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ABSTRACT

The apparent lack of a robust tool to produce 3D rendering and animation of burnt areas
lead to the development of the BAS2 (Burnt Area Statistics 2) utility. As the post-fire burn
assessment is becoming more and more important in developed countries (USA, EU),
systems to rapidly evaluate a post-fire situation are being set in place. The reporting phase
being the crux of this process, a tool to create accurate, beautiful and customizable 3D
scenes is a welcome guest in the GIS world. Released under an open source license, this
utility can be extended by interested actors.
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1. INTRODUCTION

This paper presents the BAS2 (Burnt Area Statistics 2) reporting software, intended to
support the reporting stage after a forest fire.

A wildfire, also known as a forest fire or vegetation fire is an uncontrolled fire often
occurring in wild land areas, but which can also consume houses or agricultural resources.
The most common cause is human carelessness; other causes include lightning, arson,
volcano eruption as well as meteorites.

Forest fire management includes three stages:

e Pre-fire : prevention, risk assessment,
e During fire :combat tactics, mitigation, intervention policy,
e Post-fire : damage assessment, rehabilitation policy.

Post-Fire Burn Assessment is an increasingly important subject in affected countries or
regions. The U.S. National Parks Service is implementing various post-fire burn assessment
methods since the '70s. Closer, the European Union considers wildfires as one of the top
priorities in its environmental agenda; thus, the Joint Research Center maintains the “EU
Fire Database” - in force of the (EC) No 2152/2003 directive-, comprising a temporal and
spatial history of forest fires in 14 Member States of the Union and Romania. As the JRC
recognizes, the reporting of forest fires is mostly on a summary basis, lacking the mapping
and assessment of occurring fires.
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In order to submit clear and comprehensive status reports to decision factors so they
can take sound decisions, we have developed a software tool to create accurate surface
counts and nice 3D maps of burnt scars.

The program presented is not a GIS extension but a fully standalone, open source
application. It is intended to be a replacement of the ArcScene product from the ArcGIS
family, the ArcScene being unable to process even fair to medium datasets.

2. ACTUAL STATUS

Several procedures were developed to manage the post-fire burn assessment, from the
economic as well as ecologic point of view. They differ by aim, domain and of course by
given / available inputs. A method based on remote sensing using Landsat-TM images and
introducing indices to measure burn severity -similar to NDVI- was developed for the US
National Park Service (Key & Benson 2003). From the ecological perspective, the
assessment of vegetation regeneration/recovery after forest fires was conducted using
Landsat-TM images through classification techniques using Normalized Difference
Vegetation Index (NDVI) and Normalized Difference Moisture Index (NDMI) by a team of
researchers from the U.S. Yosemite Park Administration (Syfert & al, 2005). A post-fire
watershed assessment study in order to identify sensitive erosion prone spots in order to
implement emergency rehabilitation of burnt areas, using a hydrologic modeling tool was
conducted by (Goodrich & al, 2005). Abstract statistical methods such as Principal
Components Analysis (PCA) of multi-temporal multi-band images taken before and after
forest fires were successfully ran and documented (Chuvieco 1999), pointing out that local
variance (due to fires) appears in low-order components(Siljestrom & Moreno, 1995).

To outline the importance of post-fire assessment, one can check the policy of two of
the most powerful blocks in the world vis-a-vis of forest fires:

e Regarding EU fire management, it is stated that “the information on areas burned
by fire at the European level is normally aggregated at administrative level and
ignores the exact spatial location and extent of fires” (JRC 2006). The EFFIS
program, set up to respond rapidly to occurring fires, implements a rapid damage
assessment system by continuously analyzing MODIS as well as TERRA and
AQUA multi-band satellite imagery. Its aim is to establish a system of rapid post-
fire damage assessment, so quick intervention can be triggered to prevent further
damage by soil erosion or increased fire risk.

e Onthe U.S. Level, NASA has set up a near real-time hazards monitoring system
(that includes forest fires), that mainly relies on MODIS imagery (which the
Europeans are taking over as well).

The above-mentioned systems are web-based , their reporting ability being somehow
limited, and their main importance being the delivery of near real-time data for further
processing.

In the particular field of burnt area reporting, as mentioned, the ESRI ArcScene
extension is not doing an amazing job. This extension is very costly both financially and
computationally. From the computational point of view, ArcScene does not use any
hardware graphical acceleration, thus being very slow and even crashing on complex
graphics scenes.

Since the beginning of personal computing, at least 25% of the IT market shares were
games, and the vast majority being video games. In time, graphic acceleration cards were
supplied and today any computer possesses such a card that allows it to render extravagant
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3D graphics without glitch. Special software libraries/interfaces were designed to provide a
means to control vendor-specific hardware; the most popular being OpenGL and DirectX.
The BAS2 software utility (Burnt Area Statistics 2) is the heir of BAS (1) created in
1999 by 1.Gitas, as an Arcinfo/Workstation batch utility. Today it includes very basic GIS
functions (intersection and merging) and 3D mapping and rendering using OpenGL
hardware acceleration, being able to spin a scene in real-time at an amazing speed.

3. OBJECTIVE

The BAS2 software is intended to cover the existing gap in the GIS world in 3D.

Using as inputs the land cover map, a given fire perimeter polygon and an elevation
map, BAS2 will output a fully customizable 3D scene of the burnt perimeter. This scene
would be colored and viewed at will.

A secondary output of BAS2 is a cumulative report of “real” burnt areas (so, 3D
surfaces). Usually land cover maps expand over hills and valleys, and the 2D area is
considerably smaller than the real surface (that includes slopes — the 3D one).

4. UTILITY. POTENTIAL CONTRIBUTIONS

Being open source, BAS2 is not only totally free but also available for
modification/customization/extension by others. That said, the targeted users are those
users that cannot afford the 3D extension of ArcGIS as well as people using other cheaper
or even free GIS products. We assume that the users of this utility would be forest service
engineers or related jobs, and the audience — decision factors / authorities.

By its ease in use (wizard-like interface), we assume BAS2 will be used at
international scale. It will contribute to the foresters community with accurate, beautiful
and quickly produced reports.

5. IMPLEMENTATION

The product was developed as a Windows executable, using the Borland Delphi
development environment. Several parts of it are developed by thirds using open licensing
(GPL/LGPL or free for non-commercial use), such as:

e GPC - General Polygon Clipper by Alan Murta , 1999

e TDBF - freeware DBF component for Delphi

e OpenGL12 - from Project JEDI (LGPL), parts copyrighted by Microsoft, Silicon

Graphics Incorporated, NVidia , Brian Paul ,Mike Lischke, John O'Harrow,Eric
Grange,Olivier Chatelain, Tom Nuydens,Matthias Thoma,Sven Bobrowski.

The Sahpefile format reader and all other modules were developed from scratch.

The workflow of BAS2 is easily guessed from its interface (Fig. 1), as follws:

1. Definition of inputs

a) Fire Perimeter — as ESRI Shapefile (SHP+SHX+DBF)

b) Land Cover Map — as ESRI Shapefile (SHP+SHX+DBF)
» specification of database field containing category identifier

c) Elevation Data (TIN) - as ESRI Shapefile (TIN, obtained either from DEM or
from contour lines)
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2. Intersection
a) Land Cover layer is intersected with the Fire Perimeter polygon
b) The TIN is also intersected with the Fire perimeter (to ease the following
computation)
c) results of previous operations are intersected.
» Note: instead of executing only two intersections: LC N FP, then N TIN , BAS2
executes three, but limits the number of features to be intersected by ,,clipping* the
land cover and the TIN with the Fire Perimeter polygon. Ex: Land Cover has 500
features, the TIN — 700 triangles, the ,,straight* way would be : 500 N 1 N 700
resulting to -say- Q features, after 35000 operations. By clipping with the fire
perimeter, we may have 500 N 1 => A (say A=200), 700 N 1 => B (say B=100)
and 4 N B => Q features, after 500 + 700 + A*B = 21200 operations (33% faster).
3. Display
a) Summary of real burnt areas by categories (ex.: vegetation type)
b) Definition of the color table (1 color per category) and of visible categories
¢) Graphical 3D rendering of the scene. (possibility to take screenshots)

Resources:
e Any computer ,younger“ than 1999 should be able to run BAS2 perfectly.
e the more RAM |, the better (256 MB a recommended minimum)

Future foreseen development:
e alazarus port: Lazarus is a free, open source RAD IDE like Delphi, a port to
Lazarus will allow BAS2 to run on Linux, other Unixes and Mac OS X
e ADEMtoTIN and a,,Contour Lines Shapefile“ to TIN module (now the TIN has
to be created using a separate GIS product)
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Fig 1. BAS2 screenshot. Interface is wizard-like (very intuitive usage)
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6. CASE STUDY: THE 1989 FOREST FIRE IN THE ISLAND OF THASSOS

The island of Thassos is situated in the north-east of Greece (Fig. 2), and was formerly
known as “the Green Island”.

Fig. 2. Island of Thassos

Incidence of forest fires increasing as tourism did, a series of fires swept the island in
the 80's, from south to north in 1984, 1985 and 1989 burning most of the island as depicted
in Fig.3.

Fig. 3. Forest fires of 1984, 1985 and 1989 in Thassos
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For the present case study, we analyze the 1989 forest fire. The inputs are three ESRI
Shapes (.SHP+.SHX+.DBF) and consist of the Fire Perimeter as measured by the Thassos
Fire Brigade, a land cover map (from the CORINE database) as drawn in Fig. 4:

6 Fire Petimeter

B abandoned Farmlands
" Arable Land
Bare Land
B Castanea
M Grasslands
Pinus Brutia
M Pinus Brutia - Pinus Migra
B Pinus Brutia - Platanus
Finus Migra
Pinus Migra - Abies
0 Platanus
B Quercus
B Settlements
1 Shrublands

Fig: 4. Fire Perimeter and Land Cover Map (ArcGIS preview)

The elevation data (required for the third dimension data) is fetched as a TIN
(triangular irregular network) layer, obtained from a 30m/pixel DEM. The input TIN is
presented in Fig. 5:
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Fig.5. Elevation data as TIN — (ArcGIS preview)
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Once the inputs were set up, the intersection process may start (after pressing the
COMPUTE button). All temporary files are stored in the “Output Directory”; So the user
may save this project from File/Save As... and reload it later, without needing to restart the
time-consuming intersection process.

As soon as the intersection is ready, the user receives the report of total burnt areas
(2D as well as 3D, real surface) (Fig. 6). This output is also stored in the output directory as
file TotalAreas.dbf, which can be later opened in spreadsheet tools such as MS Excel or
OpenOffice Calc for further processing.

4 D:Amaster\TEMP)TotalAreas. dbf

it Ahandoned Famlands 356095 27 364475.04
1 Arable Land 1758917149 18113610.74
: 2 Bare Land B44180.21 93707211
3 Castanea 414409.16 426500.02
B 4 Gragzlands 197816.02 20789517
: 5 Finus Brutia 478E7YEE3.10 50805169.83
& Pinuz Brutia - Pinuz Migra 794788534 243162837
: 7 PFinusz Migra 14R0E752.77 15704283.19
8 Platanuz 34972.86 37095.74
B 9 Quercus 143474.95 153930.51
: 10 Settlements £33730.87 FEE332.54
n 11 Shrublands 7o03250.61 TA4ETEYEE]
JHint: DEF Files can be opened in M3 Excel or OpenOffice,  Ex: IF wour results are in m2, wou can convert ko ha or km2

Fig.6. The report of cumulative areas per burnt category

This completed, the user is prompted to define a color table of elements to be rendered
in 3D. A default color table is suggested. All elements are selected as “showable” by
default. After this color table is defined, the software is ready to render the 3D graphics of
the burnt scene (Fig. 7):
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Quercus vl
Seftlernents 5 _

Shrublands

1KE DDP File
1KB DFM File

Fig.7. Default rendering of the burnt scene(all categories displayed)
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The user may rotate the scene using the mouse (much like a 3D game) and zoom
in/out using the mouse wheel. Different perspectives may be achieved (Fig.8):

Fig.8. Different perspective of the same scene. Screenshot took using the built-in function.

It is on the user's latitude to choose all or just some of the elements to be rendered. In
the following scene, only Pinus Brutia species are to be drawn (Fig.9):

w4 Define Color table
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Grasslands
Firws Brutia
Firuz Brutia - Pinug Migra
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Ooooor&EOgooo

Fig.9. Rendering of Pinus Brutia and Pinus Brutia-Pinus Nigra categories

During rendering, heights below sea level are drawn in blue (“navy”) and the 3D
surface is drawn in shades of yellow. The user may wish to see only the 3D decorum, only
the burnt surfaces or both (default). A “Take Screenshot” function is also provided.
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7. CONCLUSION

The BAS2 utility is a robust and useful tool to produce accurate and comprehensive
three-dimensional scenes to be used in post-fire assessment reports. Quantitative results
(areas) are also provided. Usage of hardware 3D acceleration (OpenGL) makes BAS2 a
faster utility than other alternates on the market. In extenso, BAS2 can be used for general
3D mapping of land covers, the segmentation of vegetation layers on altitude, for example,
being very intuitively seen in such a 3D scene.
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