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The optical properties of the Indonesian forest fire in 1999
○ Dodi
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Abstract: The optical properties of Indonesian forest fire in 1999 are derived from NOAA AVHRR data. Hotspots and
fire locations in Kalimantan Island have shown the highest occurrence in September. The optical thickness of two
sample points surrounding the island and the comparison with the nearest city visibility data are also presented.
Keywords: forest fire, hotspots, optical thickness, aerosol.

T 3 ≥ 316K; (2) T3 ≥ T 4 + 10K; and (3) T4 > 250K.

1. Introduction
The Indonesian forest fires occurred in the

The first condition ensures that in order that a pixel is

autumn season in 1999, two-years after the last one in

considered to contain a fire (or fires), it has to be

1997. This phenomenon has related with the large El

close to the 320K-saturation level. The second

Nino, which occurred in 1982/83, 1987, 1991 and

condition ensures that dry grass and hot bare soils are

1997/98. Biomass burning, which is prevalent in

not classified as fire pixels, and the third condition

tropics, serves to cultivating land due to the

ensures that strongly reflective clouds are not being

expanding population. It produces large amounts of

included. The conversion from digital number of

trace gases and aerosol particles, which play a pivotal

each channel into the temperature are related by [3]:

role in tropospheric chemistry and climate [1].

T (E ) =

In this research, the analysis of the Indonesian
Forest fire in 1999 and the direct radiative effects

C 2ν
 C1ν3 
ln  1 +
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produced through biomass burning are examined
using satellite data. The Advanced Very High
Resolution Radiometer (AVHRR) imagery is used to
study the radiative effects of biomass burning over

Point A

Kalimantan Island in Indonesia. The change of

Poi

number of hotspots produced by burning is presented.
2. Analysis Method
In the experiment, we have applied IR channels
(channels 3 and 4) of the AVHRR to count the
hotspots of Kalimantan Island. The forest fire

Poi

hotspots locations were detected using the method of

Point B

Kaufman et.al. [2]. A fire was detected if the AVHRR
Fig.1. The area of interest

channels 3 and 4 satisfied the following criteria: (1)
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The measurement of the optical thickness was
performed using channel 1 of AVHRR. In order to

Calculate the radiance observed
by the satelliteLobs = (DN ⋅ S + I ) 100FπW

obtain the aerosol optical thickness, we selected 12
points in 6 days of clear day images sampled over the
sea eastern of the Kalimantan Island (Fig. 1).

Compute L gd as

We used 6S (Second Simulation of the Satellite

Lgd =

Signal in the Solar Spectrum), a computer code that

 τ 
 τ 
1
Φ(λ ) Es (λ )µs exp − .ρ exp − dλ
π
 µs 
 µs 

∫

can accurately simulate the satellite signal affected by
the presence of atmosphere. The radiance reflected

Penetration radiation LGD as a
function of τ550

from the sun, received by the satellite sensor when it

L GD (τ 550 ) = Lobs − L ′(τ550 )

passed over the Earth surface can be described as:

L ′(τ550 ) = Ltotal − L gd

L atm = L ps + L pm

L total = L atm + Lenv + L tar

Lenv = L′pm
Ltar = L gd + L gi + L′gi

The optical thickness derived from the satellite
(channel 1, central wavelength=630nm)
1

πLGD


τ 630( NOAA) = −
ln
secθ s + secθ v  Eext ρ cosθs cosθ v 

and illustrated in Fig. 2:

The tropical and biomass burning are selected as
atmospheric and aerosol model, respectively. The sea
surface reflectance was assumed to be 2%. The
optical thickness obtained from the simulation is then
compared to the visibility data of two cities near to
the sampling area.

3. Results and Discussion
3.1. The Hotspots

Fig. 2. Radiance elements captured by satellite
sensor

We analyzed the hotspots of the forest fire

There are three main radiance which are detected

detected from thermal channels of the AVHRR

by a satellite sensor: the radiance which is reflected

images. The total of pixels that indicate high

from the target (Ltar, the area which passed by the

temperatures were counted and it is found that the

satellite), from the environment (Lenv , near the

hotspots in September showed highest occurrence of

target), and from the atmosphere (Latm). To calculate

fire (Fig. 3).

the optical thickness using the 6S radiative transfer

In summary, the total of number of hotspots from

simulator, the radiance value from the satellite data is

August 2 until September 27 is shown graphically in

processed according to the following steps [4]:

Fig. 4.
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Fig. 3. The hotspot map of Kalimantan from July ~ September 1999
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Fig. 4. The hotspot numbers in Kalimantan Island (August-September)

It was clear from the Fig. 4 that the pattern of

number of hotspot, we calculated the percentage of

hotspot data is not well distributed since there are

the cloud coverage within 10% of error tolerance.

high occurrences suddenly followed by low

The cloud data were obtained from the GMS

number. These phenomena occurred due to the

(Geostationary Meteorology Satellite). The result

cloud coverage over the Kalimantan Island, since

showed a good relationship between the small

the visible channel of the NOAA/AVHRR cannot

numbers of hotspot to the high cloud coverage

penetrate clouds. In order to approximate the real

percentage.
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3.2. The Optical Thickness

4. Conclusion

The result of 6S computation is the optical
thickness at the center wavelength (630nm) of

We have shown the analysis of the Indonesian

channel 1 and 550 nm. The latter was presented in

forest fire in 1999. The fire occurrences mostly

order to compare with the 550 nm optical thickness

found in August ~ September 1999. Due to the

obtained from visibility data in Kuching (1.29N,

cloud coverage, hotspots cannot be detected using

110.20E) and Ketapang (1.51S, 109.58E), two

the visible channel of NOAA/AVHRR. The

cities circled near point A and B in Fig. 1,

validation of the simulation results using the

respectively.

meteorological data of two cities near the area of

Figures

5

and 6 showed the

comparison of the optical thickness with both cities.

interests showed a good relationship.

It is shown that the relationship between both of
data is very strong.
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