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Abstract

Recently, remote sensing technology, especially Synthetic Aperture Radar (SAR)
sensor, has been an efficient and helpful tool to monitor tropical forest area where always in
cloudy condition. However, SAR data are not easily interpreted due to the complex relations
of the radar scattering mechanism between microwaves and tropical forest parameter (i.e.
diameter of tree trunk, thickness of burnt coal seam, surface roughness and soil moisture).
Hence, in this research, numerical methods were developed to analyse the interaction of L
Band microwaves with atree trunk of tropical forest and burnt coal seam of forest fire scars.

In analysis of scattered wave from a tropica tree trunk, the proposed method
approximates a trunk as an infinite length of two and three layers of cylindrical dielectric
media. These layers are skin and heartwood; and skin, xylem and heartwood. The
horizontally and vertically polarised scattered fields are derived in order to calculate the
relationship between trunk diameter and backscattering coefficient. The analysis result is
confirmed by simulating the scattered wave from a tree trunk using Finite Difference Time
Domain (FDTD) method. The model uses the equations of scattered electromagnetic fields
that are derived from Maxwell’s equations. Both analysis and simulation results are similar.
Then the relationship is used to estimate tree trunk diameters of pine forest around Saguling
lake and tropical forest a8 Mount Gede Pangrango National Park, west Java, Indonesia from
Japanese Earth Resources Satellite (JERS-1) SAR data.

In analysis of scattered wave from burnt coal seam, two types of methods (simple and
complicated) are conducted to analyse scattered waves from burnt coal seam in order to
estimate thickness of forest fire scars. The model is composed of three media namely; free
space (air), burnt coal seam and peat (a perfectly conductor). For computation purposes, the
equivalent circuit of this model is conducted using classical transmission line circuit method
for a simple anaysis, and the advanced stationary-phase approximation is used to analyse
scattered wave from complicated rough burnt coal seam. The relationship between
backscattering coefficient and thickness of burnt coal seam is obtained. The analysis result is
confirmed by simulation using FDTD method. The simulation is done using a two-
dimensiona finite-difference model for scattered waves from the burnt coal seam. Both
analysis and the simulation results are similar. Subsequently, the developed model is applied
to estimate the thickness of burnt coal seam in centra Borneo fire events in 1997 using
JERS-1 SAR data. The estimated result agrees with ground measurement that was collected
in period of 1995 to 1997.
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