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Abstract

Several classification techniques have been degdl@gnd used to detect and map burnt
areas, ranging from the simple enhancements tontbee complex, such as spectral
unmixing and principal component analysis. In thi®ject we used an historical
sequence of rectified and calibrated Landsat Thenvapper (TM) imagery to produce
a simulated pre-fire image. Near infrared and tsivave infrared bands provide the best
contrast between healthy vegetation and burnedtage. Landsat TM bands 4 (near
infrared) and 7 (short wave infrared) are combimed band ratio transformation called
the Normalized Burn Ratio (NBR = (B4 - B7)/(B4 + 7 This transformation is
computed for the simulated pre-fire image and tloereach image date of the historical
sequence. Fire occurrences for each date wereaddppsubtracting the NBR of each
date from the simulated pre-fire image. This mdtled mapping fire occurrences has
been compared with two other multi-temporal firéedéion techniques, and was found to
produce the most reliable results of the threertiegles.



I ntroduction

Remote sensing enables the historical mappingrefsitars over large areas. In many
cases remotely sensed data is the only comprelgedaia set available for inaccessible
areas. Fires cause a temporary change in the capelstherefore change detection
methods may be used to map the occurrence of fires.

This study examines the performance of three chdeggction methods over a thirteen-
date sequence of imagery in the Mount Barker Landisé scene, path 111, row 84.
Indices improve the ability of one land type todiscriminated from another. An index
for identifying fires in a single image is applieal each date and used as input into the
change detection methods. The index utilisedad\brmalised Burn Ratio (NBR) and it
produces a single band image for each date, whereateas affected by fire have
negative values. The change detection methods iegdmare fire effect, image
differencing magnitude and simulated pre-fire imagehe effectiveness of each
technique is accessed visually with the aid of eolcomposite enhancements and geo-
linked windows.

The most reliable change detection technique détexnby this investigation, will be
used to conduct fire history mapping throughout sbath west of Western Australia.
This information will increase knowledge of firegimes and improve fire management
practices.

Study Area

The study area is located in the south west of @esAustralia in Landsat TM Mount
Barker scene, path 111, row 84 as shown in fignee orhe study area is separated into
two zones for description and spectral signatur@yais due to differences of rainfall,
soils and vegetation. The whole study area howeveapplied at once in the analysis.
The description of the regions focuses on the feckareas, the other major land use in
the study area is agriculture. The production ftbese areas is dryland agriculture and
plantations (Beestogt. al., 2002).

The Stirlings region shown on figure one encompmsse Stirling Range National Park
(SRNP) and the Porongurup National Park (PNP). @&hea experiences a typical
Mediterranean climate, with the SPNP experiencingeater range of temperatures due
to being located further from the coast (Herfetdal., 1999). The two parks although
geographically close have different geology. Theli®g Range consists of altered
sandstones and shales laid down at the coast aheient sea, a layer of clayey soll
covers the mid slope level, with the best soilated on the valley floors (Herfomd. al.,
1999). The hills of the Porongurup Range were itgaslands 55 million years ago, the
steep slopes contain rock screes and sandy depibgtsouth west corner of the PNP
includes a small area of deep sand (Herfirchl., 1999). The SRNP consists of five



major plant communities including; thicket, malleeath, woodlands, wetlands and salt-
lake communities (Keighery and Beard, 1994). TR&B has a great diversity of flora
making up over 20 percent of the known flora in Was Australia (Herforcet. al.,
1999). The PNP is composed of three major plambnoonities; granite outcrops,
surrounded by tall karri forest and jarrah, maorest in the low woodland (Herforl.

al., 1999). The annual rainfall in the SRNP variesnfr500-600mm with rainfall
decreasing in the northern side of the park andtgreprecipitation on the peaks. The
annual rainfall in the PNP is greater at 700mm fbteret. al., 1999).

The Western region as shown on figure one contaiagge area of forest, which is made
up of state forest, national parks and vacant crtama. Annual rainfall starts from
1400mm on the south west coast and decreases t@abteand north to 700mm
(Department of Agriculture, 2003). The climatetbé region is a Mediterranean type.
The forest on the south coast contains graniterops$s areas of yellow duplex soils and a
thin capping over rocks of laterite (Smeth al., 1990). Many of the plant species on the
south west coastal forest are high rainfall speckesurteen plant community types exist
in this region, the types include various typeshmfubland, heath, forest, dune and plain
(Smith et. al., 1990). The inland forest in the Western regitso acontains granite
outcrops and yellow duplex soils are located inlsaraounts, grey gravelly sandy loams
are more common. Further to the north clay soild @odsolic grey sands occur
(Liddlelow and Ward, 1981). The vegetation forroa§ present are open forest, low
woodland, low open woodland, sedgelands/open heath riverine (Liddlelow and
Ward, 1981).
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Figure 1. South west Western Australia, study area Mount Barker scene path 111, row 84.



Data set

The image sequence utilised consists of thirteemdsat TM scenes, table one displays
the image acquisition dates. Multi-temporal analysquires that pixels represent the
same position throughout time. Each scene wassaigaegistered to an accurate base
mosaic of the area (Cacce#fa al., 2000). The images were co-registered at 25 metre
pixel, projection AMG, datum AGD66. Each image utathas been transformed to
GDA94, thus the projection and datum used in thigslys is MGA zone 50, GDA94.
Calibration is also a requirement for multi-tempaaalysis, so that pixel values can be
compared from different dates. The summer imagergalibrated to a summer base
which was cross calibrated using robust regresschniques to provide a consistent
radiometric base (Caccett. al., 2000), (Furby and Campbell, 2001). The spring
imagery is similarly calibrated.

Mount Barker 111/84 Season
11 February 2002 Summer
28 March 2001 Summer
6 February 2000 Summer
11 February 1999 Summer
7 January 1998 Summer
20 March 1995 Autumn
28 January 1994 Summer
22 September 1993 Spring
24 February 1992 Summer
20 January 1991 Summer
14 September 1990 Spring
19 March 1989 Autumn
13 February 1988 Summer

Table 1: Landsat TM Mount Barker scenes, path 111, row 84, image acquisition dates.
Background
Firelndices

Indices that identify fire in a single image arefus$ to use as base images in a temporal
analysis of fire. An appropriate index will enstine brightness values of fires in a single
image will be higher or lower than other areastaf image. Most applications of an
index however will identify fires and those areaghvsimilar spectral signatures to fire.
This is where temporal analysis can be introducectinove those areas that are similar
spectrally to fire.

Normalised difference vegetation index (NDVI) is@nmonly used index that has been
applied to fire mapping, (Garia-Haab. al., 2001), (Sunar an@zkan, 2001). Salvador
et. al. (2000) applied NDVI to a sequence of Landsat M@&gery to use in a semi-
automatic method for detecting fire scars. Thelytiound that NDVI was not as
effective in areas of sparse vegetation and insamaere there has been significant



recovery of the vegetation after the fire instan€aus due to the scrub-like vegetation of
much of the study area this index would not belidea

Koutsias and Karteris (2000) examined the discratanability of the Landsat TM bands
between fire and other land cover types. The stieiyd that when differentiating
between crops and fire scars band four and barehgewvided the best discrimination,
and band five and band seven provided the bestidisation between forest and fire
scars. The study also examines the performandadafes and colour composites of
identifying fires. The indices examined are the\N[and a variation of NDVI using
band seven and band four, in the place of banddodrband three. It was found that this
variation performed better than NDVI in identifyifige scars in a single image. Colour
composites using band four, band seven and eitedt bne or two provide the best red,
green, blue enhancements of fire scars.

Key and Benson (2001) examine the effectivenesheohormalised burn ration (NBR),
shown in equation (1) below. They examined the afsband 7, NDVI and NBR in
conjunction with image differencing to identify dirseverity. Image differencing is the
subtraction of a pre-fire image from a post-fireage to identify areas of change. Areas
of change will include fire scars and other changesh as forest clearing. Key and
Benson found that NBR provided the best delineatietween fire scars and unburned
areas and NBR also had the largest dynamic rantenvthe fire scars, which enabled
fire severity to be mapped. NBR performed bestrwtiee images differenced were
obtained in spring, as compared to late summettsesu

TM band 4-TM band 7
TM band 4+TM band 7

(1)

Application of the NBR to a single image producesrgle band image that displays fire
scars and areas with similar spectral signaturéisetoas dark regions. Figures two and
three below show the spectral signatures of adurallland, forest and fire scars of the
two stratified regions in the Landsat TM scene usedhe analysis, the values were
extracted from the 1998 Mount Barker scene.
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Figure 2: Average reriectance values 1or eacn Lanasat | ivi pana In tne agricultural lands, forest and

fire scarsin the western region of the Mount Barker scene, extracted from the 1998 image.
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Figure 3: Average reflectance values for each Landsat TM band in the agricultural lands, forest and
fire scars in the Stirlings region of the Mount Barker scene, extracted from the 1998

image.

Figures two and three show how the fire scars enrdfgions differ. In the Stirlings
region the fire scars in bands four and seven amehnbrighter, and thus resemble
agricultural lands more than in the western regwmere there is a larger gap in
reflectance values. However when the NBR is catedl due to the similar differences in
band reflectance values the NBR values for agmucaltlands and fire scars in the
Western region are very similar, this is illustchia table 2. In the Stirlings region the
agricultural areas NBR values are considerably nmegative than the fire scars’ NBR
values. The ideal situation would be for the §pars in both regions to have the highest
negative values for ease of identification. Inrayke image this is not possible, but in a



temporal sequence the unchanging agricultural aregsbe removed and the fire scars
may be identified more readily.

Land Cover Type Region NBR value
Agricultural Lands Western -0.02797
Forest Western 0.527763
Fire Scars Western -0.02555
Agricultural Lands Stirlings -0.10818
Forest Stirlings 0.268164
Fire Scars Stirlings -0.04856

Table 2: NBR values for land typesin the two regions identified in the Mount Barker 1998 L andsat
TM scene.

Change detection for firescars

Change detection is an effective tool in identifyifire scars. Other land use types
having similar spectral signatures or derived indekues to fire scars, affect single
image assessments. If these similar areas dohaotge significantly over time then
change detection may be used to remove them fr@mattalysis, and focus on the
changes caused by fire. Change detection regihiaéshe sequence of imagery needs to
be co-registered, the temporal resolution held teorisand ideally captured by the same
sensor (Jensen, 1996). Calibration to commoneséer values allows the comparison of
images from different dates (Furby and CampbelQ130 For fire detection it is best if
the post-fire image is not captured more than a gar the fire incidence (Whit. al.,
1996), therefore it is ideal if the image sequeiscannual. Obtaining imagery from the
same time of year will reduce seasonal affectshenanalysis. The effectiveness of
change detection is affected by changes in soilstu@ conditions and vegetation
phenological cycles (Jensen, 1996).

Fire Effect

The fire effect multi-temporal method of fire deien proposed by Garcia-Haeb. al.
(2001) utilises a sequence of three images. Oimgemefers to the pre-fire image, the
second image is the first date after the fire ianimk and the third image is the second
date after the fire incidence. Garcia-H&toal. derived NDVI images to be used in the
image sequence, this study uses NBR images inndigieg the fire effect measure,
equation (2) displays the algorithm required ta@gkite the fire effect. Rs the first date
subtracted from the second date andsRhe second date subtracted from the third date.
P is an empirically determined negative factor, dizaHaroet. al. adopted a value of
negative one for P and that value has also beahinghis study.



i _R R
Fire Effect = —— 2
ire Effec R2+R1R1 (2)

Values for fire effect will be higher and positivenere there are large changes between
the three input images, which corresponds withtémeporary changes caused by fire.
The fire effect is assessed for the second inpagenwhich is the first image taken post-
fire. Garcia-Haroet. al. compared the fire effect technique with two otineethods,
change vector analysis and multi-temporal princigahponents analysis. The authors
found that all methods were effective in detecfioigst fires, but the fire effect method
yielded the most reliable results.

I mage Differencing M agnitude

Image differencing is the subtraction of an imagerf another image of a different date
to produce a change image. When using images peddoy the calculation of the NBR
the subtraction of the post-fire image from the-fm@image yields an image where areas
of change have higher values. Those changes asswcivith fire appear as large
positive values. This method has been applied BeiVand Yool (2002) and Key and
Benson (2001) to assess fire severity. The metqalied in this study utilises the
magnitude of the changes found in the change imggkling an image where all the
changes are positive, equation (3) displays therdign used. This method allows fires
to be identified in two change images, one wheeectiange is caused by the destruction
of the fire, and in the later change image wheeedfiange is due to revegetation in the
fire affected area.

Magnitude of Change = \/(PreFire NBR - PostFire NBR)® (3)

Simulated Pre-fire Image

Fires cause a temporary change in the landscape irttage differencing works well in
highlighting those areas that have changed in eae t another. When identifying fires
using image differencing the pre-fire image is Ijeaot affected by change, this
however is difficult to achieve across an entiredsat scene. Creating a simulated pre-
fire image aims to construct a pre-fire image ritecied by temporary changes. This is
achieved by extracting the median value of a pixain a large sequence of imagery.
The median value is extracted, as throughout theesee of imagery when the area of a
pixel is burnt the reflectance value of the pixell whange between higher and lower
values than the pre-fire pixel value. The sequesfdenagery records when the area is
charred, bare and at different levels of recovariil the area is restored to its pre-fire
state.

To create a simulated pre-fire NBR image the metbareach pixel in band four and in

band seven needs to be found initially. Then utiiegpre-fire band four and band seven
images the simulated pre-fire NBR may be derivétiis is done to reflect the changes
observed by the sensor. Then to identify firethim post-fire image, the post-fire image



is subtracted from the simulated pre-fire imagehai@es due to fire will appear as
positive values.

M ethodology

The analysis was carried out using ER Mapper 6A4% a basis for all the change
detection methods to be tested a single multi-baradje containing the NBR calculated
for each date was created. The NBR values whansformed from the possible range
of values of -1, 1 to 0, 255 to enable the imagbed saved in unsigned eight bit integer
format. This process produced a thirteen band @na@§y water mask derived from the
Landsat TM imagery is applied to the outputs ofttiree change detection methods due
to areas of water being identified as change.

Fire Effect

Calculation of the fire effect requires three imggeates and the resultant image can be
used to identify fire scars that occurred after fir date and before the middle date.
Therefore the resultant image is assigned to thddleidate. In the sequence of the
thirteen images the first and last dates will nexenfire effect images assigned to them.
To determine the fire effect firstly the, Rnd R values are calculated utilising the multi-
band NBR image, and stored in a two band imagee Vdlues for Rand R were
transformed from a possible range of —255, 255 #b6. This two band image was then
used to compute the fire effect. For display pegsothe values of fire effect were
stretched from a range of —0.01, 0.01 to 0, 255.

I mage Differencing Magnitude

The method applied in this study finds the magratatichanges between two dates. The
changes found are ascribed to the more recenteofwth dates, thus there is no change
image produced for the oldest image in the sequefte multi-band NBR image was
used to compute the change images. The changessmw areas of fire destruction
and recovery as large positive values. In ordetifierentiate between destruction and
recovery, previous change images need to be cedstudtassign the earliest possible date
to the fire occurrence.

Simulated Pre-fire Image

In order to calculate the median for each pixebamd four and band seven a program
was written in the Java 2 language. As input ttogmam required a multi-band image
file containing each date in the sequence for glsitand, in eight-bit integer, ER
Mapper format. The output of the program is alsifand image containing the median
values for the input band in ER Mapper format. ©tlee median images for band four
and band seven are produced they are saved to-laamebimage file. This image is then
added to the multi-band NBR image as another baddfze NBR calculated to produce
the simulated pre-fire image. To produce the chamages each date is subtracted from
the simulated pre-fire image. This method producebange image for each date in the



sequence. The range of values in the change imagb5, 255 and changes due to fire
appear as positive values, therefore the imagerésiolded to the positive values in the
image. This improves the differentiation of figass from the background.

Results

Comparing the results for a year in the image secgieand ranking the techniques
assessed the results from the three change detestethods. The ranking was

performed visually with two criteria, 1) the amouwft fire scar identified and 2) the

differentiation of the fire from the background. ranking of one indicates the best
performing method of the three in that particulaay A 7, 4, 2 RGB enhancement was
also used in the assessment, figure four displag$aur geo-linked windows used in the
evaluation.

Figure 4: Ranking assessment images, 1998. Top left: bands 7, 4, 2 RGB enhancement, top right:
simulated prefire change image, bottom left: fire effect change image, bottom right:
image differ ence magnitude change image.

All the fire scars present in the images were erachiand a ranking defined for the scene
as a whole. Figure five illustrates a typical imgation of the images. As can be seen in
the enhancement one of the fires is barely pefgepsnd the other clearly visible. The
value of the fire index in conjunction with changgtection is shown in how the area of
the barely perceptible fire in the enhancementasle identified in the change images.



The clearly visible fire is defined quickly froml anages but the other fire is not as well
defined in the image differencing magnitude imagdée fire effect and simulated pre-
fire image identify the extents of that fire morenpletely, but the simulated pre-fire
image defined the fire from the background moreaively. Therefore based on this
area the ranking would be 1 — simulated pre-firagen 2 — fire effect and 3 — image
differencing magnitude.

R

Figure 5: Subset of ranking assessment images, 1998. Top left: bands 7, 4, 2 RGB enhancement, top
right: smulated pre-fire change image, bottom left: fire effect change image, bottom
right: image difference magnitude change image.

Table 3 displays the rankings assigned for each iyethe sequence and the average
ranking obtained by each method. As can be seerithulated pre-fire image performs
the best followed by the fire effect method andlyathe image differencing magnitude
technique. In 1989 the simulated pre-fire imagerdt perform as well as the other two
techniques. This may be due to extensive cloucercmn the 1989 image, as the
simulated pre-fire technique is dependant on tradityuof the post fire image. The fire
effect and image differencing magnitude methodsevedfected by the image quality of
1989 in the change detection image of 1990. Thdue to 1989 being the pre-fire image
in both techniques to determine the fire scar<9@01



The possible causes for the failure of the simdlgiee-fire image in 1992 are more

difficult is ascertain. Upon examination of theaigery it appears that there is a flush of
vegetation growth in the image. As the image watsioed in late summer the growth

may have obscured the destruction caused by firdsei past year. Rainfall statistics for
the Mount Barker area show a sharp increase ianh@unt of rain in February 1992. In

February 1991 the total for the month was 2.6mm ianBebruary 1992 the total was

39.0mm, most of which fell between the 1 and 13r&aty, the average for February is
24mm (Department of Agriculture, 2003).

Problems with a particular image will affect eattaege detection technique in different
ways. The simulated pre-fire image method will dféected in the change detection
image produced for the year of the image. Thedifect method effectiveness will be
affected in the date after the problematic imagehe image differencing magnitude
technique is affected in the date after the probl&animage, but it is not as severely
affected as the fire effect method.

Y ear Fire Effect Image Differencing | Simulated Pre-Fire
M agnitude Image
2

2002
2001
2000
1999
1998
1995
1994
1993
1992
1991
1990
1989
1988

Aver age Ranking 2 3
Table 3: Rankings assigned each fire detection method for each year in the sequence, a ranking of 1
indicatesthe best performance.
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Discussion

All three techniques defined the fire scars acdd#ptahen the fire had burnt the canopy,
or the ground significantly. However fires whicid shot cause as much destruction or in
which revegetation had occurred are harder to tlelée use of a geo-linked 7, 4, 2
RGB enhancement of the study area greatly imprakiedability to identify fires from
other changes detected by the three techniques. amalysis found that on average the
simulated pre-fire image method of identifying fgears performed the best compared to
the other two change detection methods investigatdds could be due to this method
providing a pre-fire image in which no pixel isedted by fire. The other two methods



can not provide this situation across an entiredsah scene. The simulated pre-fire
image technique however is strongly affected byothaity of the imagery.

The fire effect method identified fire scars cagablut does not differentiate the fire scar
from the background as distinctly as the other taghniques. The effectiveness of the
fire effect method suffers when the image qualitghe pre-fire image is poor, or when
the pre-fire or the first post-fire image is frondiéferent season to the other two images.
The image differencing magnitude technique idesdifithe fire scars from the
background suitably, but the extents of the fir@rsavere not identified as completely as
the other two methods. The quality of the changteaion images produced by the
image differencing magnitude technique was mosicédd when the pre-fire image was a
spring image and the post-fire image was a summeageé. The image quality also
affects the image differencing magnitude output,rmi as significantly as the fire effect
method.

The fire scars are clearly distinguished from tlaeKkground in the forest areas. In the
agricultural areas the fire scars are less eagjetttify due to changes in the agricultural
areas causing confusion. Stratification of thedgtarea according to land use could
improve the identification of fires in the agriaudal areas. In the forest area of the
Stirlings region the identification of the extent fire scars is affected by the slow
recovery of old fires. A new fire may burn inteethrea of a fire two or three years old
and the extent of the old fire region burnt by iesv fire can be difficult to delineate.

To create fire scar images from the change detectiages the areas potentially affected
by fire need to be extracted from the rest of thage. This may be achieved by
generating vectors that roughly delineates the afdlae fire scar detected and extracting
those areas from the rest of the image. The stwaghénternal pattern of fire scars help to
separate them from changes detected in the agniablireas. The values in the fire scars
are then reclassed to 0 and 1, with O represergnegs not affected by fire and 1
representing areas that are affected by fire. Theates a binary image displaying the
areas potentially affected by fire up to a yeawjmes to the date of the image (White??).
This time constraint was evident upon examinatibthe fire scars detected in 1998 and
1995, ground data for fires in 1996 were not evidenthe fire scar map of 1998.
Displaying several years of the fire scar histomckgly shows the user the extent of fires
in the study area.

The simulated pre-fire image technique of fire sbatection will be carried out on other
Landsat TM scenes in the south west of Westernralisst The results from this analysis
will be used to create fire history maps of theimag Interactive ArcView 3.2 projects
will be created using this data and the projectsaad in understanding fire regimes and
impacts in the south west of Western Australia.
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