Characterising Bush Fires in Australia’s Top End using MODIS Active Fire Observations.
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Abstract — This study used MODIS active fire detections
and associated fire radiative power estimates to characterise
bush fires in the savanna region of Australia’s Northern
Territory. In contrast to other sensors MODIS has
dedicated fire channels that rarely saturate over fires,
enabling fire detections during the day and estimates of fire
radiative power. Using number of day- and night-time fire
detections it was possible to distinguish two phases of fire
activity. The first phase, occurring in the early dry season, is
dominated by low intensity management fires that are lit
during the day and extinguish in the evening. In the late dry
season, the second phase shows many high intensity fires
which are burning through the night.
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1. INTRODUCTION

In Australia between 300 000 km?® and over 700 000 km? are
affected by fire annually (Craig et al. 2002, Russell-Smith et al.
2007). Apart from threatening lives and destroying assets fires
have significant effects on biodiversity (Bradstock et al. 2002)
and erosional processes (Ellis et al. 2004) and are a significant
source of greenhouse gas emissions (e.g. Hao and Liu 1994,
Meyer 2004, Carmona-Moreno et al. 2005). The majority of
fires occur in northern Australia’s tropical savannas with some
areas experiencing a fire every year (Craig et al. 2002). The
wet/dry season climate creates a distinct fire season with a
seasonal variability in fire activity.

Earth observation satellites have been used to monitor fire for
more than two decades, using computer algorithms that detect
the location of active fires at the time of satellite overpass
(Matson & Holben 1987). Active fire detection utilises the
thermal bands of remote sensing instruments. The detection
algorithm compares the temperature of the investigated pixel
with an absolute threshold and/or a threshold relative to the
temperature of surrounding pixels. Pixels with a temperature
above these thresholds are marked as containing a fire.

One instrument used for active fire detection is the MODerate
resolution Imaging Spectroradiometers (MODIS) (Justice et al.
1998, Salomonson et al. 2006). It is carried on board two
satellite platforms, Terra and Aqua. Significant advantages of
MODIS over other sensor systems are the high sensor saturation
level (500 K; Justice et al. 2006) and the high radiometric and
geometric data quality. This makes it possible to use MODIS
for active fire detection not only during the night but during day
time as well. Another advantage of the MODIS sensor is that its
platforms are in stable orbits that don’t drift over time as
atmospheric drag is compensated for with orbit corrections
manoeuvres. This leads to stable observation times and makes
comparisons between seasons and between years easier.

The National Aeronautics and Space Administration (NASA) is
processing global MODIS data to derive active fire detections,
including fire radiative power estimates on an operational basis

(Giglio et al. 2003, Justice et al. 2006). The data are made
available for free through the internet.

2. DATA AND METHODS

2.1 Study Areas

The study areas are located in the tropical savannas of the
Northern Territory, Australia (Figure 1). The areas lie between
15°S-10.5°S and 129°E-137°E.
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Figure 1. Location of the study areas (West Top End and East
Top End) in the tropical savannas of the Northern Territory,
Australia.

The climate in the study areas is defined by a wet and dry
season with 90% of the annual rainfall occurring in the wet
season months November to April. Average annual rainfall
varies between 2000mm and 500mm along a North-South
gradient (WWW1). This climate leads to a pronounced fire
season during the dry months. Land cover of the area is
dominated by open forest, woodland and open woodland
referred to as savanna throughout this paper (Fox et al. 2001).

2.2 Data

For this study the global MODIS Collection 5 Active Fire
product MCD14ML for years 2003 to 2009 was downloaded
from the ftp server at the University of Maryland
(ftp://fuoco.geog.umd.edu/). The MODIS fire detection
algorithm detects fires by applying thresholds to the brightness
temperatures observed in the middle and thermal infrared. In
addition, the brightness temperature of a potential fire pixel is
compared with the brightness temperatures of surrounding
pixels (Giglio et al. 2003, Justice et al. 2006). Apart from the
location of fires (including quality information) the algorithm
also provides an estimate of the instantaneous fire radiative
power (FRP; Justice et al. 2002). MCD14ML contains one line
of ASCII text for every fire detection, providing date, time,
satellite name, latitude, longitude, temperature in channel 21,
temperature in channel 32, sensor sample number, fire radiative
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power (FRP) and confidence level. Fire detections located in the
study areas (Fig. 1) were extracted from the global dataset.

2.3 Methodology

Fire detections were separated by study area, year, month and
local solar time class. Four local solar time classes were
defined: night AM (0:00-6:00 local solar time), day AM (6:00-
12:00 local solar time), day PM (12:00-18:00 local solar time)
and night PM (18:00-0:00 local solar time).

An important characteristic of fires is whether they are small,
controllable and have little long term impact on vegetation or
are large, uncontrollable and have large long term impact on
vegetation. For fires to become large, uncontrollable and
destructive in Australia’s savannas they usually have to burn
through the night. Therefore number of night time fire
detections is a good measure for number of big fires. But fire
activity varies over the fire season depending on the number of
ignition sources. To compensate for this the ratio of number of
night time (classes night AM and night PM) and number of day
time (classes day AM and day PM) fire detections has been
calculated assuming every day time fire is a potential ignition
source for a night time fire.

To investigate seasonal and diurnal variations in fire intensity
monthly mean fire radiative power for each time class has been
calculated. Months with less than 20 fire detections were
excluded from analysis to reduce bias by individual events.

3. RESULTS
Figure 2 shows the ratio of number of night-time and day time

fire detections for months April to November of years 2003 to
2009 in the two study regions.
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Figure 2. Ratio of number of fire detections (hotspots) at night
and number of hotspots during the day for West Top End (a)
and East Top End (b) for years 2003-2009.

For West Top End the ratio stays below 0.1 until July. From
August the ratio strongly rises at least until October with only
some years showing a slight drop in November. For East Top
End the ratio stays below 0.1 until August or September. While
the ratio also increases towards the end of the year it doesn’t
reach values as high as for the West Top End.

Figure 3 illustrates monthly mean fire radiative power of fire
detections in 2004 within West Top End (a) and East Top End
(b) for the four time classes. The two study areas exhibit very
similar monthly mean FRP values. Both show an increase in
FRP as the season progresses with a slight drop-off in
November. Highest values in a given month are usually
observed for the early afternoon detections (time class day PM),
followed by the late morning detections (time class day AM).
Night time detections (time classes night PM and night AM)
almost always show the lowest values. Other years (data not
shown) show a similar behaviour.
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Figure 3. Mean fire radiative power for West Top End (a) and
East Top End (b) for four time classes in 2004.

4. DISCUSSION

Figure 2 clearly shows there are two phases of fire activity in
both study areas. The first phase, up until around July/August
shows a low number of fire detections during the night. This
phase mainly consists of management fires of low intensity (see
Figure 3). These fires are lit during times when temperatures
drop and relative humidity rises at night. Under these conditions
fires usually extinguish at night.

After July/August night time temperatures increase and relative
humidity level decrease as the season progresses. This leads to
more and more fires burning through the night, reflected by the
increasing ratio of numbers of night time and day time fire
detections (Figure 2).



In addition to that fires are getting more intense during the day
(see Figure 3) as day time temperatures increase and winds are
getting stronger. Most of these fires are difficult to control.
These findings are in agreement with anecdotal evidence from
fire managers and researchers.

5. CONCLUSION

Dedicated fire channels and stable sun-synchronous orbits of its
satellite platforms make MODIS a sensor system suitable for
investigation of seasonal and diurnal changes in fire
characteristics. This study has shown two distinct phases of fire
activity can be observed in the tropical savannas of Australia’s
Northern Territory. The first phase, early in the dry season, is
characterised by low intensity fires that usually extinguish at
night. The second phase, later in the dry season, is dominated by
high intensity fires burning through the night.

REFERENCES

Bradstock RA, Williams JE, Gill AM (Eds) (2002) Flammable
Australia: the fire regimes and biodiversity of a continent.
Cambridge University Press: Cambridge UK.

Carmona-Moreno C, Belward A, Malingreau J-P, Hartley A,
Garcia-Alegre M, Antonovskiy M, Buchshtaber V, Pivovarov V
(2005) Characterizing interannual variations in global fire
calendar using data from Earth observing satellites. Global
Change Biology 11, 1537-1555.

Craig R, Heath B, Raisbeck-Brown N, Steber M, Marsden J,
Smith R (2002) The Distribution, Extent and Seasonality of
Large Fires in Australia, April 1998-March 2000, as Mapped
from NOAA-AVHRR Imagery, Australian Fire Regimes:
Contemporary Patterns (April 1998 - March 2000) and Changes
Since European Settlement, State of the Environment Second
Technical Paper Series (Biodiversity), Series 2, Australia, ISBN
0 642 54801 3.

Ellis S, Kanowski P, Whelan R (2004) ‘National Inquiry on
Bushfire Mitigation and Management’. Commonwealth of
Australia: Canberra (http://www.coag.gov.au/).

Fox ID, Neldner VJ, Wilson, GW, Bannink PJ (2001) The
vegetation of the Australian tropical savannas. Environmental
Protection Agency, Brisbane, Australia.

Giglio L, Descloitres J, Justice CO, Kaufman YJ (2003) An
Enhanced Contextual Fire Detection Algorithm for MODIS.
Remote Sensing of Environment 87, 273-282.

Hao WM, Liu MH (1994) Spatial and temporal distribution of
tropical biomass burning. Global Biogeochemical Cycles 8,
495-503.

Justice CO, Vermote E, Townshend JRG, Defries R, Roy DP,
Hall DK, Salomonson VV, Privette JL, Riggs G, Strahler A,
Lucht W, Myneni RB, Knyazikhin Y, Running SW, Nemani
RR, Wan Z, Huete AR, van Leeuwen W, Wolfe RE, Giglio L,
Muller J-P, Lewis P, Barnsley MJ (1998) The moderate
resolution imaging spectroradiometer (MODIS): Land remote
sensing for global change research. /EEE Transactions on
Geoscience and Remote Sensing 36, 1228-1249.

Justice CO, Giglio L, Korontzi S, Owens J, Morisette JT, Roy
D, Descloitres J, Alleaume S, Petitcolin F, Kaufman Y (2002)

The MODIS fire products. Remote Sensing of Environment, 83,
244-262.

Justice C, Giglio L, Boschetti L, Roy D, Csiszar I, Morisette J,
Kaufman Y (2006) Algorithm Theoretical Background
Document - MODIS Fire Products, Version 2.3. EOS ID# 2741.
MODIS Science Team.

Matson M, Holben B (1987) Satellite detection of tropical
burning in Brazil. International Journal of Remote Sensing 8,
509-516.

Meyer CP (2004) Establishing a consistent time-series of
greenhouse gas emission estimates from savanna burning in
Australia. CSIRO Atmospheric Research, Report to the
Australian Greenhouse Office, Canberra.

Russell-Smith J, Yates CP, Whitehead PJ, Smith R, Craig R,
Allan GE, Thackway R, Frakes I, Cridland S, Meyer MCP, Gill
AM (2007) Bushfires 'down under": patterns and implications of
contemporary Australian landscape burning. International
Journal of Wildland Fire 16, 361-377.

Salomonson VV, Barnes W, Masuoka EJ (2006) Introduction to
MODIS and an overview of associated activities. In Earth
Science Satellite Remote Sensing, J.J. Qu, W. Gao, M. Kafatos,
R.E. Murphy and V.V. Salomonson (eds), pp. 12-32 (Berlin:
Springer).

WWWI1, http://www.bom.gov.au/jsp/ncc/climate_averages/
rainfall/index.jsp, Australian Bureau of Meteorology -
Australian Climate Averages — Rainfall (Climatology 1961-
1990), last accessed February 11, 2011.

ACKNOWLEDGEMENTS

The authors thank NASA and the University of Maryland for
providing MODIS active fire information free of charge.



