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Development of Remotely Sensed Vegetation Coveeind

and Vegetation Cover Trends Analysis

| ntroduction

The Gnangara Sustainability Study (GSS), whichudet representatives from the
Department of Environment and Conservation, Depamtrof Water and CSIRO, was
established by the Western Australian Ministertfa Environment in 2006. A major aim

of the GSS is to address threats to the regiomaarwation values.

Changes to vegetation as a result of a drying Hgdical regime are not fully understood.
Previous research has shown that there can bes aflasver of overstorey and
understorey species as a result of groundwaterdiraw (Groomet al. 2000 and Horwitz
et al.2009a) and vegetation composition can also begdthwith the potential for
terrestrialisation to occur as more xeric specadgsrose (Froenet al.2004 and Horwitzt
al. 2009b). Further research is required to gainteebenderstanding of how declining
rainfall and aquifer levels affect vegetation coaed composition and this is being
undertaken through other GSS projects. An inditiiculty facing the research was the
lack of comprehensive data of the extent of sugfetation changes.

Any form of vegetation monitoring requires measuegats to be repeatable, consistent and
reliable. The spatial, spectral and temporal regmis of the Landsat series of satellites
are at relevant scales, for accurate on-ground uneaents, and are well placed to provide

updated information for land managers.

Information on vegetation health, condition andrgeare of significance for scientists

and land managers. Satellite imagery, primarily tuits synoptic views of landscapes

and multi-temporal sensing, is suited for monitgrihis vegetation information. One of

the benefits of continued collection of satelliteagery, by programs like Landsat, is the
ability to study changes in landscapes over timth shanges in vegetation cover being
among the most common features sort. Skidmore2(2€iates, the historical archive of

satellite imagery for studying landscape changdicoes to grow and its duration now

covers almost a third of a century. It is unmadcimequality, detail, coverage and
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importance. The dramatic increase in studies usiisgarchive of historical satellite
imagery indicates the growing value of imagery pouhts to a future where remote
sensing data will play a key role in our undersiagaf how landscapes are changing and

how humans are influencing the health of vegetation

This archive of imagery is a valuable tool for stigts and researchers as they work to
gain a better understanding of complexity of ouriemmental systems. Long-term
monitoring information is critical for maintainirtge health and safety of our

communities, our economy and our environment.

This paper reports on the methods used in the dewednt of a vegetation cover index, to
accurately estimate the variation in vegetatiorec@cross the GSS study area, and on the
methods used in Vegetation Trend Analysis. A sgbset Technical Report explores in
more detail how Remote Sensing Tools can be useubtotor vegetation condition in the
Banksia Woodlands of the Gnangara Mound (Kinlethl.2009).

Background

Over the last decade a number of Landsat-based@eseasing monitoring programs have
been implemented in Australia. These include thedpsland’s Statewide Landover and
Trees Study (SLATS), the National Carbon Accounfaygtem Land Cover Change
Project of the Australian Greenhouse Office anddstonitor, a multi-agency project
producing information products for land managenemestern Australia. Land Monitor
has mapped and monitored changes in salt-affeatetldnd woody vegetation in the
south-west agricultural region since 1988. Thehmetuses long-term sequences of
Landsat Thematic Mapper (Landsat TM) and Landsdtisfectral Scanner (Landsat

MSS) imagery to provide observations relating tallase and vegetation trends.

The Western Australian Land Monitor Project produtweo types of vegetation change
products:
» the extent of area of perennial or woody vegetatimrer and its change through
time, and
* vegetation cover trends over time, which summarnthesges in reflectance of

vegetation cover over time (Furleyal 2008).

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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A methodology developed by staff based at the Re@etsing and Image Integration
Group (CSIRO), located in the Leeuwin Centre fortiE&ensing Technologies in Perth
uses multispectral Landsat TM imagery to detechgba in vegetation cover over time
(Wallaceet. al 1999). The method is called ‘Vegetation Trendslfsis’. It uses a
‘Vegetation Index’, which has been shown to retateegetation cover, to estimate
vegetation cover variations. ‘Vegetation Trendsisis’ has the capacity to detect not
just changes in woody vegetation cover, but to aleatify areas of woody vegetation

where there is a permanent or long-term decreagegetation cover.

The open woodlands of Gnangara Groundwater Systemf aignificant importance
within the region. Knowledge of changes in itsdition is required of public agencies
and private landholders charged with the managethematural environment. Currently
information on the condition of vegetation and vehelhanges have occurred is only
available for a small area of the Gnangara Grouteiw&ystem and is from one off
vegetation assessment programs or from anecdatall&dge. The need to locate and
identify where vegetation change is occurring heenbidentified as a priority so remnant
vegetation can be more effectively managed.

Satellite remote sensing technologies are an apptepneans of monitoring the
vegetation cover dynamics (Pickapal 1993 and Furbgt al 2004) as it can provide an
‘historical look’ at vegetation cover trends. Laatidata provides the areal capability plus

has the spectral sensitivity to accurately disarate different levels of vegetation cover.

The historical sequences of satellite imagery ncavide a means of monitoring the
vegetation cover dynamics and offer an alternatwiat of traditional one-off static
approach to mapping. Ground based methods amgelosuited to estimate the areal
extent of vegetation cover and variations, and@leith aerial photography are labour
intensive, time consuming and expensive. The pialeo use remote sensing methods in
monitoring lies in being able to discriminate vegigin cover classes using an vegetation
index, applying this index to sequential image slaed then developing methods to
compare levels of vegetation cover between imatgsda order to determine areas of

vegetation cover change.

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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| magery

Satellite

The satellite imagery data from the two Landsaesesf satellites Multispectral Scanner
(MSS -1973-1992) and Thematic Mapper (TM and ETN8& ongoing), provide routine
broad-scale coverage and have been shown to Hdad@aapping and monitoring
vegetation (Furby 2004). The moderate level spasolution of the data (50m pixel size
for MSS imagery and 25m pixel size for TM imagecghnot distinguish the crowns of
individual trees but is of a high enough resolutioie able to detect broad changes in

vegetation cover.

Landsat MSS imagery has four spectral bands — bameleind two in the visible green and
red portion of the spectrum and bands three andifaine near infrared, while Thematic
Mapper (TM and ETM+) imagery has seven bands - ané, two and three in the visible
parts of the spectrum, band four in the near ieftaand bands five and seven in the short-
wave infrared portions of the spectrum (Lillesan&i&fer 1987; USGS
http://edc.usgs.gov/products/satellite.hml

The imagery is owned by DEC and Australian Greesbaddffice (AGO) within the
Australian Department of Climate Change. The datélse imagery range from 14/12/73
to 17/01/08 (Table 1). The imagery is obtained ighpossible in the summer dry season.
This time of year provides the best opportunitgéparate perennial woody vegetation
from other land cover types. For ease of procgssnm registration the Landsat MSS

imagery was re-sampled to 25m pixels, correspondittythe Landsat TM.

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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Table 1: Dates of Satellite imagery used. Maj@ngcdate refers to the Landsat scene that

covers the majority of the GSS area.

Epoch Scene Date Landsat Sensor Pixel Size (m)
Major Minor

1973 14/12/1973 NA MSS 50 (resampled to 25)

1977 19/11/1976 NA MSS 50 (resampled to 25)

1980 01/12/1979 NA MSS 50 (resampled to 25)

1985 26/01/1985 14/11/1984 MSS 50 (resampled to 25)

1988 03/01/1988 26/01/1988 MSS 50 (resampled to 25)

1989 30/01/1990 NA ™ 25

1991 18/01/1991 27/01/1991 ™ 25

1992 07/01/1993 NA ™ 25

1995 07/02/1995 28/12/1994 ™ 25

1998 05/01/1998 NA ™ 25

2000 20/02/2000 NA ETM+ 25

2002 09/02/2002 NA ETM+ 25

2004 23/02/2004 NA ™ 25

2005 09/02/2005 NA ™ 25

2006 05/02/2006 12/02/2006 ™ 25

2008 17/01/2008 NA ™ 25

Aerial Photos

Aerial photos were used to estimate crown covegr selected 1 ha field sites, as part of
the development of the vegetation cover index kgdew for more information on sites).
Scanned orthorectified aerial photography capturéde December 2007/January 2008

time period was used.
Development of Vegetation I ndex

The spectrum reflected by any pixel which represantas of remnant vegetation is a
combination of the relative spectral combinatiaisf trees, understorey, other types of
ground cover (such as litter) and exposed soiliwitie pixel. When the vegetation cover
is not dense, as is the case in GSS study arebatikground spectral reflection from soil
can dominate the pixel characteristics. The amabfsremotely sensed data in such
environments involves understanding the spectsgdarses and variation of the
components, and developing techniques that exfilaese variations.

The crucial factor in producing vegetation speatnaps or enhancements is that the
spectral separation of the dense vegetation coesr $parse to no vegetation cover is
large compared to the vegetation variation withasses. If this can be established then

mathematical combinations of the spectral bandseamsed to derive vegetation indices

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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which can discriminate between vegetation of ddifeércover levels. These indices can be
a very effective in measuring the amount of greegetation cover over the soil (Lillesand
& Kiefer 1987; Jensen 1996) and can be utilizegramluce vegetation spectral maps or

enhancements.

Two vegetation indices that have been used extelysiv Australia to assess vegetation
cover include:

« (TM Band 3 + TM Band 5)/2. This index utilises blarfrom both the visible red
portion of the spectrum (TM Band 3) and short-waxrgth infrared (TM band 5).
See table 2 for details of projects and programisiwhave utilised this index;

* The single band index of TM Band 3 and MSS Ban®@th bands are from the
visible red portion of the spectrum. Previous agske has shown that these single
bands indices are highly correlated with vegetatiover (Pickupet al. 1993).
Additional internal research by DEC (Zdunic 2008} ltonfirmed this relationship.

Table 2: Australian projects or programs which hatised the vegetation index of (TM
b3 + TM b5)/2

Project/Program URL

AGO NCAS Landcover Change Program www.greenhouse.gov.au/ncas/activities/landcovet.htm
Land Monitor Project http://www.landmonitor.wa.gov.au/

Statewide Landcover & Trees Survey (SLATS)| http://www.nrm.gld.gov.au/slats/

The steps involved in developing a vegetation indxcalibrating a Landsat estimate of
vegetation cover (hereafter referred to as a Sgdatage Index) with ground
measurements, are outlined in Figure 1. The psoapplied follows that described in
Behnet al (2001; 2003) and more detail of the methods usegmvided in the sections
below. The Spectral Image Index provides an eséirofthe foliage projected cover
(FPC) which is the projection on the ground of élxeent of the vegetations foliage (Behn
2000). This is calibrated with field estimatesdPobjected Foliage Cover (PFC) which is
the percentage of the field site occupied by th&cad projection of foliage and branches
(derived from McDonald et al. 1990)

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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L andsat Data Field M easur ements

[ Crown Cover of Vegetation |
X
| Crown Openness |

|

[  Spectral Image Index | Field PFC

\ e

Regression

l

Linear Equation to apply to
Spectral Image Index

[ Calibrated PFC Index | 1 Field Validation !

Figure 1: Diagram outlining the broad process tibcating Landsat estimates of
vegetation cover with ground measurements. Dedimstof items in superscript are as

follows:
Measure of the ground area within the vertical grtipn of the periphery of the crown and assumastthe
crowns are opaque (taken from McDonatdal. 1990)

“Estimate of the openness of individual tree cro(tasen from McDonalet al. 1990)
Spectral Image Index

The GSS sought to evaluate changes in vegetatizr,con the Gnangara groundwater
system, for the full time period of 1973 to 2008his required data from both Landsat
platforms to be utilised as pre 1989 only Lands&S\Wata was available (Table 1).
Therefore a Spectral Image Index using spectratiBarfrom Landsat TM, and Band 2,

from Landsat MSS, was utilised.

The band 3 Spectral Image Index, captured on tH¥LA08, was used in the calibration as
it was the closest date to the fieldwork data aapfduly 2008). The image is displayed in
shades of grey (Figure 2). Areas of white haikelib no cover, while darker areas have

the greatest vegetation cover. These variationgasily observable.

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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i
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Figure 2: Band 3 of 2008 Lands

Estimation of Field PFC

at TM i

Using the aforementioned orthorectified aerial plgephy, 26 one hectare homogeneous
sites with varying crown distributions and levelsregetation cover were selected. Crown
cover was visually estimated from the aerial phaapgy, by experienced personnel, using
templates devised by McDonadtial. (1990). Field estimates of crown openness, across
the sites, were then recorded in the field by eepeed ground personnel. This was done
by standing under a tree crown and visually cormggtfie aerial cover of leaves within the
crown outline with that in the photographic stam$aof ‘crown type' provided in

Australian Soil and Land Survey Field Handbook (MoRldet al. 1990). Three
representative points within each one hectarengte assessed. These were then
averaged to give a mean field estimate of crowmoess for each one hectare site. Field
projected foliage cover (PFC) for each of the 26 bactare sites was then calculated as

the product of crown cover and mean crown openness.

Calibrated PFC Index

The next stage was to convert the Spectral Imadeximto a Calibrated PFC Index by
establishing the relationship between it and taklfmeasured PFC. Once established this

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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relationship can be used with confidence to produB&C image for the entire project

area.

The mean Spectral Image Index image values for ebitte 26 one hectare field sites
were extracted from the 2008 Landsat image. Aalieguation was then derived from the
regression of the Spectral Image Index and fieldsueed PFC (PFC — F) estimate (Figure
3). The graph shows that there is some variatidghe cover estimates for ground sites of
similar vegetation cover (Figure 3). This variatican be related to a number of factors
one of which is the significant difference in thenavegetated cover classes (eg., bare soill,
fallen tree litter). Despite the variation a sgaelationship between the Spectral Image
Index and PFC — F is evidentiR 0.6396). The resultant linear regression eqnas as
follows:

-0.9262 x Band3 + 44
This index was then applied to the 2008 Spectralgenindex image to produce an image
of Calibrated PFC for the entire GSS (see samgla iarFigure 4). The image of
calibrated PFC has a value range from O (low veigetaover) to 33 (high vegetation

cover).

40

35 L 4
* y =-0.9262x + 44.115
30 . R’ =0.6396
L J
25 1 * V'S
[ * *
8 20 L 2 'S
a
15 4 L ?
L J
10 | ® o L 2
- *
s || ¢ PFC-F . -
Linear Fit
° &
0 . : : ; ; .
15 20 25 30 35 40 45 50

Spectral Image Index

Figure 3: Mean values of the field Cover Estimdtesach site were regressed against the
estimated PFC values from the Band 3 image.

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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Figure 4: Image of projected foliage cover for 28@8a portion of the GSS Study Area.

Darker areas indicate high values of calibrated R light areas have low values of
calibrated PFC.

Field Validation of the Calibrated PFC Index

Field validation of the PFC image was undertake®atober 2008. Six validation
locations were selected to represent each of ther magetation types that occur on the
Gnangara Mound. At each location two or more aewtdre sites were selected to
represent the range of crown cover levels at tbation (crown cover was assessed using

the methods stated above). A total of 14 sites wssessed.

Field visits were then undertaken where a visuiinege of total aerial vegetation cover
(leaves and branches) was undertaken at two 5 mmxj6adrats. The mean calibrated
PFC index values for each of the one hectare s#es extracted from the 2008 image and
compared with mean field total aerial vegetatiomezcestimates (Figure 5). Generally
there was good alignment between the field and &€r values (high field cover sites
had higher PFC index values and vice versa). &duple of the locations the magnitude
of the difference between the sites in the PFCxivdas a lot greater compared to the field
estimates of cover (sites 16 vs 17 and sites 28 &s225). This can be attributed to
seasonal differences as the field validation oezliafter the winter rains so some sites
which had relatively low cover in summer had ahigther cover post winter. Field
inspection also revealed that sites 21 and 22 bambwer. This loss of cover was a result

of a fire after the capture of the Landsat datéehruary 2008.

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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Figure 5: Mean field Total Aerial Vegetation Cowstimates and Calibrated PFC Index
values for field validation sites. Vegetation Tygles are: JW = Jarrah Woodland, BW =
Banksia Woodland, CS = Coastal Scrub, Sedge, TMaitud = Melaleuca rudis
woodland, Melshrub = Melaleuca shrubland. Recdniiynt sites are denoted with an

astericks.
Applying Calibrated PFC Index to all Image Dates

Once the calibrated PFC Index was field-validateuais applied to all Landsat TM image
dates. This direct application of the 2008 caldxandex to previous dates is possible as
all image dates have been radiometrically caliloratethat numerical band values through
time can be compared (Furbyal. 2008). Due to the sensor change from TM to MSS in
1988 the linear regression equation required calitm to the different sensor. This was
achieved by comparing the 1989 TM image to a sitaedlaersion of the 1989 image as
MSS and generating a regression that producedathe salibrated PFC values.

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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Vegetation Cover Trends

Vegetation Cover Trends provide summaries of thgtgal change in vegetation cover
for each pixel over time (Wallaeg al. 2006). In a full Vegetation Cover Trends analysis
six bands are produced each summarising vegetabier change using different methods
(Furbyet al.2008). One method which has been used extensivéhe South West of

WA is Linear Trends. In this method, regressioalgsis measures the slope of the
vegetation cover response over time. A positiwedr slope indicates increasing
vegetation cover, a negative slope declining vegetaover and no slope indicates stable
vegetation cover. Quadratic Trends have also heed to assess changes in vegetation
cover in the South West of WA. This method detactms where vegetation cover has
gone through a single cycle of decline and recosach as after a single fire.
Alternatively it can detect a single cycle of ineseng then decreasing vegetation cover
often associated with dry-wet-dry periods (Wall&€&homas 1998). The Quadratic

Trends method cannot detect multiple fluctuationgagetation cover response.

In this study Linear Trends have been calculatedhfthe calibrated PFC images so we can
investigate the nature of any long term change®getation cover for the full Landsat
image archive (1973 — 2008). Annual average rlihés declined over the Gnangara
Groundwater System during this period so the Trevele also calculated for the years
1973 — 1992 (average rainfall similar to the loagnt average) and 1992 — 2008 (average
rainfall below the long term average). It was dedrthat the Quadratic Trend method was
not suitable for this study as the length of theeasment period (minimum of 16 years and
maximum of 36 years) meant that multiple fires dduhve occurred in some areas.

Calculation of Linear Trends

Vegetation Cover Trends are based on the caredekgsing of Landsat images for the
years listed in Table 1. The methods used to Ekellinear Trends are detailed in
Wallaceet al.(1999) and Furbgt al. (2008) and are summarised in the steps below.
1. Calibrated PFC images for each date in the sequeleseribed above) are
compiled into a sequence file.
2. Scaled temporal summaries of the calibrated PF€Xxifior 1973 — 2008, 1973 —
1992 and 1992 — 2008 time periods were then cdtmlilaLinear components of

the response (slope over time) were estimated erdgntly using orthogonal

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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polynomials (Draper & Smith 1981). The followingating and translation is
applied for Linear Trends:in coeff * (255/10) + 127.5 (scales slopes from -5 to
+5 into the 0-255 range).

3. Areas that were classified as never having peréaagetation cover were masked
out

4. Linear ‘Trendclass’ classification images are piathby applying thresholds to
the scaled linear trend image. Threshold valuas Wwased on those published in
Furbyet al. (2008).

Summary Image of Linear Trends

The Linear Trend data can be displayed as a simglge to summarise vegetation cover
over time, as measured by the index, and in paati¢a highlight areas with different

patterns of change. Simple summaries of Lineandsever the period can be made by
displaying positive and/or negative linear trenusglifferent colours. An example of such

a summary is illustrated in Figure 6.

The classification of vegetation as having a pesjtnegative or stable trend is particularly
sensitive to the level of vegetation cover in tnage dates at the start and end of the
assessment period. The example area in Figuhes@rdtes this. The 1992 Landsat image
(Figure 6a) shows fire impact in the southern pathe image. In the linear trend image
(Figure 6¢) this area has a positive linear trehsp{ayed as blue) due to the recovery in
vegetation cover in the subsequent years afteirthe The 2008 Landsat image (Figure
6b) shows fire impacts across the majority of tteaaxcept for parts of the south and
north. These areas show a negative trend intleaditrend image (Figure 6c¢; displayed as
red) as these area have shown a net loss of viegetater over the trend time period.
Areas where vegetation cover levels were simildrd82 and 2008 are dark in the trend
image (Figure 6¢). Vegetation cover may have flatgd in the intervening years between
1992 and 2008 but at the start and finish of thne tperiod the vegetation cover levels

were similar.

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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0 127 255
- Positive slope — increase in vegetation cover
= Small slope — stable vegetation cover

— Negative slope — loss in vegetation cover (d)

Figure 6: Satellite imagery and linear trends gannant vegetation south west of the
Gingin Airfield: (a) 1992 Landsat image bands 3,2ed, green, blue; (b) 2008 Landsat
image bands 3,4,2 in red, green, blue; (c) Lif@and image 1992 to 2008 displaying
negative linear trend in red, positive linear tremthlue and stable trends in black; (d)
Histogram displaying how values of slope are afted to colours in the linear trend
image.

The time periods used in trend analysis can be@tigo management interventions or the
onset of changed environmental conditions so thgagnhon vegetation can be ascertained.
Similarly by varying the length of the assessmentqal used in the calculation of linear

trends information on short and long term changasgetation cover can be determined.

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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This is illustrated in the example in Figure 7.eThajority of remnant vegetation in the
1973 — 1992 linear trend image is showing a pasiiivear trend as vegetation cover was
low in 1973, more than likely as a result of fipgor to 1973, and has then increased until
1992 (Figure 7b). Fires subsequent to 1992, inesareas, has meant that vegetation cover
has decreased resulting in the majority of the ah@aving a negative linear trend in the
1992 — 2008 linear trend image (Figure 7c). Tmglterm linear trends (1973 — 2008;
Figure 7a) has smoothed out some of the shortfleantuations in vegetation cover and
shows that in the majority of areas vegetation ctnas increased (positive trend) or
remained stable since 1973. In only a few areawvbgetation cover decreased (negative
trend) since 1973 (Figure 7a).

Development of Remotely Sensed Vegetation Covex bnttl Vegetation Trends Analysis
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Figure 7: Linear trends for the remnant vegetasionth-west of the Gingin airfield for a)
1973 — 2008, b) 1973 — 1992, c) 1992 — 2008 andtapcalibrated PFC Index values for
all image dates, in the image archive, for remwagetation within the selected areas
outlined by the red, orange and blue squares.thediinear trend images positive trends
are blue, negative trends are red and areas \aitihestegetation cover are black. In all
selected areas vegetation cover was low in 1978ty due to fire impacts. For the
orange square cover gradually increased until B@@Pthen remained stable. In the
corresponding trend images this area is showndadha positive trend for 1973 — 2008
and 1973 — 1992 and a stable trend for 1992 — 200& fires (1998 and 2005) for the red
square resulted in vegetation cover in this aredirdeg and by 2008 it had only just

reached 1973 levels (overall negative trend 1926808). For the blue square, vegetation
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cover by 2008 was well above 1973 levels despitesan 1998 (overall positive trend
1973 — 2008).

Discussion

Satellite imagery has been used to provide valualidemation on changes in vegetation
cover across the project area from 1973-2008. fiteernation is derived from a Landsat
satellite data archive which is jointly supportgddbate agencies, CSIRO, and Federal
Department of Climate Chang&he information is provided as maps and digitahd
which indicate where and when changes in vegetatioer have occurred. The changes
in vegetation cover at particular sites can be tjfi@th and compared using graphical plots

of the responses over time.

This information and data can be used to direatigonvork and site selection, to
extrapolate from limited field observations, anddcate sites for detailed research work.
Knowing the location of where changes in vegetatiover has occurred over particular
time periods may assist in identifying the threatgmprocess(es) that may have caused

these changes.

A second Technical Report “Monitoring Vegetationn@iion in the Banksia Woodland of
the Gnangara Mound: the Role of Remote SensingsTogports on a study which utilised
the calibrated PFC Index and vegetation trendsyaisaio explore vegetation cover
dynamics on good and poor condition sites on agafigiges since last fire. It also
investigated at what scale the information prodércis Vegetation Trends Analysis could
be utilised to part of a monitoring system for Bsiak/Woodlands (Kinloclet al. 2009).
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