatio

The CVSM was needed because no map of vegetation structure was available to meet our needs for
stratification of kangaroo counting sites and vegetation sampling sites and for analysis of data from
GPS tracking collars to characterise kangardmthband movement patterns. Weeeded themap

to beunified, objective and consistent so that it would do the job reliably and be defensible in
contested forums such dke Administrative anddvil AppealsTribunal Another requirement wao

have the praluct ready in minimal timetano cost. The resulting mafppendix 1) met these
requirements and alsbas a range of other potential us&urrent work in the Conservation

Researchunit will eventuallyremap ACT vegetation in fine detail but thpbjecthad not

commencedvhen the CVSM was made.

The resulting mapasclassifed the vegetationof Canberranto eleven vegetation structure class,
each withan explicit definitionTable 2)The resolutiorof the mapis defined and consistent across
the study areag areas lesthan 3habeingdeemedbelow the limit of resolutiorof this map In
practice, he limitations of the map become moeidentat any scale more detailed than
approximatelyl:12,000sothe recommendedscalefor use ishetween 1:10,00@nd 1:50,000

The area of mapped vegetation is 723 sq km, compared to 419 sq km mapped in association with the

two StrategiegACT Government 2004, 2005) of which 295 sq kdttavegetation structure

specified. The2.5 times increase partly a resulbf including new types of vegetation such as

WHAY S NRQ Ay 2NRSNJ (2 LINBathnmpirisoderestidediaite O2 GS NI 3 ¢
native vegetation structure classes listed in Table 1, the vegetatednaappedin the CVSMsstill

more thantwicethat in the StrategieqTable 4).



Table 4: Vegetated area mapped in the CVSM in comparisaihécrea mapped for thewo
StrategiesACT Government (2004, 2005).

Strategies CVSM Are: Increase Strategies

Structure Area (sg km)  (sq km) (sg km) % CVSM %
Grassland 65 173 108 22 29
Open Woodland 159 231 72 54 39
Woodland 55 120 64 19 20
Open Forest 15 37 22 5 6
Forest 0 37 37 0 6
TOTAL 295 598 303 100 100

More important than the area mapped is the quality of mappiRigjure4 showsMulligans Flat
Nature Reservandadjoiningland.Both the previous mappinfundated ACT Government records ~
2008)(upper) and the newmapping [ower) areillustrated assemitransparentoverlaysto enable
themto be evaluated in relation to the vegetativisiblein the underlyingairphoto. TheCVSMs
similar to the previous mathat had beermprepared bymanualair-photo interpretationand field
inspection except he new mags more extensiverigure5 enables the same comparisém be
madefor Mt Painter Nature Reservand Figure for Mulanggari Nature Reservin thesetwo cases
there are strong differences between tli&/SM and thelder maps, and it is clear that the new map
displays more plausible boundaries between the structure categories.

Close examination of the boundaries of mapped polygons reveal the effect of the classification
algorithm (Figuredc 6). Natural vegetation boundaries are rarely discrete. They are generally a
transition between one community to the next. Applying a polygeerlay requires a distinct
boundary and each ecologist coudaw it differently. There may be no perfect answer. However
the CVSMis consistent in where the boundary is drawso the CVSM includes the entire vegetated
area rather than just the areaserved, and corridors of urban vegetation have also been mapped
where possible.
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Figure 4: Vegetation Structure of Mulligans Fla
Nature Reserve

(a) The CVSMpresented as a sentiansparent
overlay on an air photo image to enable the
actual tree and shrub cover to be seen througt
the map; (b) A map made from theee stand
densitydata underlying the report by Bamit and
Love (2012)Four egetation classes (levels of
above ground biomass, or woodinessgasured
by radar)are visible Even before allowing for the
differences to the CVSM.g. 4 structure classes
compared to 5the maps are reassuringly simile
(c) A map made from the database linked to th
Woodland and Grassland Strategies. This mag
and the CVSM aralsosimilar butthe CVSM is
complete.
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Figure5: Vegetation Structure oMt Painter
Nature Reservand environs

(a) The CVSM presented as a saamsparent
overlay on an air photo image to enable the
actual tree and shrub cover to be seen througt
the map; (b)A map made from théree stand
densitydata underlying the report by Baatt

and Love (2012Four egetation classes (levels
of above ground biomass, or woodiness,
measured by rada@re visibleThe
classifications are plausible and similar to thos
in the CVSM but the benefit of manually editing
the CVSM are also appareft) A map made
from the datdase linked to the Woodland and
Grassland StrategieSnlike the comparison in
Figure 4, his map and the CVSM adlestinctly
different. The CVSMs more completebut also
providesa noticeably more plausible
representation of the vegetation structure
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